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Preface 
 

Of all natural hazards threatening the United States, earthquakes pose the greatest risk in terms of 

casualties and damage. According to a 2006 National Research Council (NRC) report, 42 states 

have regions with some degree of earthquake potential and 18 states have areas of high or very 

high seismicity. Over 75 million people live in urban areas with moderate to high earthquake risk. 

The NRC report also notes that the estimated value of structures in all states prone to earthquake 

damage is approximately $8.6 trillion (2003 dollars). Recent studies estimate losses for several 

specific earthquake scenarios: 

 

• Repeat of the 1906 San Francisco earthquake: $90–120 billion. 

• A magnitude 7.5 earthquake in the Salt Lake City area: $18 billion. 

• A magnitude 6.7 earthquake on the Seattle fault: $33 billion. 

 

Although earthquakes are inevitable, earthquake disasters are not. The National Earthquake 

Hazards Reduction Program (NEHRP), authorized by the Earthquake Hazards Reduction Act of 

1977 (Public Law 95-124), as amended by the National Earthquake Hazards Reduction Program 

Reauthorization (Public Law 108-360), seeks to mitigate earthquake losses in the United States by 

performing basic and applied research, developing cost-effective risk reduction measures, and 

actively promoting their implementation.  

 

Over the past 30 years, NEHRP has helped the nation make significant advances in earthquake 

safety; however, major challenges remain. During this period, the population of the United States 

has increased from 200 million to 300 million; much of this population increase is in seismic areas. 

Many elements of the national infrastructure have aged without replacement, and have never been 

tested by strong earthquake shaking. In 2003, the American Society of Civil Engineers (ASCE) 

reported (www.asce.org/reportcard/2005/) that 27.1 percent of the nation’s bridges (160,570) were 

structurally deficient or functionally obsolete. ASCE further reported that even more bridges in 

urban areas (31.2 percent) were structurally deficient or functionally obsolete. These data indicate 

the condition of the nation’s infrastructure, and are vividly illustrated to the public when periodic 

bridge collapses are reported in the press. Maintaining global competitiveness requires that 

practices to mitigate earthquake impacts in the United States, both in new construction and in its 

aging infrastructure, be affordable and demonstrably cost-effective to all levels of government and 

private interests. This same global economy exposes our national economy to earthquake risks in 

other countries, particularly around the Pacific Rim. 

 

Thus, although NEHRP has made progress toward national earthquake safety, the pressures caused 

by changing demographics and economic conditions and priorities continue to require that NEHRP 

be viable, flexible, and forward looking. NEHRP must build on past experience but remain focused 

on future risks and on developing the practical solutions needed to reduce or eliminate these risks. 



 

This report to Congress describes the activities and achievements of the NEHRP agencies and their 

partners during 2007 in building on past results and advancing earthquake safety nationwide. 
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Executive Summary 
 

The Interagency Coordinating Committee (ICC) of the National Earthquake Hazards Reduction 

Program (NEHRP) presents the NEHRP 2007 Annual Report. This has been an active and 

productive year for NEHRP with significant progress toward long-term goals and objectives for 

reducing losses from future earthquakes. As required by Public Law 108-360, this report describes 

these activities and progress, and gives program budgets for fiscal year (FY) 2008 and those 

proposed for FY 2009. 

 

The four NEHRP agencies are the Federal Emergency Management Agency (FEMA), the National 

Institute of Standards and Technology (NIST), the National Science Foundation (NSF), and the 

U.S. Geological Survey (USGS). The ICC is composed of the Directors of the NEHRP agencies and 

the Directors of the White House Office of Science and Technology Policy and Office of 

Management and Budget. NIST serves as the NEHRP lead agency and its Director chairs the ICC. 

 

Total enacted funding for NEHRP in FY 2008 is $121.5 million, compared to $121.0 million in FY 

2007. Total requested funding for NEHRP activities in FY 2009 is $124.5 million. 

 

The principal accomplishments of NEHRP in FY 2007 are summarized below: 

 

NEHRP Leadership:  The year 2007 was the first year with all of the new statutory 

management and advisory bodies in place and functioning. The Advisory Committee 

on Earthquake Hazards Reduction, composed of external scientists and engineers, was 

fully staffed and conducted its first full meeting in May. In 2007, the ICC met three 

times, providing expert and high level recommendations and oversight to NEHRP in 

general and to the new Strategic Plan in particular. This plan will be completed in 

early 2008 and its goals, objectives, and outcomes will provide direction and 

milestones for NEHRP during the next 5 years. 

 

NSF Research Centers:  At the end of 2007, three earthquake engineering research 

centers completed their 10-year period of NSF support. These centers have made major 

contributions to the development of performance-based seismic design, improved 

fundamental understanding of seismic performance of structures, and advanced 

technologies to help mitigate and respond to seismic events. All three centers will 

continue as research centers through various combinations of university, state, and 

private sector support, and other federal funding. The momentum provided to these 

centers through NSF support has made them self-sustaining, and will allow them to 

continue making contributions to NEHRP goals. 

 

George E. Brown, Jr. Network for Earthquake Engineering Simulation (NEES):  

The construction phase of NEES was completed in 2004 and it has developed into an 



 

vi 2008 NEHRP Annual Report 

active research partnership. As of September 2007, NSF has funded over 40 research 

projects to use the NEES facilities to study a wide spectrum of engineering topics 

related to soil and structure integrity and safety in earthquakes and tsunamis. As a 

part of NEES operations, the NEES Consortium, Inc. continues to push the forefront 

of experimental testing with the improvement of the experimental infrastructure 

through new telepresence and hybrid simulation tools. 

 

Earthquake Safety in Building Design and Construction Standards and Codes:  

FEMA developed tools, and associated training material, for design professionals, 

engineers, building contractors, and decision-makers to address a number of existing 

challenges. Topics covered include seismic rehabilitation of existing buildings, 

updating the Homebuilders’ Guide to Earthquake Resistant Design and Construction, and 

developing the Design Guide for Improving Hospital Safety in Earthquakes, Floods, and 

High Winds. As a result of FEMA’s success in influencing the Nation’s model building 

codes, states and localities are increasingly adopting and enforcing earthquake-

resistant building codes based on these model codes. In FY 2007, there was a 30 

percent increase in the number of jurisdictions in high-seismic regions that adopted a 

disaster-resistant building code. All 50 states have now adopted a national model 

building code, either in whole or in part. 

 

Earthquake Monitoring:  The USGS continued its deployment of the Advanced 

National Seismic System (ANSS) that integrates, modernizes, and expands seismic 

monitoring, data analysis, and earthquake notification in the United States. By the end 

of FY 2007, ANSS had grown to 784 stations, which is just over 10 percent of the 

planned 7,100-station network. USGS began issuing rapid estimates of population 

exposure to surface shaking to help assess the impact of an earthquake disaster within 

a few tens of minutes after a large earthquake.  

 

Assessing Seismic Hazards:  The USGS provided new national seismic hazard maps 

to the Building Seismic Safety Council, initiating the process for their consideration in 

the 2012 version of the International Building Code. For California, a new seismic 

forecast model was developed by the Working Group on California Earthquake 

Probabilities, a collaboration between university scientists, the State of California, and 

USGS. The USGS also released new urban seismic hazard maps for Seattle, the first 

probabilistic seismic hazard maps based on three-dimensional simulations of 

earthquake ground motions. 

 

These are just a few of the NEHRP accomplishments during FY 2007 described in this report. 

Although much has been accomplished, much remains to be done. Work completed in FY 2007 will 

have applications immediately or in the near future in reducing earthquake risk. Work advanced in 

FY 2007 has laid a strong foundation for realizing similarly effective outcomes in future years. 
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Introduction 
 

1.1  LEGISLATIVE OVERVIEW 

Congress first authorized the National Earthquake Hazards Reduction Program (NEHRP) in 1977 

with the goal of reducing earthquake losses nationwide. Congress last reauthorized NEHRP in 

2004. The four federal agencies with funding authorizations and legislatively mandated 

responsibilities for NEHRP activities are the Federal Emergency Management Agency (FEMA), 

the National Institute of Standards and Technology (NIST), the National Science Foundation 

(NSF), and the U.S. Geological Survey (USGS). 

 

The 2004 reauthorization of NEHRP (Public Law 108-360) requires the NEHRP Interagency 

Coordinating Committee (ICC) to submit an annual report at the time of the President’s annual 

budget request to Congress. This report meets this requirement and is transmitted accordingly to 

the Committee on Science and Technology and the Committee on Natural Resources of the House of 

Representatives and the Committee on Commerce, Science, and Transportation of the Senate. 

 

 

1.2  NEHRP ORGANIZATION AND MANAGEMENT 

During the past 3 years, NEHRP has undergone considerable change in organization, with the 

designation of a new lead agency, NIST, and the establishment of management and oversight 

committees and an external advisory panel. The NEHRP annual report for fiscal year (FY) 2005 

and FY 2006 presented a detailed review of these changes and the current status of  

NEHRP management. 

 

The work of NEHRP is carried out by the four NEHRP agencies and the organizations they 

support. The roles of the NEHRP agencies are described below. 

 

 

Federal Emergency Management Agency  

FEMA is responsible for developing effective earthquake risk reduction tools and promoting their 

implementation, as well as supporting the development of disaster-resistant building codes and 

standards. FEMA NEHRP activities are led by the Risk Reduction Division, Mitigation 

Directorate, FEMA Headquarters, and through the FEMA Regions. Organizations that received 

FEMA support for NEHRP activities in FY 2007 include states, multi-state earthquake consortia, 
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seismic experts from the academic and practitioner communities, and stakeholder groups that 

access a vast network of expertise in engineering, academics, and public policy. 

 

 

National Institute of Standards and Technology  

NIST serves as the NEHRP lead agency and, in addition, develops, evaluates, and tests earthquake-

resistant design and construction practices for implementation in building codes and engineering 

practice. NEHRP Directorate, Secretariat, and applied research activities are conducted in the 

Building and Fire Research Laboratory of NIST.  

 

 

National Science Foundation  

NSF supports basic research and research facilities in earth sciences, engineering, and social, 

behavioral, and economic sciences relevant to the understanding of the causes and impacts of 

earthquakes and to developing practical measures to reduce their effects. NSF NEHRP-related 

support is carried out primarily through research grants to individual universities, university 

consortia, and other organizations. These grants are awarded primarily through the NSF 

Directorate for Engineering and the Directorate for Geosciences. 

 

 

U.S. Geological Survey  

The USGS operates and supports earthquake monitoring, data analysis, and notification facilities; 

provides earthquake hazard assessments; and conducts and supports targeted research on 

earthquake causes and effects. The Earthquake Hazards Program Office at the USGS Headquarters 

leads the USGS NEHRP work. USGS research and monitoring activities are conducted by USGS 

scientists at offices in Albuquerque, New Mexico; Anchorage, Alaska; Golden, Colorado; Memphis, 

Tennessee; Menlo Park and Pasadena, California; and Seattle, Washington, as well as through 

grants and cooperative agreements with universities, state geological surveys, and  

other organizations. 

 

 

Cooperating Organizations 

NEHRP agencies support and work with many cooperating organizations, which are described 

briefly in Appendix A of this report. These organizations are essential in furthering the work of 

NEHRP in research, development, and implementation. Many of these organizations receive 

support from multiple NEHRP agencies and other sources with interests common to NEHRP goals. 
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1.3  NEHRP COORDINATION AND OVERSIGHT 

NEHRP is coordinated at the highest levels by the principals of the four agencies and at the 

working level by program officials directly responsible for program execution. NEHRP also is 

reviewed and guided by an external advisory panel of nongovernment experts. 

 

 

Interagency Coordinating Committee  

Congress established the ICC in 2004 to “...oversee the planning, management, and coordination of 

the Program.” The ICC is composed of the Director/Administrator of each NEHRP agency as well 

as the Directors of the White House Office of Science and Technology Policy and Office of 

Management and Budget. In addition to program oversight, the ICC is responsible for developing 

the NEHRP Strategic Plan, an implementation plan, an integrated NEHRP budget, and annual 

reports. The Director of NIST chairs the ICC. 

 

The ICC met in October 2006, May 2007, and September 2007 to address program coordination 

and policy issues. In 2007, the ICC released its first annual report to Congress as required under 

the 2004 NEHRP reauthorization. The ICC has developed and endorsed a process of unified 

interagency program planning with coordinated budget requests (to take effect with the FY 2010 

budget); and approved a framework for a revised NEHRP Strategic Plan. 

 

 

Advisory Committee on Earthquake Hazards Reduction 

Congress established the Advisory Committee on Earthquake Hazards Reduction (ACEHR) in 

2004 to assess: 

 

• Trends and developments in science and engineering of earthquake hazard reduction. 

• Effectiveness of NEHRP in carrying out specified activities. 

• The need to revise NEHRP. 

• The management, coordination, and implementation of NEHRP. 

 

The ACEHR is composed of leading earthquake professionals representing a balance of research 

and practitioner expertise, of regional, state, and local interests, and the relevant elements of the 

private sector. The ACEHR met for the first time in May 2007, at which members were updated on 

activities at the four NEHRP agencies and discussed their views on trends and developments with 

potential NEHRP impacts. The ACEHR met for the second time in October 2007. 
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Program Coordination Working Group 

The Program Coordination Working Group (PCWG) is composed of working-level program 

managers from each NEHRP agency. The PCWG, chaired by NIST, meets monthly to coordinate 

agency activities, review reporting and planning documents, discuss issues and joint opportunities, 

and exchange relevant information. NIST maintains the NEHRP Secretariat to support  

PCWG activities. 

 

The PCWG supports the efforts of the ICC in the preparation of the NEHRP annual reports and 

the revised Strategic Plan. In May 2007, the PCWG briefed staff members of the House Committee 

on Science and Technology and of the Senate Appropriations Committee on NEHRP activities. 

Through the PCWG, the NEHRP agencies jointly sponsored a research and implementation needs 

workshop for improved seismic safety for existing buildings. The agencies also began planning for 

jointly sponsored FY 2008 workshops on earthquake impact scenarios, performance-based seismic 

design, and post-earthquake information management. A primary goal of the workshops is to 

engage both the earthquake research and professional communities in defining needs in key areas 

that should receive increased Program emphasis. 

 

 

1.4  PROGRAM HIGHLIGHTS 
 
Federal Emergency Management Agency 

FEMA continued to develop tools, and associated training materials, for design professionals, 

contractors, and decision-makers to address a number of existing challenges in seismic safety. 

These efforts included addressing the rehabilitation of existing buildings, updating the 

Homebuilders’ Guide to Earthquake Resistant Design and Construction (FEMA 232), which references 

the seismic provisions of the International Residential Code, and developing the Design Guide for 

Improving Hospital Safety in Earthquakes, Floods, and High Winds (FEMA 577), which provides state-

of-the-art knowledge on the vulnerabilities faced by hospitals. As a result of FEMA’s success in 

influencing the Nation’s model building codes, states and localities are increasingly adopting and 

enforcing earthquake-resistant building codes. In FY 2007, there was a 30 percent increase in the 

number of jurisdictions in high-seismic regions that adopted a disaster-resistant building code. All 

50 states have now adopted a national model building code, either in whole or in part. 

 

 

National Institute of Standards and Technology 

Supported by initial funding under the President’s American Competitiveness Initiative, NIST 

reestablished its earthquake engineering research program. As FY 2007 came to a close, NIST was 

recruiting new research staff and awarding a multiyear, multitask research contract to a joint 

venture of the Applied Technology Council and the Consortium of Universities for Research in 

Earthquake Engineering.  
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The NEHRP Secretariat exerted substantial effort in supporting ICC, ACEHR, and PCWG 

activities during FY 2007. The Secretariat also raised the profile of NEHRP by updating the 

NEHRP Web site (www.nehrp.gov), expanding the NEHRP listserv, and publishing a monthly 

electronic newsletter entitled SeismicWaves. Ten editions of this publication have been posted to 

date, covering subjects ranging from a homeowners’ guide for earthquake safety to pipeline 

survivability in earthquakes.  

 

The Secretariat also conducted a number of outreach activities, participating in meetings with 

regional earthquake consortia, earthquake professional groups, and government organizations. The 

Secretariat also participated in a Congressional Natural Hazards Caucus seminar on earthquake risk 

in the New Madrid region.  

 

 

National Science Foundation 

At the end of FY 2007, three NSF-supported research centers—the Multidisciplinary Center for 

Earthquake Engineering Research, the Mid-America Earthquake Center, and the Pacific 

Earthquake Engineering Research Center—completed 10 years of NSF support. All three centers 

will continue as centers through various combinations of university, state, and private sector 

support, and with other federal funding. Through NSF support, these centers have made major 

contributions to the development of performance-based seismic design; improved fundamental 

understanding of seismic performance of structures ranging from buildings, bridges, and acute care 

facilities to critical utility lifelines; and developed advanced technologies to improve earthquake 

mitigation and response. 

 

Through four annual program solicitations and the Small Grants for Exploratory Research 

program, as of September 2007, the NSF has funded over 40 research projects to use the George E. 

Brown, Jr. Network for Earthquake Engineering Simulation (NEES) facilities to study soil 

foundation and structure interaction; seismic performance of foundations, lifelines, and reinforced 

concrete, masonry, wood, and composite structures; behavior of steel frames that include innovative 

bracing schemes; seismic design of nonstructural systems; seismic risk mitigation of ports and 

harbors; seismic performance of bridge systems with conventional and innovative materials; and 

tsunami generation and impacts on the built environment. 

 

As a part of NEES operations, the NEES Consortium, Inc. (NEESinc) continues to push the 

forefront of experimental testing with development and improvement of the experimental 

infrastructure through new telepresence (joint research through the Internet) and hybrid 

simulation tools. Hybrid simulation is an experimental technique where a substructure is 

experimentally tested at full-scale, or near full-scale, while the remainder of the structure is 

simulated by computers. To date, NEESinc has developed two hybrid simulation software tools: 

SimCor 2.5 and OpenFresco 2.0. 
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U.S. Geological Survey 

The USGS continued its deployment of the Advanced National Seismic System (ANSS) that 

integrates, modernizes, and expands seismic monitoring, data analysis, and earthquake notification 

in the United States. By the end of FY 2007, ANSS had grown to 784 stations, which is just over 10 

percent of the planned 7,100-station network.  

 

The number of stations in the Global Seismographic Network, which is jointly supported by the 

USGS and the NSF, rose to 147. Telemetry upgrades improved communications capabilities at 36 

of 39 planned sites. The USGS began issuing rapid estimates of population exposure to surface 

shaking through its Prompt Assessment of Global Earthquakes for Response system to help 

emergency responders and aid agencies assess the impact of an earthquake disaster within a few 

tens of minutes after a large earthquake. 

 

New national seismic hazard maps were provided to the Building Seismic Safety Council for its 

consideration in developing the 2009 version of the NEHRP Recommended Provisions for Seismic 

Regulations for New Buildings and Other Structures. These maps will be considered for inclusion in the 

2012 version of the International Building Code. For California, a new seismic forecast model was 

developed by the Working Group on California Earthquake Probabilities, a collaboration among 

the Southern California Earthquake Center (SCEC), the California Geological Survey, and the 

USGS. The USGS also released new urban seismic hazard maps for Seattle, the first probabilistic 

seismic hazard maps based on three-dimensional simulations of earthquake ground motions.  

 

A new Multi-Hazard Demonstration Project in Southern California began in FY 2007. This project 

includes a systematic investigation of the earthquake history of the southern San Andreas Fault in 

partnership with SCEC that will contribute to an urban hazard assessment for the Los Angeles 

region. The project also developed a realistic scenario for a major earthquake on the southern San 

Andreas Fault, which will be the basis for the 2008 Golden Guardian training exercise. 

 

 

1.5  STRUCTURE OF THIS REPORT 

The new NEHRP Strategic Plan that is in the final stages of development serves as the framework 

for this report. The Strategic Plan defines three Program goals and standards for the operation of 

NEHRP facilities, all of which closely track the activities defined by Congress for the Program in 

the 2004 reauthorization. Objectives within each goal define activities, expected results, and 

outcomes for the 5-year strategic planning period (FY 2008–2012). In this report, NEHRP 

accomplishments for FY 2007 are described for each of the Strategic Plan objectives and facility 

operations, providing a baseline for NEHRP as it enters the implementation phase of the FY 2008–

2012 strategic planning cycle. Future annual reports will follow this reporting framework, 

providing a straightforward and simple means of tracking and evaluating NEHRP  

yearly performance. 
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Program Budgets for  
FY 2008 and FY 2009 

 

2.1  INTRODUCTION 

The fiscal year (FY) 2008 and proposed FY 2009 Program budgets are presented below in terms of 

funds directed toward or requested for National Earthquake Hazards Reduction Program (NEHRP) 

goals, as defined in the new Strategic Plan. Each goal is associated with a NEHRP “Program 

Activity,” defined in Public Law 108-360, Section 103(2). Table 2.1 shows these relationships. In 

addition, this legislation authorized the development, operation, and maintenance of certain 

NEHRP facilities:  the Advanced National Seismic System (ANSS), the George E. Brown, Jr. 

Network for Earthquake Engineering Simulation (NEES), and the Global Seismographic Network 

(GSN). Table 2.1 shows the relationships between congressionally defined activities and the major 

elements of the new Strategic Plan. 

 

Table 2.1—Relationships of NEHRP Strategic Goals to Statutory  
Program Activities 

NEHRP Strategic Goals 
NEHRP Program Activity 

(as defined by Congress in P.L. 108-360) 

Goal A: Improve understanding of 

earthquake processes and impacts. 

Improve the understanding of earthquakes and 

their effects on communities, buildings, structures, 

and lifelines, through interdisciplinary research 

that involves engineering, natural sciences, and 

social, economic, and decision sciences. 

Goal B: Develop cost-effective measures 

to reduce earthquake impacts on 

individuals, the built environment,  

and society at large. 

Develop effective measures for earthquake  

hazards reduction. 

Goal C: Improve the earthquake 

resilience of communities nationwide. 

Promote the adoption of earthquake hazards 

reduction measures by federal, state, and local 

governments. 

Develop, operate, and maintain  

NEHRP facilities. 

Develop, operate, and maintain ANSS, NEES, and  

the GSN. 
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2.2  NEHRP FY 2008 ENACTED BUDGETS LISTED BY  
PROGRAM GOAL 

Table 2.2 lists the enacted FY 2008 NEHRP agency budgets by Program goal.  

 

Table 2.2—NEHRP FY 2008 Enacted Budgets 

Funds Allocated to Goal ($M)1 
Program Goal 

FEMA2 NIST NSF USGS Total 

Goal A: Improve understanding of earthquake 

processes and impacts. 
0.1 0.2 30.0 10.8 41.1 

Goal B: Develop cost-effective measures to reduce 

earthquake impacts on individuals, the built 

environment, and society at large.  

3.1 1.0  30.2 34.3 

Goal C: Improve the earthquake resilience of 

communities nationwide. 
2.9 0.5  3.9 7.3 

Develop, operate, and maintain NEHRP facilities:      

ANSS—USGS    8.8 8.8 

NEES—NSF   22.1  22.1 

GSN—NSF and USGS   3.5 4.4 7.9 

Total:  6.1 1.7 55.6 58.1 121.5 

 

Notes on Table 2.2:  

1 Budgets are rounded to nearest $0.1M. 

2 The FEMA FY 2008 budget is an estimated allocation from the Department of Homeland Security 

(DHS) appropriation, which covers Program activities but excludes Salaries & Expenses (S&E) and 

State Grants administered by the FEMA Preparedness Directorate. 
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2.3  NEHRP FY 2009 REQUESTED BUDGETS LISTED BY  
PROGRAM GOAL 

Table 2.3 lists the President’s requested FY 2009 NEHRP agency budgets by Program goal.  

 

Table 2.3—NEHRP FY 2009 Requested Budgets 

Funds Allocated to Goal ($M)1 
Program Goal 

FEMA2 NIST NSF USGS Total 

Goal A: Improve understanding of earthquake 

processes and impacts. 
0.1 0.8 30.0 9.9 40.8 

Goal B: Develop cost-effective measures to reduce 

earthquake impacts on individuals, the built 

environment, and society at large.  

3.1 4.5  27.5 35.1 

Goal C: Improve the earthquake resilience of 

communities nationwide. 
5.4 1.1  3.7 10.2 

Develop, operate, and maintain NEHRP facilities:      

ANSS—USGS    8.0 8.0 

NEES—NSF   22.9  22.9 

GSN—NSF and USGS   3.5 4.0 7.5 

Total:  8.6 6.4 56.4 53.1 124.5 

 

Notes on Table 2.3:  

1 Budgets are rounded to nearest $0.1M. 

2 The FEMA FY 2009 budget is an estimated allocation from the DHS appropriation, which covers 

Program activities but excludes S&E and State Grants administered by the FEMA  

Preparedness Directorate. 

 



 

10 2008 NEHRP Annual Report 

 

 

 

 



 

Chapter 3: NEHRP FY 2007 Activities and Results 11 

 

 

 

NEHRP FY 2007 Activities and Results 
 

This chapter is organized by the goals and objectives in the National Earthquake Hazards 

Reduction Program (NEHRP) Strategic Plan for fiscal years (FY) 2008–2012. The goals are 

directly related to the NEHRP activities defined in Public Law 108-360, Section 103(2). The 

activities and accomplishments described below are not listed under individual NEHRP agencies, as 

done in past reports, but under NEHRP objectives as combined efforts. This demonstrates how the 

NEHRP agencies are working toward the goals and objectives of the NEHRP Strategic Plan.  

 

 

3.1  STRATEGIC GOAL A: IMPROVE UNDERSTANDING OF 
EARTHQUAKE PROCESSES AND IMPACTS 

This strategic goal is directly related to the congressionally defined NEHRP program activity 

“Improve understanding of earthquakes and their effects on communities, buildings, structures, and 

lifelines through interdisciplinary research that involves engineering, natural sciences, and social, 

economic, and decision sciences.” The research supported and undertaken under Goal A provides a 

strong foundation for the development and implementation of practical earthquake risk reduction 

measures pursued under Goals B and C. Program accomplishments for FY 2007 are presented 

under the four objectives established for Goal A. 

 

 

Objective 1: Advance understanding of earthquake phenomena and  
generation processes 

Physics-Based Models of Earthquake Sources in Southern California 

The Southern California Earthquake Center (SCEC), led by the University of Southern California, 

is a university consortium jointly supported by the National Science Foundation (NSF) and the U.S. 

Geological Survey (USGS). Scientists at SCEC have developed consensus models of the structure of 

the Earth’s crust beneath southern California. These sophisticated computer-based models include a 

new Community Fault Model that represents more than 160 active faults in southern California. 

This model, in turn, has been extended to produce a realistic model of the geology of the crustal 

blocks that lie between these structures. Combined, these models can be used in studies of 

earthquake potential and impacts. SCEC also has developed regional earthquake likelihood models 

for earthquake predictability experiments. Earthquake ground motion simulations have been used 

to improve attenuation relationships and create realistic earthquake scenarios. New types of 

laboratory experiments at SCEC institutions have helped to elucidate the frictional resistance 
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during earthquakes. These results have been combined 

with field studies on exhumed faults to develop better 

models of dynamic rupture. Results of these and 

similar experiments will eventually be incorporated 

into the regional models and may provide a useful tool 

for earthquake forecasting. 

 

Precise Mapping of Major Earthquake Fault Systems 

In the San Francisco Bay Area, the NSF and the USGS 

cooperated with other partners in supporting the 

acquisition of Light Detection and Ranging (LiDAR) 

surveys of the major earthquake faults. This airborne 

technology is a cost-effective and precise method of 

mapping the ground surface with a resolution of 

vertical and horizontal position to within several 

centimeters, revealing the surface expression of 

geologic faults. In the spring of 2007, the NSF 

EarthScope program (a related non-NEHRP activity) 

acquired 1,400 square kilometers of high-resolution LiDAR imagery, typically using 1-kilometer-

wide swaths, along the major earthquake faults, including the San Andreas, Calaveras, San 

Gregorio, Rogers Creek, and Maacama Faults. The USGS partnered with the San Francisco Public 

Utilities Commission, Pacific Gas & Electric Company (PG&E), and the City of Berkeley to extend 

the survey to the urban sections of the Hayward Fault. The bare-earth models derived by stripping 

away overlying vegetation should lead to improved mapping of fault strand locations and landslides 

in the foothills of the East Bay.  

 

Similarly, in the Portland, Oregon, metropolitan area, approximately 4,200 square kilometers of 

high-resolution LiDAR imagery was collected during the winter of 2006–2007. The USGS 

partnered with the Oregon Department of Geology and Mineral Industries, Portland Metro, and 

the Oregon Department of Forestry to establish the Oregon LiDAR Consortium and fund this data 

acquisition. The data collected, when merged with existing LiDAR data, will provide complete 

coverage of the Portland urban growth area as well as much of the adjacent region. Landslide 

mapping and searching for evidence of recent geologic faulting or surface deformation constitute 

two of the high-priority uses for the new data. 

 

Tracking Tremors in the Pacific Northwest 

One of the most interesting new discoveries in the earth sciences has been the observation of slow 

aseismic slip and nonvolcanic tremor, particularly in the Pacific Northwest and other subduction 

zone settings such as Japan. The tremendous growth in the types and number of monitoring 

instruments in the region continues to drive these discoveries. “Slow slip” refers to the relative 

motion across a fault that occurs over many seconds to months, without radiating seismic waves, 

and is measurable using geodetic methods employing global positioning satellites (GPS) and 

sensitive strain meters. “Tremor” refers to seismic waves that radiate from sources at very low 

 

Year and magnitude of latest large San 

Andreas earthquakes. Illustration courtesy 

of Earthquake Country Alliance. 
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amplitudes for long durations, detectable most easily on sensors tuned to record rapid, high-

frequency waves. Slow slip and tremor generation represent modes of fault motion that differ 

significantly from that which occurs during earthquakes, and thus represent new elements to the 

energy budget that must be balanced to assess the probability of major earthquakes. Some 

observations suggest the two phenomena are highly coupled, and they repeat with a regularity 

rarely observed in geologic processes. Results to date suggest that slow slip and tremor reflect 

conditions on the boundaries of fault areas where earthquake slip may occur, so that improved 

observations may clarify those faults most likely to host future damaging earthquakes. NEHRP's 

sustained program of seismic monitoring in the region promises to provide new observations of and 

insights into these phenomena. 

 

USGS External Grants and Cooperative Agreements  

In 2007, the USGS funded over 100 grants and cooperative agreements to support targeted 

research in earthquake hazards, physical processes, and effects. This assistance adds a significant 

range of expertise to the USGS Earthquake Hazards Program and leverages support from other 

federal and state agencies, universities, and the private sector. SCEC, which is supported jointly 

with NSF, was awarded a 5-year cooperative agreement in FY 2007, thereby extending this 

successful partnership. Lists of USGS grants issued and reports that describe research results are 

available at www.earthquake.usgs.gov/research/external/.  

 

 

Objective 2: Advance understanding of earthquake effects on the  
built environment 

Liquefaction (Ground Failure) Mitigation in Earthquakes 

When loose, unconsolidated soils are shaken in earthquakes, they can lose bearing strength and 

flow or liquefy, thus damaging structures built upon them in the flow path. Research sponsored by 

the NSF at Northwestern University has been investigating the use of entrapped air or gas bubbles 

to mitigate liquefaction in loose granular soil deposits. Results to date show that small amounts of 

entrapped air can be introduced in saturated granular soils, and remain for long periods, even under 

very large flow gradients in any direction. As a result, this technique of induced partial saturation 

has the potential for long-term liquefaction mitigation. The construction of a testing apparatus is 

complete and initial testing has shown significant reduction in liquefaction with very small 

decreases in degree of saturation. Work continues to quantify the effects of entrapped air and 

evaluate field methods of inducing partial saturation.  

 

In a related study, USGS researchers have improved understanding of liquefaction processes that 

can cause severe damage to structures during an earthquake. By analyzing borehole pore pressure 

data, they found that long-period seismic waves confined to near the Earth’s surface, in addition to 

seismic shear waves traveling through the interior of the Earth, can produce excess pore pressure 

and liquefaction. Thus, conventional techniques for predicting liquefaction, based only on the 

interior waves, need to be amended to account for the importance of long-period surface waves. 
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Because surface waves carry higher amplitudes to greater distances, this has important implications 

for estimating the maximum distance from an earthquake where liquefaction can occur.  

 

Performance-Based Seismic Design (PBSD) Research 

Through its performance-based earthquake engineering methodology and tools, the Pacific 

Earthquake Engineering Research (PEER) Center has impacted both the development of future 

performance-based design standards and refinements to existing codes and standards for the 

building, transportation, and utilities industries. This is evident through its impact on projects 

funded by the Federal Emergency Management Agency (FEMA) to develop guidelines for PBSD. 

The PEER-developed software, Open System for Earthquake Engineering Simulation (OpenSees), 

provides a computational platform for advanced geotechnical and structural modeling that now has 

a large user base (http://opensees.berkeley.edu). OpenSees has been adopted by the George E. 

Brown, Jr. Network for Earthquake Engineering Simulation (NEES) program. 

 

Risk and Consequence Management for Communities 

The Mid-America Earthquake (MAE) Center has developed methodologies and tools to address the 

complex impacts of earthquakes on vulnerable communities through a concept called “consequence–

based risk management.” Its approach is based on innovative and integrated application of its 

disaster impact assessment, mitigation, response, and recovery developments. The MAE Center has 

achieved major developments in engineering, social, and economic sciences, with new products 

coordinated into its MAEviz, an earthquake impact assessment and decision-making software 

package developed by the Center (http://mae.cee.uiuc.edu/software_and_tools/maeviz.html). 

 

Hybrid Structure Simulation and Data Display and Sharing Tools 

As a part of NEES operations, the NEES Consortium, Inc. (NEESinc) continued to push the 

forefront of experimental testing with development and improvement of the experimental 

infrastructure through new telepresence tools and hybrid simulation. New telepresence tools 

include three-dimensional viewers of experimental data developed by Rensselaer Polytechnic 

Institute and the University of California (UC)-Davis. Hybrid simulation is an experimental 

technique where a substructure is experimentally tested at full-scale, or near full-scale, while the 

remainder of the structure is simulated by computers. To date, NEESinc has developed two hybrid 

simulation software tools: SimCor 2.5, developed by the University of Illinois at Urbana-

Champaign, and OpenFresco 2.0, developed by the UC-Berkeley. 

 

 

Objective 3: Advance understanding of the social, psychological, and economic 
factors linked to implementing risk reduction and mitigation strategies in the 
public and private sectors 

Analysis of Post-Disaster Commodity Lifelines 

The NSF has supported research relevant to earthquake response in the study, “Characteristics of 

the Supply Chains in the Aftermath of an Extreme Event: The Gulf Coast Experience.” This 

multidisciplinary effort at the Rensselaer Polytechnic Institute and the University of Delaware’s 
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Disaster Research Center undertook a study to analyze the provision of supplies and aid to victims 

of the Gulf Coast after Hurricane Katrina. The findings from this collaborative team of engineers 

and social scientists indicated that supply chains were inadequate. The primary factors associated 

with the failure to deliver needed supplies, materials, and expertise included the magnitude of the 

requirements; collapse of the communication infrastructure; understaffing and lack of training; lack 

of integration between federal and state logistic systems; inefficiencies in pre-positioning resources; 

lack of planning for handling and distribution of donations; procurement; limited asset visibility; 

network visibility; and social vulnerability. The findings appear to be applicable to the post-impact 

periods of other extreme events, such as earthquakes. 

 

Improving Urban Search and Rescue Preparedness Using Simulation Technology 

Researchers from the University of Michigan and the University of Delaware have collaborated on 

a study of search and rescue activity at collapsed structures and in situations involving fire 

following earthquakes. An attempt is being made to understand patterns of collapse in relationship 

to activities undertaken by occupants to improve their chances of survival. The goal is to create 

effective tools using virtual reality visualization to train urban search and rescue personnel. In 

addition, the knowledge that is produced will be used as a basis of public education and awareness 

programs to help untrained volunteer rescuers. 

 

Measuring Cross-Community Disaster Preparedness and Resiliency 

Researchers at the University of Louisville are developing metrics for assessing community-level 

emergency preparedness and resilience. The goal is to develop a Community Disaster Preparedness 

Index (DPI) that will allow for uniform, valid, and reliable comparisons across communities with 

regard to their preparedness for managing multiple hazards, including earthquakes. In addition, the 

DPI is being developed in conjunction with the development of a Community Disaster Resilience 

Index (DRI) that will allow for comparative assessment of the potential for communities to recover 

from extreme events, such as earthquakes. The DPI and DRI indices will provide an opportunity to 

make meaningful cross-comparisons among communities regarding their emergency preparedness, 

response capabilities, and potential for recovery. 

 

The Effects on Natural Hazard Mitigation of New Urban Developments Compared to 

Conventional Low-Density Developments  

Land-use regulation and urban design are key components of nonstructural hazard mitigation 

measures. Researchers in the Department of City and Regional Planning at the University of North 

Carolina at Chapel Hill are undertaking a comparative analysis of communities that include design 

and land use patterns consistent with “New Urbanism” and those with conventional, low-density 

land use patterns. The inherent vulnerability to natural hazards, including earthquakes, of New 

Urbanism communities as opposed to conventional communities is being assessed. The extent to 

which hazard mitigation practices are integrated into site designs for New Urbanism communities, 

as opposed to conventional communities, is also being investigated. The results can have a significant 

impact upon mitigating future earthquake losses through sound land-use planning and governance. 
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Objective 4: Improve post-earthquake information management 

Learning from Earthquakes Program  

During the past 5 years, the Earthquake Engineering Research Institute (EERI), with NSF support, 

has sent teams of structural engineers, geotechnical engineers, and social scientists to the scene of 

significant earthquakes throughout the world to gather ephemeral and perishable data. Dates and 

locations of earthquakes studied were 2002 Molise, Italy; 2002 Denali, Alaska; 2003 Bam, Iran; 

2003 Colima, Mexico; 2004 Niigata, Japan; 2004–2005 Sumatra and Indian Ocean (seven teams); 

2005 Kashmir, Pakistan; 2005 Tarapaca, Chile; 2006 Hawaii; 2006 Indonesia; and 2007 Peru. 

 

Over the past 5 years, more than 680 collaborators have investigated and documented a total of 27 

earthquakes and published more than 40 articles, books, and research reports. Results are available 

at www.eeri.org/lfe.html. These investigations will provide the basic data for the Post-Earthquake 

Information Management System (PIMS) that will be developed by NEHRP in the future. 

 

Planning for a PIMS 

The American Lifelines Alliance held a forum on October 11–12, 2006, at the American Institute of 

Architects headquarters in Washington, D.C. The forum, attended by over 50 representatives of the 

lifelines community, focused on post-disaster data collection needs for critical infrastructure lifelines 

following earthquakes and other disasters. Participants worked on the process for developing a 

framework for improving the mechanisms for the collection, management, and archiving of data on 

the performance of the built environment in natural disasters within the United States. A report of 

the forum has been completed and a follow-on event is planned for FY 2008. 

 

 

3.2  STRATEGIC GOAL B: DEVELOP COST-EFFECTIVE MEASURES 
TO REDUCE EARTHQUAKE IMPACTS ON INDIVIDUALS, THE BUILT 
ENVIRONMENT, AND SOCIETY AT LARGE 

Work under Goal B builds on the research results of Goal A to develop practical and cost-effective 

methods and measures for earthquake risk assessment and mitigation. Goal B is directly linked to 

the congressionally defined NEHRP program activity “Develop effective measures, i.e. policies and 

practices, for earthquake hazards reduction.” 

 

 

Objective 5: Assess earthquake hazards for research and practical application 

Updated National Seismic Hazard Maps  

The USGS National Seismic Hazard Mapping Project provided new hazard maps to the Building 

Seismic Safety Council (BSSC) for its consideration in the 2009 version of the NEHRP 

Recommended Provisions for Seismic Regulations for New Buildings and Other Structures (NEHRP 

Recommended Provisions). These maps will be considered for inclusion in the 2012 version of the 

International Building Code (IBC). The maps and related hazard curves were developed using the 
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best available science based on internal USGS studies and information from government agencies, 

academic institutions, and industry, including updated attenuation equations for how ground 

motions decrease with distance from faults. For the Western United States, these attenuation 

relations came from the PEER Center Next Generation Attenuation Project, funded by the NSF 

and other partners. For some measures of ground shaking, these new relations predict lower 

amounts of shaking for large earthquakes than were previously estimated. For California, the 

Working Group on California Earthquake Probabilities, based on a collaboration between SCEC, 

the California Geological Survey (CGS), and the USGS, developed a new seismic forecast model.  

 

Seismic Hazard Maps for the Seattle Urban Region 

The USGS released new urban seismic hazard 

maps for Seattle in July 2007. These maps depict 

the ground shaking at three different levels of 

probability, appropriate for assessing the hazard 

to medium-sized buildings and some bridges. 

They are the first probabilistic seismic hazard 

maps based on three-dimensional simulations of 

earthquake ground motions. Over 500 computer 

simulations of earthquakes on the Seattle Fault, 

the Cascadia Subduction Zone, the South 

Whidbey Island Fault, and background shallow 

and deep source zones were used. The detailed 

maps incorporate the amplification of ground 

shaking by the deep structure of the Seattle basin 

and the shallow layers of artificial fill, and include 

the buildup of ground shaking caused when 

earthquake rupture is directed upwards along a 

dipping fault. The maps were presented to the 

Seattle City Council and the Washington State 

Department of Transportation (WSDOT). Many 

uses have already been proposed for the maps, 

including the prioritization of seismic retrofit for 

unreinforced masonry buildings and the 

preliminary design of a major bridge project. 

 

New ShakeMaps for the 1868 Hayward  

Fault Earthquake 

New ShakeMaps that show the distribution and 

intensity of ground shaking have been developed 

for the large 1868 earthquake on the Hayward 

Fault in the East Bay region of northern 

California. The ShakeMaps are based on historical data acquired in cities in and around the Hayward 

Fault. The new data indicate that the 1868 earthquake was centered in the Hayward area and that 

 

Map showing the expected ground shaking 

due to an earthquake on the Seattle Fault. 

The map is based on a three-dimensional 

model of the regional geology and fault 

geometry. The lateral force of the ground 

shaking is given as a percentage of building 

weight. Image courtesy of USGS. 
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its magnitude was larger than previously estimated (≈M7.0). Because nearly 2 million people now 

live near the Hayward Fault, the new data clearly raise concerns. These maps will be used for 

preparedness exercises in 2008. 

 

Multi-Hazard Demonstration Project in Southern California 

As part of its Multi-Hazard Demonstration Project in southern California, the USGS will continue 

a systematic investigation of the earthquake history of the southern San Andreas Fault in 

partnership with SCEC. This analysis will contribute to an urban hazard assessment for the Los 

Angeles region to be completed in 2009. The goal of the broader Multi-Hazard Demonstration 

Project is to link research results and data with information dissemination to provide an integrated 

approach to hazards research, warning, and mitigation. This multiyear effort focuses on the eight 

counties of southern California, where catastrophic losses from natural hazards such as earthquakes, 

tsunamis, fires, landslides, and floods exceed $3 billion per year. Partners include state, county, city, 

and public lands government agencies, public and private utilities, industry, academic researchers, 

FEMA, the National Oceanic and Atmospheric Administration (NOAA), the U.S. Forest Service, 

the Bureau of Land Management, and local emergency response agencies. 

 

 

Objective 6: Develop advanced loss estimation and risk assessment tools 

Further Development of Hazards U.S.-Multihazard (HAZUS-MH)  

In 1997, FEMA produced through a contract with the National Institute of Building Sciences (NIBS), 

the prototype HAZUS97 software, a nationally applicable, standardized, computer-based disaster 

planning and analysis tool. It can be used to estimate sizes and locations of possible threats; calculate 

resulting damage and disruption; apply supporting data from varied sources; and link with other 

emergency management and planning tools before, during, and after disasters. Since then, a multihazard 

version called HAZUS-MH, has helped communities identify and plan for earthquakes by giving 

them free access to specialized databases and geographic information system (GIS)-based tools. 

 

The HAZUS-MH Earthquake Model provides estimates of damage and loss to buildings, essential 

facilities, transportation lifelines, utility lifelines, and population based on scenario or probabilistic 

earthquakes. The advanced HAZUS-MH MR2 Earthquake Model includes custom building types 

and permits importing USGS ShakeMaps and optimized software for faster performance. The new 

HAZUS-MH MR3 Earthquake Model includes adjustable population distribution parameters in the 

casualty module. The Comprehensive Data Management System allows users to update and 

manage statewide data sets, which are now used to support analysis in HAZUS-MH. 

 

In FY 2007, FEMA Headquarters and the FEMA Regions continued to actively promote and 

support state and local use of HAZUS-MH. It was used to support disaster scenarios for 

catastrophic planning exercises in the New Madrid region of the central Mississippi Valley and 

elsewhere, in preparedness training sessions and workshops, and to support the establishment and 

operation of HAZUS users groups. 
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Risk Assessment for the Northeast United States 

The Northeast States Emergency Consortium (NESEC) operates the NESEC Emergency 

Management Risk Assessment Center (NEMRAC). NEMRAC’s priority is to provide GIS and 

HAZUS-MH support to jurisdictions that do not have the resources and staff to develop HAZUS-

MH or GIS products in-house. NESEC provides links and information on obtaining GIS software 

and technical manuals on its Web site, and has recently moved its HAZUS-MH/GIS services 

request system online at www.nesec.org/resources/. NESEC is developing an online Hazard-

Resistant Building Code Database that will allow the public to determine if their community has 

appropriate building code regulations for earthquakes and other hazards. The Hazard-Resistant 

Building Code Database will be made available to the public once building code content and usage 

data are obtained. 

 

 

Objective 7: Develop tools to improve the seismic performance of buildings 
and other structures 

Building Standards and Codes: NEHRP Recommended Provisions  

The NEHRP Recommended Provisions, comprising the 

Provisions (Part 1) and Commentary (Part 2), is the 

primary resource document for the Nation’s standards 

and model codes for new buildings. Current project 

work is focused on completing the 5-year update process 

that will result in the 2009 edition of the NEHRP 

Recommended Provisions. The update features several 

significant changes that have been recommended or 

endorsed by the practitioner community. The model 

building codes have adopted by reference significant 

portions of the seismic chapters of the American Society 

of Civil Engineers (ASCE) standard, Minimum Design 

Loads for Buildings and Other Structures (ASCE 7), which 

relies heavily on the NEHRP Recommended Provisions for 

much of this material. As a result, the NEHRP 

Recommended Provisions now serves as a research-to-

practice resource document. As part of the revision process, FEMA is completely rewriting the 

Commentary so that it can better serve as a training and educational product. This collaborative 

project includes the USGS for developing new seismic hazard and design maps; the National 

Institute of Standards and Technology for reviewing drafts and performing applied research; 

earthquake professionals for providing engineering knowledge based on practical experience; and 

researchers supported by the NSF for providing basic research input. 

 

PBSD Development 

The PBSD project is a multiyear effort to develop PBSD guidelines for new and existing buildings. 

The project goal is to develop practical assessment and design criteria that enable building owners 

 

  FEMA 450 CD cover courtesy of FEMA. 
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and regulators to select desired performance levels for new construction or for upgrades of existing 

buildings that differ from the current building code-based life-safety level. 

  

The development work is being done under contract with the Applied Technology Council (ATC), 

an organization that develops engineering resources for use in mitigating the effects of natural and 

other hazards on the built environment. 

 

FEMA is now in the second year of a 5-year effort to develop the PBSD Performance Assessment 

Calculation Tool (PACT) and associated guidance. PACT will be used to evaluate the performance 

of new and existing structures by applying standard methods of structural analysis, coupled with 

structural reliability and loss estimation methods. As part of this project, FEMA has published a 

new document that provides different methodologies on how to consistently test the performance of 

building components (FEMA 461, Interim Protocols for Determining the Seismic Performance 

Characteristics of Structural and Nonstructural Components). This publication was developed with the 

three NSF earthquake engineering research centers. In the final phase of the project, PACT will be 

used as the basis for developing the PBSD guidelines. Additional information on the PBSD project 

may be found at www.atcouncil.org/atc-58.shtml.  

 

Seismic Rehabilitation of Existing Buildings Workshop 

In September 2007, more than 90 earthquake professionals participated in a NEHRP-funded 

workshop in San Francisco: Meeting the Challenges of Existing Buildings. The purpose of the 

workshop was to identify key issues and potential strategies that the NEHRP agencies can use to 

determine how best to proceed with developing new guidance for mitigating earthquake risk to 

existing buildings. A key to the success of the workshop was the involvement and participation of 

the NEHRP agencies, representatives of NEESinc, academic researchers, and other earthquake 

professionals involved in research and practice. Practitioners in engineering and other earthquake 

disciplines had the opportunity to share information and views concerning critical research 

priorities that require use of the NEES experimental facilities. The workshop was conducted as a 

joint effort by the ATC and EERI. 

 

Homebuilders’ Guide to Earthquake Resistant Design  

and Construction  

FEMA continues to promote the use of the recently updated 

FEMA 232, Homebuilders’ Guide to Earthquake Resistant 

Design and Construction. FEMA 232 includes the latest 

changes to the International Residential Code (IRC) and the 

results of the Caltech Wood Frame Buildings Project 

conducted by the Consortium of Universities for Research in 

Earthquake Engineering. FEMA 232 also presents a series 

of “above-code” recommendations that have been shown to 

improve home performance in earthquakes and increase 

chances of post-earthquake habitability. FEMA recently   

FEMA 232 cover courtesy of FEMA. 
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sent the International Code Council (ICC), a partner on the publication, 5,000 copies to distribute 

free of charge to their members. 

 

Design Manual for Architects 

EERI published FEMA 454, Designing for Earthquakes: A Manual for Architects. FEMA 454 explains 

the principles of seismic design for those without a technical background in engineering and 

seismology, practicing architects, architectural students, and faculty in architectural schools that 

teach structures and seismic design. 

 

 

Objective 8: Develop tools to improve the seismic performance of  
critical infrastructure 

Improving the Seismic Performance of Infrastructure and Critical Facilities  

In FY 2007, the Multidisciplinary Center for Earthquake Engineering Research (MCEER) 

developed the “Rehabilitation Decision Analysis Toolbox” for acute care facilities. The system is 

designed for use by hospitals as a decision-making tool on capital improvements needed to most 

effectively make them more hazard-resistant. The Center has also developed advanced systems 

analysis tools to predict the seismic resilience of power networks and water systems, and new 

materials and technologies for the seismic retrofit of pipelines, electrical transformers, buildings, 

and nonstructural building components. 

 

Pipeline Safety 

Improved seismic design of underground utility 

pipelines is needed to keep future earthquakes 

from becoming the two-stage disasters seen in 

the 1906 San Francisco and 1995 Kobe (Japan) 

earthquakes, where damage from shaking was 

followed by damage from fires that are ignited, 

fueled, or allowed to grow by ruptured gas or 

water lines. NSF-supported research using the 

NEES lifeline experimental facility at Cornell 

University has confirmed that the use of high-

density polyethylene (HDPE) pipelines, which 

are being used by industry in a growing number 

of sizes and settings, in earthquake-prone areas 

would help prevent earthquake-induced pipeline 

ruptures and their potentially catastrophic 

consequences. HDPE, a type of plastic, has 

demonstrated that it can stretch and deform 

without breaking when strained by extreme forces. This research is producing findings that can 

lead to better, more earthquake-resistant pipelines as the findings are put into practice. 

 

Overhead view of a large-scale fault-rupture test 

on a 400-mm-diameter HDPE pipeline at the 

Cornell University NEES laboratory; X’s mark 

locations of sensors. Image courtesy of  

Cornell University. 
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Multispan Bridge Safety  

With NSF support, three NEES shake tables at the University of Nevada, Reno (UNR) are being 

used to test, for the first time, the seismic performance of entire four-span bridges along with the 

performance of individual bridge components. The project is testing three models, at about one-

fourth the size of real bridges, which are made with different materials and design details. 

 

The first bridge model, a conventional reinforced-concrete structure about 33.53 meters (110 feet) 

long, was tested at UNR in February 2007. Over the next 2 years, researchers plan to test two 

more bridge models that incorporate innovative seismic-resistant features. Reinforced-concrete 

piers will be strengthened with outer layers made from fiber-reinforced polymer composites; 

columns will be made more resilient with built-in isolators designed to absorb and damp down 

seismic forces; and column-footing connections will be toughened with new “superelastic” nickel 

titanium rods and flexible concrete. 

 

 

3.3  STRATEGIC GOAL C: IMPROVE THE EARTHQUAKE 
RESILIENCE OF COMMUNITIES NATIONWIDE 

Work under Goal C transfers research results (Goal A) and development of methodologies (Goal B) 

to the support and promotion of practical implementation of earthquake risk mitigation measures. 

This goal is directly related to the congressionally defined NEHRP program activity “Promote the 

adoption of earthquake hazard reduction measures by federal, state, and local governments, national 

standards and model code organizations, architects and engineers, building owners, and others with 

a role in planning and constructing buildings, structures, and lifelines.” 

 

 

Objective 9: Improve the accuracy, timeliness, and content of earthquake 
information products 

The accomplishments described under this objective are results and products based on the regional 

and national seismic networks and data centers of the Advanced National Seismic System (ANSS). 

ANSS is described more fully in Section 3.4. 

 

ShakeCast Upgraded, User Base Expanded 

Immediately following an earthquake, the USGS prepares ShakeMaps showing the distribution and 

severity of strong ground shaking in the vicinity of the earthquake epicenter. These maps are 

posted on various Web sites for user access. The ShakeCast system, which pushes ShakeMaps results 

out to users, has been significantly updated. The system delivers to user sites estimates of ground 

motion based on ShakeMap, as well as the underlying empirical data, in formats compatible with 

user requirements. The California Department of Transportation is probably the most advanced 

user of ShakeCast. Several other entities are also in various stages of installing capabilities to receive 

and display ShakeCast, including the U.S. Department of Veterans Affairs (for its medical center 
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facilities), Sempra Energy, the Department of Water and Power with the City of Los Angeles, and 

the Los Angeles Unified School District. 

 

 

 

This schematic diagram shows how ShakeCast combines ShakeMap input data with pre-defined structure 

fragilities to produce, display, and broadcast damage estimates. Image courtesy of USGS. 

 

 

BetaPAGER Development Completed 

The Prompt Assessment of Global Earthquakes for Response (PAGER) is a new product of ANSS 

that helps emergency responders quickly gauge the impact of an earthquake disaster. PAGER 

provides, within a few tens of minutes after a large earthquake, estimates of population exposure to 

graded levels of surface shaking; these can be interpreted to indicate likely damage, depending on 

the earthquake resistance of the built environment at the earthquake site. PAGER development for 

population exposure was completed in 2007 and PAGER results are now being distributed by text 

message, e-mail, and Web pages to the public via betaPAGER. Current efforts are to translate 

shaking data and models into loss estimates. 
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Earthquake Alert Display Software Upgraded 

Upgrades were completed to the California Integrated Seismic Network (CISN) Display software 

tool, including a “kiosk mode.” The kiosk mode makes it possible to deploy the CISN Display as 

part of museum exhibits. CISN Display also now provides NOAA tsunami messages. Several 

hundred users, including seven television stations in the Los Angles area and Indian tribes in 

Washington State, are operating the software. 

 

Earthquake Early Warning Technical Tests Under Way 

The USGS has funded a 3-year project in California to test earthquake early warning (EEW) 

algorithms. The project includes testing of algorithms using data from CISN stations at UC-

Berkeley, Caltech, and the Swiss Federal Institute of Technology in Zurich, Switzerland; research 

on EEW for quakes with large ruptures at Caltech; and comparison of timelines and results from 

algorithms at SCEC. 

 

These algorithms use real-time seismic data to rapidly estimate an earthquake's location and 

magnitude, and predict the spatial distribution of shaking. EEW systems deployed in Japan and 

Mexico broadcast this information to some users before damaging waves arrive, providing precious 

seconds to prepare and mitigate loss. Tests under way will measure the precision of existing EEW 

algorithms, estimate the warning times possible for a deployed EEW system on the U.S. West 

Coast, and assess the improvements in infrastructure and processing necessary to construct an 

operational system. 

 

Notification and Analysis of Utah Mine Collapse 

On August 6, 2007, a shallow seismic event with a magnitude of 3.9 was recorded on seismic 

stations operated by University of Utah Seismic Stations (UUSS) and the USGS. The data from 

those stations were combined to locate the event in the vicinity of the Crandall Canyon Mine in the 

Wasatch Plateau coalfield, site of a tragic mine collapse that led to the deaths of several trapped 

mine workers. Seismologists at the UUSS, which operates a 180-station regional network as part of 

ANSS, and the National Earthquake Information Center (NEIC) quickly determined that the 

seismic recordings were consistent with a type of shock induced by underground mine collapse, 

rather than a natural earthquake. Because of the complexity of performing such analyses, 

seismologists at the USGS and the University of Utah then consulted with experts at the UC-

Berkeley Seismological Laboratory. A more detailed analysis, which employed long-period seismic 

waves recorded on high-quality digital seismic stations, including ones recently deployed as part of 

the NSF's EarthScope program, confirmed the initial finding. Throughout the tragic unfolding of 

events at the Crandall Canyon Mine, NEHRP scientists worked closely with their counterparts at 

the University of Utah and elsewhere to ensure that officials, the media, and the public were 

provided with the best available scientific characterization of the seismic signals generated in the 

vicinity of the mine. 
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Earthquake Notification in the Northeast United States 

NESEC, in partnership with the Massachusetts Emergency Management Agency, maintains a 

multi-state Earthquake Hazard Notification System to inform state emergency management 

agencies when earthquakes occur. In FY 2007, the system alerted officials of a dozen seismic events 

occurring in the Northeast. NESEC also created a real-time hazard maps Web site 

(www.nesec.org/hazard_maps.cfm) that provides emergency managers and the public with links to 

USGS sites, allowing them to monitor earthquakes and other hazards in real time.  

 

Operations for Monitoring Non-Seismic (Geodetic) Movement of the Earth’s Crust 

The USGS issued several 3-year cooperative agreements for continuous GPS, strain, and creep 

monitoring operations. To better understand the behavior of faults, these operators measure crustal 

deformation based on the relative movement of points on the Earth's surface related to ground tilt, 

ground strain, and fault slip (creep). Data from the studies are made available for use by the 

research community. 

 

 

Objective 10: Develop comprehensive earthquake scenarios and  
risk assessments 

Scenario Earthquake for the Southern 

San Andreas Fault 

NEHRP-supported research led an 

effort to construct a realistic scenario 

for a major earthquake on the southern 

San Andreas Fault, which last ruptured 

in the 17th century. The rupture 

scenario, completed in 2007, will be the 

basis for the 2008 Golden Guardian 

training exercise. The scenario 

earthquake, developed by a 

collaboration of USGS and university 

geologists through the SCEC 

partnership, provides a realistic 

example of a future large earthquake on 

the San Andreas Fault. The magnitude-

7.8 earthquake source extends 305 

kilometers from the Mexican border to 

north of Los Angeles, with slip 

distributed according to a model based 

upon slip rates and fault geometry 

specified by the Working Group on 

California Earthquake Probabilities. 

 

 

 

This scenario map shows the expected distribution and  

severity of ground shaking from a major earthquake on the San 

Andreas Fault in southern California. All of southern 

California would be affected by this earthquake. Image courtesy 

of the Southern California Earthquake Center at the University 

of Southern California. 
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Using the predicted fault displacements from the scenario earthquake and established 

methodologies to predict the shaking levels throughout southern California, the resulting scenario 

will allow stakeholders in the region to consider in detail the potential impact of a future “Big One” 

in California.  

 

The scenario work has highlighted significant lifeline vulnerabilities at key transportation arteries 

that cross the fault, and NEHRP researchers have been in close communication with lifeline 

operators to discuss results and concerns. The scenario earthquake source and estimates of 

resulting ground motions have already been used as the basis for a large-scale joint civil-military 

exercise, Golden Phoenix 2007, and for tabletop disaster response exercises by the City of Los 

Angeles and several area-level mutual aid first responder groups. The scenario development is 

taking place in conjunction with a major preparedness campaign, Dare to Prepare, which includes 

hundreds of partner organizations in southern California. 

 

California Catastrophic Disaster Readiness Planning 

Planning for the California Catastrophic Earthquake Readiness Response Plan (CCERRP) began in 

July 2007. The first phase will produce a Concept of Operations that will clarify authorities between 

federal and state partners, integrate the doctrine and policy of the National Incident Management 

System and California’s State Emergency Management System, and provide a statewide all-hazards 

framework for responding to a catastrophic event that exceeds California’s considerable response 

capabilities. The second phase of the CCERRP will provide a more detailed Concept of Operations 

Plan (CONPLAN) that will be based on the need to respond to a potential recurrence of the 1906 

Bay Area earthquake and resulting fires. This plan will also provide a schedule of materials needed 

by the state and will facilitate the delivery of timely assistance. On completion of the plans, FEMA 

and the California Office of Emergency Services will conduct exercises to validate them and will 

develop a CONPLAN for response to a southern California earthquake. 

 

Earthquake Disaster Planning in the Central United States 

Initiated in July 2006, the New Madrid Seismic Zone Catastrophic Planning Project will result in 

the first national plan for response to a New Madrid earthquake that integrates federal (national 

and regional), state, and local plans. The project involves unprecedented coordination, across 

government and among the agencies residing within each government level. FEMA’s Disaster 

Operations Directorate is leading, with NEHRP support, a “local-up” approach to the effort, 

focusing on state and local priorities and integrating them with federal priorities to ensure all needs 

are met. The project’s geographic scope requires consensus and close coordination among FEMA 

Headquarters (Disaster Operations, Disaster Assistance, Mitigation, and Preparedness), FEMA 

Regions IV, V, VI, and VII, and the States of Alabama, Arkansas, Kentucky, Illinois, Indiana, 

Mississippi, Missouri, and Tennessee. The national plan will serve as a baseline document for 

further development of federal, state, and local plans. 

 

Disaster planning activities of the Central United States Earthquake Consortium (CUSEC) 

increased significantly as a result of the FEMA regional catastrophic planning effort. Activities 

included integration of components of risk analysis, building science, outreach, and community 
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planning. Risk analysis projects included models for the region, seven state-specific runs, and 

numerous runs at the local level. Risk assessment also played a pivotal role in the 2007 Spills of 

National Significance exercise. CUSEC hosted planning meetings and was an active participant in 

the exercise. 

 

Earthquake Disaster Planning in the Pacific Northwest 

The Cascadia Region Earthquake Workgroup (CREW) is using the Cascadia Region Earthquake 

Subduction Zone Scenario to encourage the discussion of associated impacts and risk reduction 

measures. CREW is supporting the Pacific Northwest Economic Region and the U.S. Department 

of Transportation in their use of the CREW scenario to drive the Blue Cascades 3 and Pacific Peril 

exercises, which focus on the Interstate 5 corridor and the Pacific Coast, respectively. CREW will 

consolidate results of these efforts and develop a comprehensive statement of impact as a 

companion document to the initial scenario. In cooperation with the University of Oregon and the 

Oregon Natural Hazards Workgroup, CREW also is developing and piloting a post-disaster 

recovery forum for the coastal communities. 

 

Report to Congress on Federal Earthquake Response Plans  

FEMA is developing a report to Congress on completed and in-progress federal earthquake 

response plans and planning at the national and regional levels. The report discusses the 

relationship between all-hazards plans and hazard-specific plans; the role of federal and regional 

offices in providing a strong link between state and federal personnel who staff the plans; and the 

need to develop several layers of plans to cover all the actions necessary to assist disaster victims. 

The report also discusses planning activities at the federal and regional level, training to ensure 

plans are understood and executable, and scenario-based exercises that reveal where improvement 

is needed within existing plans. 

 

 

Objective 11: Support development of seismic standards and building codes 
and advocate their adoption and enforcement 

Support for Seismic Elements of New and Existing Building Codes and Standards  

FEMA supports a group of experts who work with NIBS to submit changes or improvements, 

developed under the NEHRP Recommended Provisions, as proposed changes to the Nation’s model 

building codes including the International Codes series of the ICC. NIBS also monitors other 

proposed changes to the codes and provides testimony during the code change process to help 

ensure the earthquake-related code provisions are not degraded. Several proposed code changes 

were approved for inclusion in the 2007 amendments to the 2006 editions of the IBC and IRC. 

NIBS was also involved in the latest revision to the National Fire Protection Association 

Publication 255 of its Manufactured Housing Installation Committee, which was successful in 

adding seismic requirements to that standard. 

 



 

28 2008 NEHRP Annual Report 

 

NEHRP Impact on the Built Environment. Image courtesy of NIST. 

 

 

FEMA has provided testimony regarding the adoption of statewide building codes in South 

Carolina and Tennessee and worked with the ICC to develop code training materials, including an 

update to the seismic design edition of the popular ICC CodeMaster series. The NIBS BSSC Code 

Resource Support Committee is updating national seismic design maps for the model codes based 

on the 2007 USGS seismic hazard maps. 

 

FEMA remains involved in the dissemination of ASCE 41-06, Seismic Rehabilitation of Existing 

Buildings. This new national performance-based consensus standard is based on FEMA 356, Pre-

standard and Commentary for the Seismic Rehabilitation of Buildings. The completion of this standard 

culminated a 20-year NEHRP-wide effort led by FEMA. In addition to the new standard, a 

supplement to ASCE 41 will soon be released that incorporates the latest research results on the 

rehabilitation of reinforced concrete structures. Using the results of recent research and analysis, 

this supplement to the standard will significantly alter controversial elements of the reinforced 

concrete provisions in FEMA 356. 
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Objective 12: Promote the implementation of earthquake resilient measures in 
professional practice and in private and public policies 

NEHRP Recommended Provisions—Training and Instructional Material 

NEHRP Recommended Provisions for New Buildings and Other Structures: Training and Instructional 

Materials, FEMA 451B-CD, was published in June 2007 in a compact disc format. FEMA 451B-CD 

contains a series of training slides and instructional material on the seismic design and construction 

of new buildings based on the NEHRP Recommended Provisions, FEMA 450, which serves as the 

basis for seismic requirements found in the Nation’s model building codes and standards. It is a 

companion product to NEHRP Recommended Provisions for New Buildings and Other Structures: Design 

Examples, FEMA 451 CD, which contains a series of sample building designs for training purposes. 

 

Earthquake Information Dissemination and Awareness  

In FY 2007, the Natural Hazards Center (NHC) at the University of Colorado 

(www.colorado.edu/hazards/) distributed its quarterly newsletter, Unscheduled Events, to more than 

16,000 subscribers. More than 3,000 individuals received its biweekly electronic newsletter. The 

NHC annual workshop each July brings together leading U.S. natural hazards researchers, policy 

makers, and practitioners. This is the major national forum for linking the producers of research 

with appropriate user communities. In FY 2007, nine other federal agencies contributed funds to 

support the NSF grant to the NHC, including FEMA and the USGS. 

 

Technical Seminars on PBSD 

EERI held the first in a series of technical seminars on “Performance-Based Earthquake 

Engineering for Structural and Geotechnical Engineers: Impact of Soil-Structure Interaction on 

Response of Structures” in Bellevue, Washington (91 attendees), Los Angeles (123 attendees), and 

San Francisco (127 attendees). Videos of the seminar presentations can be obtained, along with 

copies of each PowerPoint presentation, from the EERI Web site (www.eeri.org). Funding from 

FEMA supports EERI’s 26 student chapters located at U.S. universities. The technical seminar 

videos are made available to the student chapters free of charge.  

 

Earthquake Policy Development and Coordination in the Western United States 

In FY 2007, the Western States Seismic Policy Council (WSSPC) planned and held a joint 

conference with the ICC (September 30–October 3, 2007). Also in FY 2007, WSSPC, along with 

other earthquake organizations, initiated planning for the National Earthquake Conference to be 

held in Seattle on April 22–26, 2008. 

 

The joint publication Earthquake Hazards and Estimated Losses in the County of Hawaii, submitted by 

Hawaii State Civil Defense, the Hawaii State Earthquake Advisory Committee, and the Hawaii 

Coastal Zone Management Program, was the winner of the WSSPC 2007 Overall Award in 

Excellence. Six policy recommendations relating to tsunami notification, post-earthquake 

clearinghouses, seismic provisions in building codes, establishment of a Basin & Range Province 

Earthquake Working Group, and a post-earthquake information management system were 

proposed for adoption by the WSSPC membership at the 2007 annual conference. 
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State Earthquake Program Managers Meeting  

In FY 2007, FEMA Headquarters, the FEMA Regions, and the regional consortia continued to 

support the implementation of effective practices and policies for earthquake loss reduction at the 

state and local levels. CUSEC, in collaboration with FEMA, NESEC, and the WSSPC, developed 

the agenda for the third annual State Earthquake Program Managers meeting that was hosted by 

CUSEC and the State of Tennessee. This activity continues to be the primary source for state-level 

program managers from across the United States and the territories to exchange information and 

share program success stories as well as lessons learned. 

 

Earthquake Mitigation Training  

Through the National Earthquake Technical Assistance Program (NETAP), FEMA supports the 

development of training curricula on earthquake mitigation topics and provides courses for state 

and local officials and businesses throughout the United States. In FY 2007, there was a high 

demand for NETAP training courses, including Procedures for Post Earthquake Safety Evaluation 

of Buildings (ATC-20); Rapid Visual Screening (RVS) of Buildings for Potential Seismic Hazards 

(FEMA 154); and Earthquake Hazard Mitigation for Nonstructural Elements. Through these and 

other courses, FEMA’s training target for FY 2007 was surpassed. 

 

In FY 2007, FEMA offered a new training workshop, Earthquake Mitigation for Hospitals, which 

will serve as a model training program for hospitals on nonstructural mitigation and incremental 

building rehabilitation. The workshop was pilot-tested in St. Louis in May. Additional training was 

conducted in Missouri in July with the Department of Mental Health. FEMA also developed a new 

training course, Seismic Retrofit of Residential Structures, which will be pilot-tested in two venues 

in Oregon starting in early 2008. 

 

FEMA continued to update and maintain the NEHRP Earthquake Coordinators Web Site. This 

Web site provides state and federal earthquake coordinators with training on earthquake basics, 

hazards, risks, building techniques, advocacy and partnerships, and priorities and successful 

activities (www.training.fema.gov/emiweb/EarthQuake/welcome.htm). 

 

 

Objective 13: Increase public awareness of earthquake hazards and risk 

FEMA Web Site for Public Information and Outreach 

FEMA’s NEHRP Web site (www.fema.gov/hazard/earthquake/index.shtm), which is linked to the 

www.nehrp.gov site, includes new sections designed to inform the public, emergency personnel, 

businesses, and federal, state, and local agencies of ongoing activities in earthquake mitigation by 

all of the NEHRP agencies and their partners. FEMA continues to post NEHRP technical and non-

technical publications in PDF format and text versions on the site, including FEMA 526, 

Earthquake Safety Checklist, and FEMA 529, Drop, Cover, and Hold, both of which were translated 

into multiple languages.  
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Multilingual publication on earthquake safety 

for households. Cover courtesy of the USGS. 

Translation of Earthquake Outreach Document  

As part of a multilingual earthquake readiness 

campaign in the San Francisco Bay Area, the popular 

earthquake preparedness handbook Putting Down 

Roots in Earthquake Country was translated into 

Spanish, Chinese, Korean, and Vietnamese. With 

support from the California Earthquake Authority and 

PG&E, the USGS and FEMA partnered with the 

American Red Cross, the California Governor’s Office 

of Emergency Services, New America Media, the 

Asian Pacific Fund, KTSF 26, and 99 Ranch Market 

to develop and distribute the new guide, Protecting 

Your Family from Earthquakes. Over 700,000 copies of 

the handbooks were distributed as inserts in 22 local 

ethnic media publications during the week of the 

Chinese New Year, when families traditionally 

prepare for the next year. This release was 

accompanied by public service announcements and 

followed by town hall meetings in San Jose and San 

Francisco in March to raise earthquake awareness by ethnic communities. Since February 2007, 

these outreach efforts have resulted in requests for 100,000 additional copies. 

 

Post-Earthquake Information Clearinghouses  

Post-earthquake clearinghouses for disaster information have been implemented following major 

domestic earthquakes for several decades. The clearinghouse concept was adapted in Hurricane 

Katrina to include multiple phases, including support of immediate planning needs to assist with 

response and recovery and subsequent support of risk analysis and long-term mitigation activities. 

FEMA and the USGS are developing protocols and pre-scripted mission assignments to 

institutionalize clearinghouse events. 

 

CUSEC made significant progress in developing a post-earthquake clearinghouse protocol for the 

central United States. A special workshop brought together emergency management personnel 

with representatives from the scientific community to address the varying programmatic and 

professional needs following an earthquake and how best to coordinate that interaction. This 

workshop led to the establishment of a clearinghouse committee that will further explore the issues 

as the planning effort moves forward. 

 

Earthquake Awareness  

CUSEC coordinated and supported earthquake awareness programs in Arkansas, Indiana, 

Kentucky, Missouri, and Tennessee. Support included town hall meetings, presentations at special 

events, hosting a meeting of the Central United States Seismic Advisory Council, and displays at 

the St. Louis Children’s Museum and the “Earthquakes: Mean Business” forum, which was attended 

by more than 300 business leaders from the St. Louis area. 
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NESEC promotes multihazard preparedness and risk reduction to its member states in the 

Northeast through various media and publications. NESEC News is published quarterly and 

provides updates on new state officials and board membership, state activities, success stories, 

resources, and multihazard risk information. NESEC, which also provides links and information on 

obtaining GIS software and technical manuals on its Web site, has recently moved its HAZUS-

MH/GIS services request system online at www.nesec.org/resources/. 

 

Hayward Fault Alliance 

As part of an earthquake preparedness campaign focused 

on the hazards posed by the Hayward Fault in the east 

San Francisco Bay Area, the USGS Earthquake Program 

has partnered with many private- and public-sector 

agencies to form the 1868 Hayward Earthquake 

Alliance. The 1868 Hayward earthquake was the last 

major earthquake on the Hayward Fault and the 

Nation’s 12th deadliest earthquake. With a magnitude 

between 6.7 and 7.0, the Hayward earthquake caused 30 

deaths and produced extensive damage in San Francisco, 

San Jose, and communities in between. Recent studies 

show that the average interval between the past five 

large earthquakes on the Hayward Fault is 140 ± 50 

years. A September 2007 report by the Bureau of Labor Statistics found that over 1.5 million 

employees with a total annual wage of $100 billion work in the region expected to be most 

impacted by a Hayward Fault earthquake (based on USGS strong ground motion estimates). More 

than 125,000 residents are expected to require housing assistance after a Hayward Fault 

earthquake. Alliance members include the USGS, the CGS, UC-Berkeley, California State 

University-East Bay, the American Red Cross, FEMA, the California Earthquake Authority, the 

Governor’s Office of Emergency Services, and more than 40 other organizations. The Alliance, 

which is growing steadily, now has 55 members and an extensive Web site (www.1868alliance.org). 

There are plans to coordinate the 1868 Alliance activities with the Dare to Prepare campaign in 

southern California.  

 

Assessment of Earthquake Predictions 

The National Earthquake Prediction Evaluation Council (NEPEC) is a federal advisory committee 

that provides advice and recommendations to the Director of the USGS on earthquake predictions 

and related scientific research. NEPEC supports the Director’s delegated responsibility under the 

Stafford Act (Public Law 93-288) to issue timely warnings of potential geologic disasters. NEPEC 

met on two occasions in 2007. In Portland, the Council discussed with American and Canadian 

scientists the evidence for and nature of episodic nonvolcanic tremor and aseismic creep events in 

the Pacific Northwest and their possible relation to seismic slip on the Cascadia subduction 

interface. Since ongoing research suggests that episodes of creep may load the fault closer to failure, 

the meeting also included discussions with emergency managers on how aseismic slip events and 

other earthquake-related phenomena in Cascadia should be communicated to the public and on the 

 

USGS geologist with public officials 

describing the earthquake history of the 

Hayward Fault as revealed at an 

excavation site. Photo courtesy of USGS. 
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type of public information most appropriate and effective when episodic tremor and creep events are 

detected. NEPEC also provided oversight of the review process for the new California earthquake 

rupture forecast developed by the Working Group on California Earthquake Probabilities. 

 

 

Objective 14: Develop the Nation’s human resource base in earthquake  
safety fields 

NSF Undergraduates Program 

In FY 2007, several NSF-supported centers and 

consortia hosted summer research experiences for 

undergraduate programs; each typically involved 

10 to 20 students working at various institutions. 

This effort involved SCEC, MCEER, the MAE 

Center, NEESinc, and the PEER Center. Fourteen 

student teams competed in the Fourth Annual 

Seismic Design Competition for Undergraduates, 

jointly sponsored by the PEER Center, EERI, the 

MAE Center, and MCEER. The event, held during 

EERI’s Annual Meeting in Los Angeles in 

February 2007, was an opportunity to demonstrate 

performance-based, cost-effective seismic design for 

model structures subjected to earthquake 

simulation on a small shake table. 

 

Earthquake Science and High-Performance (Cyber) Computing 

The NSF supported SCEC to address the educational challenge of linking earthquake science and 

cyber-related career pathways through an implementation project, Advancement of 

Cyberinfrastructure Careers through Earthquake System Science (ACCESS), which is supported 

under the Cyberinfrastructure Training, Education, Advancement, and Mentoring for Our 21st 

Century Workforce program. The objective of ACCESS is to provide a diverse group of students 

with research experiences in earthquake system science that will advance their careers and 

encourage their creative participation in cyberinfrastructure (CI) development. Its overarching goal 

is to prepare a diverse, CI-savvy workforce for solving the fundamental problems of system science. 

ACCESS will encourage women and students from underrepresented and disadvantaged groups to 

achieve advanced degrees through CI-related research and will guide them toward faculty positions. 

 

USGS Post-Doctoral Program 

In FY 2001, the USGS began a program of competitive opportunities for post-doctoral research in 

the various areas being addressed by its geology programs. Called Mendenhall Fellowships in 

honor of the Survey’s fifth Director, these appointments are for 2 years and provide salary and 

support for research equipment, data, and fieldwork. Since 2001, 12 scientists have received 

Grade-schoolers learn about earthquakes 

during a visit to the National Earthquake 

Information Center. Photo courtesy of USGS. 
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Mendenhall Fellowships to work at the USGS on research problems in earthquake fields related to 

the USGS role in NEHRP. 

 

 

3.4  DEVELOP, OPERATE, AND MAINTAIN NEHRP FACILITIES 

Public Law 108-360 requires that NEHRP “develop, operate, and maintain” certain facilities essential 

to the NEHRP mission. These facilities are ANSS, NEES, and the Global Seismographic Network 

(GSN). Reports on the activities and status of these facilities during FY 2007 are given below. 

 

 

Advanced National Seismic System  

ANSS is a national effort led by the USGS to integrate, modernize, and expand seismic monitoring, 

data analysis, and earthquake notification in the United States. It is based on the cooperative efforts 

of national and regional earthquake monitoring networks and data analysis centers, including the 

National Earthquake Information Center (NEIC), which is located in Golden, Colorado. By the end 

of FY 2007, the ANSS had grown to 784 stations—about 11 percent of the planned 7,100-station 

network. Dense urban instrumentation has been installed in 5 of 26 at-risk urban centers, and a 

wide range of products is produced and distributed to stakeholders and the public. ANSS ShakeMaps 

are seamlessly integrated into FEMA loss estimates, forming the basis for earthquake disaster 

declarations. ANSS data are channeled to the NOAA Tsunami Warning Centers and to scientific 

and engineering data centers, enabling engineers to improve building design standards and 

engineering practices to mitigate the impact of earthquakes. 

 

At the NEIC, performance has dramatically improved since the beginning of 24-7 operations in 

January 2006, and has further improved as upgrades have been implemented. For significant 

earthquakes, analyst-reviewed information on location and magnitude is now distributed in less 

than 20 minutes following earthquake occurrence, an improvement of 50 percent or more from past 

years. Comprehensive performance standards were set for ANSS this year, which include minimum 

targets for product delivery timeliness and content, accuracy, and communications. Separate targets 

are established for the Nation’s high-risk urban areas, high-hazard regions, the country as a whole, 

and areas outside of the United States.  

 

In 2007, ANSS was reviewed by the Investment Review Board of the Department of the Interior 

(DOI). Among 60 major information technology investments, ANSS ranked highest for business 

value to the mission of the USGS and DOI and lowest for implementation and operational risk. 
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This map shows the stations of the ANSS “Backbone” seismic network, which is largely complete and supports 

the uniform monitoring and real-time reporting of larger earthquakes in the U.S. The completion of this 

“Backbone” element of ANSS was possible through partnerships with NSF, NOAA, the U.S. Air Force, and 

academic institutions. In high hazard areas of the country (background map), the Backbone is supplemented by 

dense regional networks, which remain to be modernized under ANSS. Image courtesy of USGS. 

 

 

New National Center for Engineering Strong Motion Data  

The USGS and the CGS have established a cooperative U.S. National Center for Engineering 

Strong Motion Data (NCESMD), co-hosted by the CGS and the USGS at 

www.strongmotioncenter.org. The NCESMD integrates earthquake strong-motion data from the 

Strong Motion Instrumentation Program of the CGS and the USGS National Strong Motion 

Project (NSMP) of ANSS. In addition, the NCESMD will assimilate the Virtual Data Center (VDC) 

developed at UC-Santa Barbara with support from the USGS, SCEC, the NSF, and the Consortium 

of Strong Motion Observation Systems. The NCESMD Web site provides Internet Quick Reports 

Background:  
Peak ground acceleration having a 2% probability  
of exceedance in 50 years. For more information, see 
http://earthquake.usgs.gov/research/hazmaps/ 

ANSS Backbone stations operated by USGS 

USArray stations upgraded by Earthscope for NSF, operated by USGS 

USArray stations contributed by Earthscope for NSF, operated by USGS 

Global Seismographic Network stations, operated by USGS and IRIS 

Stations operated by ANSS partners, data contributed to USGS 

version 02/08/07 11 am 

Station Legend 

ANSS BACKBONE NATIONAL NETWORK 
Status February 2007 
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(IQR), an archive of previous IQRs, and a search engine. The IQRs, which continue to provide the 

most current strong motion data of engineering significance, are intended primarily for post-

earthquake response and analyses. The first version of an IQR is usually released within a short 

time (the goal is less than 30 minutes) after an event, and the IQR is updated as additional data are 

received. A new interactive map feature allows users to view a map of epicenters and strong motion 

stations using features of the GoogleMaps Web service. By incorporating the VDC, the NCESMD 

will provide users with a convenient one-stop portal to both U.S. and significant international 

strong motion data. 

 

Activities and progress of the various ANSS regions in FY 2007 are reported below. 

 

 

Alaska 

A new ShakeMap system is in the final stages of testing at the Alaska Earthquake Information 

Center (AEIC). A ShakeMap is generated and posted on the AEIC Web site a few minutes after an 

eligible event is recorded in the database. Overall, there are 7 strong motion, 63 broadband, and 21 

broadband+ strong-motion stations contributing into ShakeMap generation at the AEIC. USGS 

stations located in Anchorage are also automatically incorporated into the ShakeMap production. 

The AEIC has now incorporated about 120 GSN stations into routine earthquake processing. This 

considerably improves regional processing by eliminating teleseisms from falsely building into 

regional events. Eleven new stations were installed, including 8 of 11 planned stations along the 

Trans-Alaska Pipeline. Threshold alarms are now being implemented for the Pipeline project. 

 

 

California 

In FY 2007, the ANSS CISN upgraded five analog stations to digital instrumentation with tri-axial 

accelerometers, converted one USGS National Strong Motion station to continuous recording, and 

upgraded seven stations to digital telemetry. Seismic data from PG&E’s network around Diablo 

Canyon was integrated into the Northern California Seismic Network (NCSN) in October 2006. In 

addition, all historic PG&E parametric data were merged with the NCSN phase data and imported 

into the Northern California Earthquake Data Center (NCEDC) for public use. Real-time 

waveforms from several of the stations are also transmitted to southern California. In January 2007, 

PG&E began a project to upgrade its analog seismic stations to digital recording. It has completed 

the upgrade of six stations, all of which have three acceleration channels and three velocity 

channels. The data from these upgraded stations are immediately integrated into the NCSN and are 

used in all CISN products including ShakeMap. 

 

The Southern California Seismic Network (SCSN) and SCEC installed two new transportable 

stations that transmit real-time data to Pasadena. These stations would be used in post-earthquake 

response and moved quickly from their existing location to new locations where large aftershocks 

are expected. In cooperation with the CGS, four strong motion stations along the central San 

Andreas Fault Zone were upgraded and integrated into SCSN. Southern California also installed 

three new stations jointly with USArray, which will continue to operate long-term as part of the 
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SCSN/CISN. The CISN also completed the transition statewide to new CISN earthquake 

processing software. 

  

CISN partners are now working with private companies to assist with seismic monitoring near 

geothermal plants. A link was established to the earthquake recording system operated by 

Lawrence Berkeley National Laboratories for the Calpine Corporation at The Geysers geothermal 

field. This network consists of 23 digital stations with tri-axial velocity sensors digitized at 500 

samples per second. The integration of Calpine data into CISN operations enables the NCSN to 

more accurately locate earthquakes at The Geysers geothermal field. It allows Calpine to put its 

data into the public domain and relieves them of the need to process and archive the data. It 

eliminates redundant and discrepant information about earthquakes, which may confuse the public. 

Finally, it makes an interesting data set available at the NCEDC to seismologists who study 

triggered earthquake activity, induced seismicity, and geothermal reservoir stimulation. In 

southern California, work began to integrate eight new stations in the CalElectric Imperial Valley 

geothermal field. 

 

 

Hawaii  

The USGS NSMP has completed an upgrade of additional stations on Hawaii Island (Hawaii 

County) to dial-up communications. There are now 23 NSMP sites in Hawaii County, including a 

12-channel building array in Hilo. Of five NSMP stations in Maui County (populated islands of 

Maui, Molokai, and Lanai), three on Maui are now dial-up. Four stations on Oahu (City and County 

of Honolulu) remain to be upgraded. The ShakeMap home page has been updated to directly link to 

Hawaii ShakeMaps, which were previously available only as “Global” events. Hawaii has also begun 

to investigate and plan presentation of ShakeCast to potential users in the region. 

 

The USGS NEHRP Coordinator convened a committee to assess USGS seismic network 

capabilities in Hawaii. In part, this was in response to the October 2006 damaging earthquakes that 

occurred beneath the northwest coast of Hawaii Island. The committee included scientists from the 

USGS Earthquake and Volcano Hazards Programs and the Pacific Tsunami Warning Center 

(PTWC). A report submitted to NEHRP includes recommendations for improving implementation, 

operations, coordination, and management. 

 

The ANSS Hawaii Regional Working Group has agreed to use the CISN organizational model and 

to form the Hawaii Integrated Seismic Network (HISN). In addition to core partners from NOAA 

and the USGS, the Hawaii State Civil Defense agency is the third founding member of the HISN. 

The HISN met for the first time in mid-October 2007. 
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Pacific Northwest 

Infrastructure upgrades are under way in the ANSS Pacific Northwest Seismic Network (PNSN), 

including upgrades to the production system running in automatic fail-over, several development 

systems, and special-purpose systems. ShakeMap generation was upgraded with improved geology, 

and results are now being evaluated; high-resolution geology for Seattle was incorporated in spring 

2007. Redundant ShakeMap computers were set up in summer 2007. A new project for the 

WSDOT, which is now operational, will send a prioritized list of 3,000 vulnerable bridges and their 

probability of damage to the WSDOT within a few minutes after any earthquake over magnitude 4. 

 

Fifteen stations of the Earthscope/USArray Transportable Array (TA) (see Section 4.1) are being 

added to PNSN operations through a Murdock Trust grant, as well as three TA stations from 

Pacific Northwest Laboratory and three stations to be acquired by the State of Oregon. This has 

allowed the PNSN “authoritative region” to be expanded to encompass the entire States of 

Washington and Oregon. The USGS also funded the Washington State Office of Emergency 

Services to provide 15 computers to local jurisdictions to run CISN Display. Six portable 

broadband instruments are now in use in a training mode, exploring uses for structural monitoring. 

Three new strong motion recording stations are also in place.  

 

 

Intermountain West 

In Idaho, the Idaho Bureau of Homeland Security and the Idaho Geological Survey have created the 

Idaho Seismic Advisory Committee to promote seismic hazard mitigation. On September 6–7, 2007, 

a meeting was held in Boise with about two dozen participants divided into four working groups, 

including one for seismic monitoring. Key recommendations from the Seismic Monitoring Working 

Group included undertaking an assessment of what is needed to meet minimum ANSS performance 

standards in Idaho; building a state funding plan to try to adopt a subset of USArray TA stations; 

improving coordination with the NEIC and training for emergency managers to understand and 

use available earthquake information products; establishing the need in Idaho for a state-funded 

earthquake seismologist; and improving seismic monitoring of rockbursts in the Couer d’Alene 

hard rock mining district in northern Idaho. 

 

The University of Utah effectively responded to the Crandall Canyon mine-collapse disaster, 

including media response, field recording, data analysis, and response to investigators. The 

University is continuing to respond to lawyers and investigators involved in formal investigations 

being made by Congress, the Mine Safety and Health Administration, and a state-appointed 

commission. A formal continuity of operations plan has been completed, and the University is also 

working with one-time funding from the state to develop redundant recording outside of the 

network operations center and back-up telemetry routing to the NEIC in case of a large Wasatch 

Front earthquake. Using state funds, a 36-channel array is being installed in the Utah State Capitol 

for seismic structural-response monitoring. 
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Northeast United States 

ANSS-Northeast is implementing the ShakeMap software at Columbia University’s Lamont-

Doherty Earth Observatory. Boston College’s Weston Observatory has developed geologic maps 

for the region to obtain soil amplification. Studies of the 2006 Maine earthquake sequence have 

helped delineate the structure upon which that earthquake sequence took place. The Roundtable of 

ANSS-Northeast Stakeholders was held September 17–18, 2007, at the Boston College Conference 

Center. There were 38 participants, including representatives from most of the 12 states in the 

region. Attendees included state geologists, emergency managers, earthquake engineers, 

seismologists, federal representatives, and private industry.  

 

 

Central United States 

A borehole seismic array was installed on the east bank of the Mississippi River near the Interstate 

40 crossing in downtown Memphis. The array consists of three broadband and three strong motion 

channels at the surface, 31-meter depth, and 62-meter depth. The array is currently in local triggered 

mode only. An agreement was entered into with the Tennessee Department of Transportation 

(TDOT) to send data back to the University of Memphis Center for Earthquake Research and 

Information via the TDOT “Smart Highway” wireless/fiber network (scheduled for 2008). 

 

 

George E. Brown, Jr. Network for Earthquake Engineering Simulation  

On September 30, 2004, NEES completed its 5-year, $82 million major research equipment and 

facilities construction. The 15 NEES experimental facilities, located at academic institutions across 

the United States, include shake tables, geotechnical centrifuges, a tsunami wave basin, large strong 

floor and reaction wall facilities with unique testing equipment, and mobile and permanently 

installed field equipment. Through the NEES information technology CI, these 15 experimental 

facilities are linked via the Internet2 grid, forming the world's first prototype of a distributed “virtual 

instrument,” and can be connected with similar facilities worldwide to harness the best talent 

globally for earthquake engineering research. 

  

NEES operations and use of its facilities for research and education began on October 1, 2004, 

under management by NEES Consortium, Inc. (NEESinc), located in Davis, California. NEESinc is 

a nonprofit organization that works in partnership with the 15 universities to operate the NEES 

experimental facilities and CI. NEESinc manages NEES as a national, shared-use resource for 

research and education for the earthquake engineering community and schedules access to the 

experimental facilities. NEESinc also provides the system-wide information technology infrastructure 

of NEES, including repositories for NEES data and simulation tools; manages an education, outreach, 

and training program; and fosters linkages and partnerships with federal, state, and local government 

entities, national laboratories, the private sector, and international collaborators. During the 

summers of 2006 and 2007, NEESinc ran research experiences for undergraduate programs that 

gave students the opportunity to work at the NEES experimental facilities (www.nees.org). 
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NEES provides unique opportunities to 

pursue the high-priority research outlined 

in the 2003 National Research Council 

report, Preventing Earthquake Disasters—

The Grand Challenge in Earthquake 

Engineering; to demonstrate the validity of 

seismic design and rehabilitation concepts; 

to speed the transfer of research into 

seismic design guidelines and specifications; 

and to develop well-informed disaster 

preparedness and recovery strategies. The 

NEES infrastructure (experimental facilities 

and CI) facilitates a variety of innovative 

experimental approaches that are leading to 

a better understanding of how the built 

environment, e.g., buildings, bridges, utility 

systems, coastal regions, and geomaterials, 

performs during seismic events. Through 

four annual program solicitations and the 

Small Grants for Exploratory Research 

program, the NSF has funded over 40 

research projects to apply the NEES 

facilities to study soil foundation and 

structure interaction; seismic performance 

of foundations, lifelines, and reinforced 

concrete, masonry, wood, and composite 

structures; behavior of steel frames with 

innovative bracing schemes; seismic design 

of nonstructural systems; seismic risk 

mitigation of ports; and the seismic 

performance of bridge systems with 

conventional and innovative materials. 

Many of these projects include practitioner 

and industry partners to help design 

experimental and analytical investigations 

and to speed technology transfer. NEES 

also provides national resources for 

developing, coordinating, and sharing new 

educational programs and materials to train 

the next generation of the earthquake 

engineering workforce. 

 

 

The NEES Nonstructural Component Simulator. Image 

courtesy of the University at Buffalo’s Structural Engineering 

and Earthquake Simulation Laboratory (SEESL). 

 

Model bridge tested at the University of Nevada, Reno (UNR) 

NEES facility, February 2007. Image courtesy  of UNR. 
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Global Seismographic Network  

The GSN is a worldwide network of seismic recording stations with standardized instrument 

design, data format, and communication protocols. The GSN is a joint program implemented by the 

USGS through its Albuquerque Seismological Laboratory and the NSF through Incorporated 

Research Institutions for Seismology and the Institute of Geophysics and Planetary Physics of the 

University of California. 

 

 

New GSN Stations  

In FY 2007, the number of GSN stations increased from 141 to 147. In the Republic of Kiribati, a 

new station was installed on Tarawa Island; the GSN station on Christmas Island was restored to 

an operational status; and with the assistance of the U.S. Coast Guard, equipment was pre-deployed 

to the atoll of Kanton in anticipation of installation in the fall 2007. A new GSN station was also 

installed at Ambohimpanompo, Madagascar. In other areas, equipment to reinstall the station on 

Wake Island (destroyed by a hurricane last year) has been shipped. Site work has started on new 

stations in Baja California, the Canary Islands, and the United Arab Emirates. These stations will 

be operational early in 2008. Field teams also performed maintenance on stations in Chile, Ecuador, 

Mali, Ethiopia, the Cook Islands, the Solomon Islands, Texas, and elsewhere. 

 

 

Caribbean Seismic Network Expansion (a GSN Affiliate Network) 

Of nine stations planned for the Caribbean Seismic Network, seven were fully installed and 

operating by the end of 2007. These stations are located at sites in Antigua/Barbuda, the U.S. naval 

base at Guantanamo Bay; the Dominican Republic; Grenada, Barbados; Honduras; and Panama. All 

seven are transmitting real-time data that have been integrated into NOAA tsunami warning 

centers and USGS/NEIC operations. Equipment was shipped for the remaining two stations of the 

Caribbean Network (Jamaica and Turks and Caicos), which are expected to transmit data by the 

end of 2007.  

 

 

Real-Time Data Communications Upgrades 

NEHRP continued to expand and improve telemetry to GSN stations. Improved communications 

capabilities have been achieved at 36 of 39 planned sites. At 21 sites, bandwidth has been enhanced 

by upgrade of the VSAT system supported by the Comprehensive Test Ban Treaty Organization; 

an additional 8 sites have new communications links and 4 sites of the Pacific satellite system were 

installed. The USGS and NOAA are collaborating for the upgrade of telemetry from stations to 

PTWC and onward to the NEIC. NOAA and the USGS added five stations to the satellite 

communications system in 2007 and will add two additional stations by 2008. 
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Related Activities  
Supporting NEHRP Goals 

 

Public Law 108-360, the Earthquake Hazards Reduction Program Reauthorization Act of 2004, 

requires that the annual report to Congress include a description of activities being carried out by 

the National Earthquake Hazards Reduction Program (NEHRP) agencies that contribute to 

NEHRP goals but are not officially included in the Program. Highlights of these programs and 

activities are described below. 

 

 

4.1  EARTHSCOPE  

EarthScope is a multipurpose array of instruments and 

observatories that will greatly help to advance 

understanding of the structure, evolution, and dynamics 

of the North American continent. The program, which is 

supported by the National Science Foundation (NSF) in 

partnership with the U.S. Geological Survey (USGS), 

the National Aeronautical and Space Administration 

(NASA), and academic institutions, provides an 

integrative framework for research on fault properties 

and the earthquake process, strain transfer, magmatic 

and hydrous fluids in the crust and mantle, plate 

boundary processes, large-scale continental deformation, 

continental structure and evolution, and composition 

and structure of the deep-Earth. In addition, EarthScope 

offers a centralized forum for earth science education at 

all levels and an excellent opportunity to develop 

cyberinfrastructure (CI) to integrate, distribute, and 

analyze diverse data sets. 

 

The primary elements of the program are the San Andreas Fault Observatory at Depth (SAFOD), 

the Plate Boundary Observatory (PBO), and the USArray. These components are constructed, 

operated, and maintained as a collaborative effort with UNAVCO, the Incorporated Research 

Institutions for Seismology, the USGS, NASA, Stanford University, and several other national and 

international institutions. In 2007, the deployment of instrumentation included approximately 870 

 

SAFOD drill rig, July 2004. Photo 

courtesy of EarthScope-SAFOD. 

Chapter 
 

4 
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Global Positioning System (GPS) instruments, 485 seismometers, 35 strain meters, and 108 

magnetotelluric instruments. 

 

 

San Andreas Fault Observatory at Depth  

Phase 3 of the SAFOD drilling program began in the summer 2007. This stage involves multiple 

drillings from the main hole to obtain continuous cores within the San Andreas Fault Zone. 

Researchers have retrieved 10.67 meters (135 feet) of rock core across the actively slipping fault 

zone at a depth of 2.2 kilometers. Researchers hope to use the core to address several outstanding 

questions about the fault’s properties and materials, as well as earthquake generation. These questions 

include how the mechanics of the creeping section of the San Andreas Fault differ from those 

sections that cause episodic, large earthquakes, and how different minerals facilitate motion along the 

fault interfaces. The science team will install a host of seismic instruments in the 4.02 kilometers 

(2.5-mile)-long borehole that runs from the Pacific Plate on the west side of the fault into the North 

American Plate on the east. By placing sensors next to a zone of small repeating earthquakes, 

scientists will be able to observe the earthquake generation process in unprecedented ways. 

 

SAFOD has drilled into this fault zone to 

study the physics of earthquake 

nucleation and rupture and determine the 

composition, physical properties, and 

mechanical behavior of an active, plate-

bounding fault at seismogenic depths. 

SAFOD, which is located near Parkfield, 

California, penetrates a section of the fault 

that is moving through a combination of 

repeating microearthquakes and fault 

creep. Earlier drilling in the summer 

2004 and 2005 went down vertically to a 

depth of 1.5 kilometers and then deviated 

to penetrate the active San Andreas Fault 

Zone at a vertical depth of about 2.7 

kilometers. In the summer 2007, cores 

were acquired from holes branching off 

the main SAFOD borehole to directly 

sample fault and country rocks at depth. 

The observations from these holes define 

the San Andreas Fault Zone as relatively 

broad (around 250 meters), containing 

several discrete, actively creeping shear 

zones that were targeted for coring. The 

occurrence of the mineral serpentinite in 

Schematic cross section of the San Andreas Fault Zone at 

Parkfield, showing the SAFOD drill hole and a pilot hole 

drilled in 2002. Red dots in holes show sites of monitoring 

instruments; white dots represent area of persistent minor 

seismicity. Illustration courtesy of Stanford University. 



 

Chapter 4: Related Activities Supporting NEHRP Goals 45 

the actively deforming zones is particularly significant because it is widely regarded to be 

important in controlling frictional strength and the stability of sliding. The core samples will be 

extensively tested in the laboratory to study the composition, deformation mechanisms, physical 

properties, and rheological behavior of fault rocks from the active traces of the San Andreas Fault at 

realistic in-situ conditions. The results provide realistic values for use in computer models of 

earthquake processes. 

 

 

Plate Boundary Observatory  

The PBO is the geodetic component of EarthScope that will facilitate the study of deformation 

across the active plate boundary zone between the Pacific and North American Plates along the 

western United States. From January 14, 2007, to February 1, 2007, GPS, strain-meter, and seismic 

instrumentation captured an episodic tremor and slip (ETS) event which began under the southern 

Puget Sound area to the southwest of Seattle and propagated north northwest into Vancouver 

Island, Canada, at a rate of 10 kilometers per day. Researchers estimate that enough energy was 

released in this 3-week episode to equal a magnitude 6.6 earthquake. These ETS events can affect 

the magnitude and timing of future large earthquakes within the subduction zone and thus are 

important in advancing understanding of seismic hazards in the region. 

 

Data collection for the GeoEarthScope Northern California Light Detection and Ranging (LiDAR) 

project concluded in April 2007. This section of the San Andreas Fault lies within the greater San 

Francisco Bay Area, making it among the most important in the United States in terms of seismic 

hazard. LiDAR is particularly useful for imaging the region because of the forest cover that 

hampers other imaging techniques. Over the course of several weeks, approximately 1,400 square 

kilometers of EarthScope targets were imaged as well as supplementary targets for the USGS. 

Between this project and the NSF-funded B4 project, the entire San Andreas Fault system, along 

with many other important adjacent faults and structures, have now been imaged with high-

resolution airborne LiDAR.  

 

 

USArray 

Under USArray, permanent seismic stations have been installed in partnership with the USGS to 

help complete an equally spaced network of seismic stations that can detect and record earthquakes 

of magnitude 3.0 or greater across the United States. Intermediate-term (up to 2 years) and short-

term Transportable Array (TA) stations are providing even more detailed earthquake, earth 

structure, and ground shaking information. 

 

Installation of the TA network is complete in California, Oregon, Washington, and Nevada, with 

stations located approximately 70 kilometers apart in a gridlike fashion. Coverage is nearly 

complete in Arizona, with installation of only a few more stations required. While construction 

crews have been busy in Idaho, Utah, and western Montana, site reconnaissance activities are in full 

swing in New Mexico, Colorado, Wyoming, central and eastern Montana, and in the Big Bend area 
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of Texas. For the third year in a row, student teams from local universities were trained to perform 

analytical and field activities to select suitable locations for future seismic stations. In the summer 

2007, more than 150 sites were successfully identified by eight ambitious teams from Colorado 

College, the University of Wyoming, Montana Tech, and the University of Texas-El Paso. 

 

 

4.2  SUBCOMMITTEE ON DISASTER REDUCTION   

Many federal agencies play important roles in reducing the effects and impacts of natural hazards. 

The White House National Science and Technology Council’s Committee on Environment and 

Natural Resources, Subcommittee on Disaster Reduction (SDR) provides coordination for the full 

spectrum of science and technology contributions to disaster reduction. The SDR is charged with 

establishing national goals for federal science and technology investments in disaster reduction. In 

support of this mission, the SDR provides a senior-level interagency forum to leverage expertise, 

inform policy makers, promote technology applications, coordinate activities, and promote 

excellence in research and development. NEHRP agencies are all actively involved in SDR 

activities and serve as the focal point for earthquake-related topics, ensuring coordination between 

NEHRP and the broader federal enterprise. 

 

 

4.3  INTERNATIONAL ACTIVITIES 
 

U.S.-Japan Program on Natural Resources 

In 1964, the United States and Japan established the bilateral U.S.-Japan Program on Natural 

Resources (UJNR) to promote bilateral cooperation in research and data exchange. Today, the 

UJNR involves 18 U.S. agencies and 10 Japanese agencies. The NEHRP member agencies play 

important roles in the UJNR panels on wind and seismic effects and on earthquake research. The 

U.S. sides of the panels are chaired by the National Institute of Standards and Technology and the 

USGS, respectively. 

 

 

U.S.-Japan Panel on Wind and Seismic Effects 

The work of this Panel has resulted in improved building and bridge standards and codes and 

design and construction practices in hydraulic structures in both countries. The Panel’s work 

involved exchanging guest researchers who performed short- and long-term joint cooperative 

research assignments, visiting major public works construction projects that employ innovative 

civil engineering techniques and research laboratories with unique test and measurement 

capabilities, and performing joint post-disaster surveys. The Panel’s accomplishments serve as 

technical bases for improving seismic design and construction practices by advancing retrofit 

techniques for bridge structures, addressing shake table modeling and simulation of nonlinear 

problems, assessing earthquake risk of dams, testing seismic performance guidelines for bridge 

piers, and jointly conducting full-scale column tests at the National Research Institute for Earth 
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Science and Disaster Prevention’s (NIED) 3-D Full-Scale Earthquake Testing Facility (E-Defense) 

in Miki, Japan. Other activities have included producing full-scale test data that advance seismic 

design standards for buildings, advancing technology for repairing and strengthening reinforced 

concrete, steel, and masonry structures, improving in-situ measurement methods for soil liquefaction 

and stability under seismic loads, and creating a database comparing Japanese and U.S. standard 

penetration tests to improve prediction of soil liquefaction. 

 

 

U.S.-Japan Panel on Earthquake Research  

The UJNR Panel on Earthquake Research promotes advanced research toward a more fundamental 

understanding of earthquake processes and hazard estimation. The Panel promotes basic and 

applied research to improve our understanding of the causes and effects of earthquakes and to 

facilitate the transmission of research results to those who implement hazard reduction measures. 

The sixth Panel meeting was held in Tokushima, Japan, in November 2006. The meeting included 

very productive exchanges of information on approaches to systematic observation of earthquake 

processes. Sixty-eight technical papers were presented during the meeting on a wide range of 

subjects, including interplate earthquakes in subduction zones, slow slip and nonvolcanic tremor, 

crustal deformation, recent earthquake activity, and hazard mapping. Through discussions, 

scientists from the two nations reaffirmed the benefits of working together to achieve a common 

goal of reducing earthquake hazard, continued cooperation on issues involving densification of 

observation networks, and the open exchange of data among scientific communities. Participants 

also reaffirmed the importance of making information public in a timely manner. The Panel visited 

sites along the east coast of Shikoku that were inundated by the tsunami caused by the 1946 Nankai 

earthquake, hearing from survivors of the disaster and seeing new tsunami shelters and barriers. 

They also visited the Median Tectonic Line, a major onshore strike-slip fault on Shikoku. 

 

 

U.S.-China Cooperation in Earthquake Studies 

In fiscal year 2007, there were numerous bilateral interactions between U.S. and Chinese 

investigators covering earthquake hazard reduction topics. Common interests included enhanced 

seismic and GPS monitoring, improved rapid notification, research, and public education. A 

highlight of the year was a visit in May 2007 to the China Earthquake Administration in Beijing by 

a 17-person U.S. delegation led by representatives of the NSF and the USGS. The purpose of this 

visit was to review progress achieved in past bilateral activities and to plan new joint work. The  

3-day meeting was attended by leading Chinese earthquake scientists and administrators, and 

included a visit to newly established research and seismic monitoring facilities in Beijing. An 

outcome of the visit was the decision to hold an open, 4-day bilateral workshop in the United States 

in May 2008 on recent progress in earthquake studies. This workshop will be cosponsored by the 

NSF and the USGS. There are numerous ongoing bilateral activities as well. Prominent examples 

of these are the exchange of broadband seismic data (unfortunately not in real time) and GPS 

processed data. Such data are critical to understanding the current tectonics of China. There is 

increased interest in Chinese strong motion data by U.S. investigators, and these data are being 
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made available. All U.S. seismic and GPS data are available to the Chinese (and the world) and 

much of the U.S. seismic and GPS data are available in real time. The future of U.S.-China bilateral 

activities in earthquake studies is certain to be characterized by a rapid expansion and deepening of 

cooperation. A major factor driving this expanded cooperation is the large fiscal investment being 

made by the Chinese in their monitoring systems, research facilities, and staff. 

 

 

Seismic Hazard Assessment for Afghanistan 

The Islamic Republic of Afghanistan is located in a geologically active part of the world, and each 

year the country is struck by moderate to strong earthquakes. Every few years, a powerful 

earthquake causes significant damage and/or fatalities. As Afghanistan rebuilds following decades 

of war and strife, new construction and development should be designed to accommodate the strong 

shaking and related hazards posed by strong earthquakes. To assist in the reconstruction efforts, the 

USGS has developed a preliminary earthquake hazard map of Afghanistan, which incorporates data 

from thousands of historical earthquakes, information about active faults, and models of how 

earthquake energy travels through the Earth’s crust to define expected levels of ground shaking 

throughout the country (http://pubs.usgs.gov/of/2007/1137/). 

 

Even though the seismic hazard map is preliminary, it provides government officials, engineers, and 

private companies interested in investing in Afghanistan’s growth with crucial information about 

the location and nature of seismic hazards; this information allows them to make informed decisions 

about the designs and locations of critical structures such as power plants, dams, pipelines, 

hospitals, and similar facilities. 

 

The map was formally released on May 30, 2007, at a ceremony and news conference at the 

Afghanistan Embassy in Washington, D.C., where Ambassador H.E. Said Tayeb Jawad presided 

over the event. 

 

In 2007, the USGS, in cooperation with Kabul University and the Afghan Geological Survey, 

reestablished the Kabul seismic station (KBL) after a 20-year hiatus. This broadband station is one of 

a few modern seismograph stations in the region, and data from it provide important new details 

about the location, size, and depth of earthquakes throughout Afghanistan and southern Asia.  

Real-time data from the KBL station is an integral part of the USGS’s Global Seismographic 

Network (GSN). 

 

 

NEES/E-Defense 

The George E. Brown, Jr. Network for Earthquake Engineering Simulation (NEES) is leveraging 

and complementing its capabilities through connections and collaborations with large testing 

facilities at foreign earthquake-related centers, laboratories, and institutions. The NSF and the NEES 

Consortium, Inc. (NEESinc) have recently developed partnerships to utilize the NEES infrastructure 

with E-Defense of NIED, which became operational in 2005. To facilitate NEES/E-Defense 
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collaboration, NEESinc and NIED signed a memorandum of understanding in August 2005. In 

September 2005, the NSF and the Japanese Ministry of Education, Culture, Sports, Science, and 

Technology signed a memorandum concerning cooperation in the area of disaster prevention 

research. Through such partnerships and joint meetings and workshops, NEES shares its expertise 

in testing and CI, provides specialized training opportunities, and coordinates access to unique 

testing facilities and the central data repository. Five NSF-supported research projects addressing 

the seismic performance of bridge columns, mid-rise wooden buildings, steel frames, and base-

isolated structures will utilize both NEES facilities and E-Defense in the conduct of their projects 

during the 2008–2010 timeframe. 

 

 

U.S. Contribution to GEOSS 

The GSN has been contributed by the United States to the Global Earth Observation System of 

Systems (GEOSS). GSN and International Federation of Digital Seismograph Networks seismic 

stations provide broad, extensive coverage over all continents and on oceanic islands. Data 

availability of the GSN is better than 85 percent, and more than 90 percent of stations are openly 

available in real time. Data availability in many national networks approaches 99 percent and data 

availability through the international data archiving system is rapidly improving. 

 

 

4.4  NEHRP CONTRIBUTIONS TO TSUNAMI SAFETY  
 

Tsunami Hazard Assessment for the United States 

In 2005, the U.S. National Science and Technology Council released a joint report by the SDR and 

the U.S. Group on Earth Observations, Tsunami Risk Reduction for the United States: A Framework for 

Action. The first specific action called for in the Framework is to “Develop standardized and 

coordinated tsunami hazard and risk assessments for all coastal regions of the United States and its 

territories.” The National Geophysical Data Center (NGDC) of the National Oceanic and 

Atmospheric Administration (NOAA) and the USGS partnered to conduct the first tsunami hazard 

assessment for the United States and its territories. The U.S. States and Territories National Tsunami 

Assessment: Historical Record and Sources for Waves (in press, 2007) is the first step toward a national 

tsunami risk assessment. The goal of the report is to provide a qualitative assessment of the U.S. 

tsunami hazard at the national level. 

 

The core of the assessment involved dividing the NGDC historical tsunami database based on the 

measured sea level run-up heights and the number of run-ups at each height. The second 

assessment method used USGS estimates of recurrence of possible tsunami-generating earthquakes 

near U.S. coastlines to extend the NOAA/NGDC tsunami databases back in time. Combining the 

two techniques shows that the U.S. tsunami hazard is highest for all Pacific states and possessions, 

and for those possessions in the Caribbean. The history of large run-ups causing extensive 

destruction and fatalities in Alaska (e.g. Unimak 1946, Valdez 1964) and Hawaii (e.g. Hilo 1946, 
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1960) indicate that the tsunami hazards there are very high. In contrast, hazards are low to very 

low along the Atlantic seaboard and very low for the gulf coast states. 

 

 

Global Training in Seismology and Tsunami Warning  

The Indian Ocean Tsunami Warning System development program, of which the USGS is a part, is 

beginning its closeout phase. Activities over the past 2 years have enhanced the ability of 

government agencies in the region to assess and respond to their risk from earthquake and tsunami 

hazards. These activities included (1) technical discussions with partners on warning system design, 

institutional capacity building, and system integration; (2) characterizing regional seismic hazards 

and incorporating updated hazard assessments into building codes; (3) upgrading the GPS and 

seismic network of Indonesia, including the introduction of real-time telemetry; and (4) maximizing 

and ensuring the future sustainability of the seismic and tsunami programs with regional partners. 

 

To support capacity that has expanded since the Andaman-Sumatra earthquake and tsunami of 

2004, and to build a base of expertise in seismology and tsunami warnings in countries where these 

topics were relatively new, the USGS, in partnership with the U.S. Agency for International 

Development, the United Nations Educational, Scientific and Cultural Organization’s 

Intergovernmental Oceanographic Commission, and NOAA, continued its training program in 

earthquake monitoring and tsunami warnings for national warning centers in southeast Asian 

nations surrounding the Indian Ocean region. Four courses were completed in the Indian Ocean 

region last year, training operational staff from several countries, including Thailand, Malaysia, 

Indonesia, Sri Lanka, The Maldives, and Vietnam. Additional training in observatory practice and 

data management was conducted at the USGS National Earthquake Information Center and Menlo 

Park facilities. 

 

The groundwork and knowledge base to understand and implement a warning system came to 

fruition with the performance of Indian Ocean nations in response to the magnitude 8.4 and 7.9 

southern Sumatra earthquakes of September 12, 2007. Progress in building a warning system that 

quickly and effectively alerted populations was evident and acknowledged in many newspaper reports. 

  

A region-wide Caribbean training course in seismology and tsunami warning held in July 2007 was 

hosted by the Seismic Research Unit of the University of the West Indies in Trinidad. The course 

provided training to approximately 20 to 25 scientists.  

 

 

NEES Tsunami Wave Basin at Oregon State University 

One of the 15 experimental facilities within NEES is the world-class tsunami wave basin at Oregon 

State University. This shared-use facility is currently being used by researchers from around the 

United States, through several NSF-supported research projects, to improve understanding of 

tsunami generation and impact on the built environment and to develop performance-based 

tsunami engineering. 
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State Activities to Promote 
Implementation of Research Results 

 

Through the Mitigation and Preparedness Directorates, the Federal Emergency Management 

Agency (FEMA) supports state and local efforts to reduce their risks to all hazards, including 

earthquakes. In addition to development of technical assistance and guidance documents, FEMA 

administers several competitive and formulaic grant programs, including the all-hazards Pre-

Disaster Mitigation (PDM) Grant Program for states and communities; the Hazard Mitigation 

Grant Program (HMGP), an all-hazards post-disaster grant program; and the Emergency 

Management Performance Grants (EMPG) Program, which is a FEMA program that provides 

grants to states to improve emergency management performance and is administered by FEMA’s 

Preparedness Directorate. With these grants, state and local agencies can fund planning activities 

and projects to protect their citizens from the earthquake hazard. Highlights of successful state, 

territorial, and local government efforts in support of NEHRP in fiscal year (FY) 2007 are 

described below.  

 

 

Alaska 

Education and outreach tools used by Alaska include the “Quake Cottage” earthquake simulator and 

“Earthquake-Resistant Model Home,” which support nonstructural seismic hazard mitigation and 

preparedness outreach demonstrations at statewide venues. Alaska also printed 2,000 copies of 

Molly and the Earthquake and Heidi and the Tsunami, books which tell fictional stories of a family’s 

natural hazards experience and give safety tips on what to do before, during, and after an 

earthquake or tsunami. 

 

The National Oceanic and Atmospheric Administration (NOAA), University of Alaska 

Fairbanks/Geophysical Institute (UAF/GI), and state Division of Homeland Security and 

Emergency Management sponsored tsunami inundation mapping projects for response and 

planning efforts in the communities of Homer and Seldovia. UAF/GI is researching future mapping 

initiatives for potential tsunami events in Seward, Sitka, and Valdez. 

 

Alaska continues to support the statewide post-disaster damage assessment training program using 

a modified Applied Technology Council (ATC)-20 training course managed by the Municipality of 

Anchorage’s Building Safety Officer. Alaska has approximately 650 trained and certified  

damage assessors. 

 

Chapter 
 

5 



 

52 2008 NEHRP Annual Report 

Alaska received two FEMA Pre-Disaster Mitigation-Competitive (PDM-C) grants for 2006 (funds 

were not obligated until 2007). Schools in the Kodiak Island Borough will receive seismic 

retrofitting and 10 Municipality of Anchorage schools will receive automatic gas shut-off valve retrofits. 

 

 

California 

The Earthquake Country Alliance (ECA) is a public-private partnership led by the USGS, the City 

of Los Angeles Emergency Preparedness Department, and the Southern California Earthquake 

Center. A major ECA project is the 2007 Earthquake Readiness Campaign, Dare to Prepare, to 

raise earthquake awareness and encourage earthquake readiness in southern California. 

Components of the Dare to Prepare campaign include the www.daretoprepare.org Web site; 

distribution of material such as Putting Down Roots in Earthquake Country; hosting local public 

events; and planning the 2008 Great Southern California Shakeout, a regional public earthquake 

exercise. A second major ECA activity is the Southern San Andreas Fault Evaluation (SoSAFE) 

project. The objective of SoSAFE is to obtain new data to clarify and refine relative hazard 

assessments for each potential source of a future “Big One.” The first SoSAFE workshop, held on 

January 9, 2007, marked the sesquicentennial of the great 1857 Fort Tejon earthquake. A reenactment 

of the 1857 event will be part of the 2008 Great Southern California Shakeout disaster exercise. 

 

The Northern California 1868 Hayward Earthquake Alliance is planning activities to commemorate 

the 140th anniversary of the 1868 Hayward earthquake. The Alliance’s goals include raising public 

awareness of the imminent hazard posed by the Hayward Fault and reducing its risk to Bay Area 

residents, communities, and businesses. More information is available at www.1868alliance.org.  

 

 

Hawaii 

On October 15, 2006, a magnitude 6.7 earthquake struck the northwest coast of the Island of 

Hawaii. The Kiholo Bay earthquake caused severe damage, particularly to the port facilities at 

Kawaihae Harbor. Given the vulnerability of the port to seismic events and its importance to the 

economic viability of the island, FEMA Region IX initiated an evaluation of the damage to the port 

and an assessment of potential mitigation measures. The assessment will provide recommendations 

to reduce the risk of damage to Kawaihae Harbor and to similar ports in the Pacific. The Kawaihae 

Harbor evaluation report will be finalized in early 2008. 

 

The magnitude 6.7 earthquake also provided a unique, perishable opportunity to compare Hazards 

U.S.-Multihazard (HAZUS-MH) analysis results with damage observed in the disaster. FEMA 

Region IX initiated a project to incorporate the HAZUS-99 inventory, hazard, and modeling 

improvements completed by Hawaii State Civil Defense into the latest HAZUS-MH (MR-3) 

platform and use the observed impacts associated with the Kiholo Bay earthquake to validate the 

modeled results. 
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Idaho 

For more than 20 years, the Idaho Geological Survey (IGS) has encouraged excellence in earth 

science education by providing secondary and elementary teachers with unique, hands-on, “learning 

through inquiry” instruction on geology at field locations throughout Idaho. The week-long IGS 

workshops, which received a 1996 Award in Excellence from the Western States Seismic Policy 

Council, provide about 30 Idaho educators each year with short courses in geological concepts and 

methods and expose the educators to new technologies and theories. IGS staff members teach most 

of the course. The Idaho Bureau of Homeland Security and FEMA, which provide funding for the 

workshops, offer training in hazard mitigation and pre-disaster planning. Other workshop 

cosponsors are the National Energy Foundation and the Idaho Mining Association. 

  

The HMGP has funded nonstructural seismic mitigation projects at the Idaho State Controller’s 

Office and the Idaho State Emergency Operations Center. Idaho continues to deliver rapid visual 

screening (RVS) training to assist local jurisdictions in identifying potential seismic mitigation 

projects. Idaho also delivered several ATC-20 training courses to build its damage  

assessment capability. 

 

 

Illinois 

Illinois received an HMGP grant for Waterloo Community Schools District #5 for seismic-

resistant construction of a new high school in March 2007. Through the work of the Mid-America 

Earthquake Center, the state also completed comprehensive seismic loss modeling for southern 

portions of Illinois. Illinois conducted point-of-distribution exercises in southern Illinois counties 

for the New Madrid Seismic Zone (NMSZ) and set a schedule for NMSZ workshops in FY 2008. 

 

 

Indiana 

Indiana distributed the “Preparing for Indiana's Earthquake Risk” video and continued work on 

seismic gas shut-off valve installation at St. Vincent’s Hospitals in Warren County (Williamsport) 

and Clay County (Brazil). Indiana held three HAZUS-MH basic training classes on earthquake 

modeling and performed HAZUS-MH MR2 Level 2 Earthquake modeling runs for 33 counties, using 

data for the New Madrid, Wabash Valley, and Anna Seismic Zones. Indiana began work on its NMSZ 

Response Plan and will begin NMSZ workshops in the fall of 2007 that will continue in FY 2008. 

 

 

Kentucky 

A full-scale Kentucky National Guard exercise, held in March 2007, took place in Areas 1–3 of 

western Kentucky and involved a New Madrid earthquake scenario. Guardsmen, emergency 

management personnel, and the Civil Air Patrol took part in the exercise, along with local agencies 

from selected counties. Areas 1, 4, and 12 in Kentucky also participated in the Spills of National 
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Significance (SONS) ‘07 exercise that focused on a New Madrid earthquake. Kentucky hosted a  

3-day exercise that covered three areas, including the state Emergency Operations Center. The 

Shell Oil Company set up a federal portion of the SONS exercise in Paducah, which included local 

involvement. Pendleton County also hosted an earthquake exercise in 2007. 

 

For FEMA’s NMSZ catastrophic planning initiative, Kentucky has hosted three local planning 

workshops; a state workshop is scheduled for March. This is a much-needed, exciting effort for 

Kentucky. Significant work is being put into this plan, including the formation of a formal “area 

command” concept. 

 

Plans for Earthquake Preparedness Week, which will take place in February, include an Earthquake 

101 class in western Kentucky in conjunction with the Central United States Earthquake 

Consortium (CUSEC), school drills, and a teacher curriculum. The CUSEC Public Information 

Committee is creating a press kit for the event. 

 

 

Missouri  

Two earthquake presentations at the Missouri State Emergency Management Agency/Missouri 

Emergency Preparedness Association Conference reached more than 100 participants. An 

“Earthquake Mitigation for Hospitals” poster was presented at the Natural Hazards Workshop in 

Boulder, Colorado, and at the Earthquake Conference at Rice University in Houston, Texas. 

Missouri Earthquake Awareness Week 2008 included “Earthquakes: Mean Business,” a seminar for 

business and industry, attended by about 250 participants; the St. Louis Science Center Earthquake 

Awareness Day, attended by about 350 participants; and the Earthquake Town Hall Meeting at 

New Madrid, attended by more than 50 participants. 

 

 

Nevada 

The Nevada Earthquake Safety Council (NESC) met with the Utah Seismic Safety Commission 

(USSC) in St. George, Utah, to forge a working relationship. The joint meeting provided many 

opportunities for collaborative actions to reduce shared seismic risk. The NESC also participated in 

the 3-year review and update of the Nevada State Mitigation Plan. The NESC spearheaded the 

integration of updated seismic hazard information and mitigation action items into the plan, which 

is under review by FEMA Region IX. 

 

The Nevada Bureau of Mines and Geology Open-File Report 6-1, “Loss Estimation Modeling of 

Earthquake Scenarios for Each County in Nevada Using HAZUS-MH,” won an award at a recent 

geographic information system conference and is part of the NESC use of HAZUS to heighten 

awareness of earthquake hazards throughout Nevada. 
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Oregon 

Oregon Emergency Management (OEM) and the Oregon Department of Geology and Mineral 

Industries (DOGAMI) have collaborated on several seismic safety activities. The Oregon Seismic 

Safety Policy Advisory Commission supported passage of key legislation to form a Seismic 

Rehabilitation Grants Committee that will oversee state bond measure funds for strengthening 

public schools and police, fire, and acute-care emergency facilities. Seismic rehabilitation 

demonstration projects funded by the PDM grant program are in progress at two universities. 

DOGAMI issued a statewide risk assessment report and database for 3,300 public schools and 

emergency facilities. Oregon also mapped earthquake hazards and conducted HAZUS risk 

assessments for 11 counties for its PDM-funded hazard mitigation plans; mapped geology and 

faults in areas of Portland; completed an enhanced RVS method and shared it with FEMA-funded 

ATC-67 project members; and coordinated with the Oregon Public Utility Commission to start 

seismic audits of energy providers. OEM supported the annual “Earthquake and Tsunami 

Awareness Month” in April and conducted the Pacific Peril ‘06 U.S. Department of Transportation 

exercise in Oregon for a Cascadia earthquake and tsunami scenario.  

 

 

Puerto Rico 

Seismic Activity is an educational campaign for the general public that presents the first earthquake 

simulator in Puerto Rico and the Caribbean; people can see, feel, and listen to earthquake effects in 

three different scenarios: at school, at home, and at work. From April 12 to May 20, 2007, events 

were held at six large shopping malls. Coverage was provided through several media outlets in the 

island, including live transmission from the shopping malls and public announcements that resulted 

in the participation of 100,000 citizens. Starting in 2005, this educational campaign has reached at 

least 80,000 people each year. 

 

The Puerto Rico Emergency Management Agency (PREMA) distributed NOAA radios and a 

multihazard interactive CD in 984 public schools to generate public awareness among children and 

schoolteachers. PREMA also conducted 53 earthquake and tsunami workshops, reaching a total of 

12,910 citizens. In addition, PREMA offered two earthquake train-the-trainer seminars in which 

120 instructors were certified. 

 

 

South Carolina 

In coordination with FEMA, South Carolina offered two courses on earthquake safety (ATC-20 

training and FEMA 154-RVS training) that provided 40 attendees with basic principles of 

nonstructural and structural mitigation measures for earthquakes. 

 

The South Carolina Emergency Management Division (SCEMD) awarded a new South Carolina 

Earthquake Education and Preparedness Program to the College of Charleston. The College of 



 

56 2008 NEHRP Annual Report 

Charleston’s Department of Geology and Environmental Geosciences is recognized as a center of 

excellence on earthquakes, earthquake education, and earthquake preparedness. 

 

South Carolina’s Earthquake Awareness Week was held in November. In support of the week, a 

governor’s proclamation was released, news releases were issued, and earthquake literature was 

mailed to county emergency managers and schools. A “Drop, Cover, and Hold” drill, announced 

over the South Carolina NOAA weather radio, was also held with schools. The State Earthquake 

Plan continues to be updated with HAZUS-based damage, loss, and needs estimates. A 2-day full-

scale exercise was conducted by SCEMD to validate the plan. An earthquake similar in size and 

location to the 1886 Charleston earthquake was used in the scenario. 

 

 

Tennessee 

The Tennessee General Assembly established a West Tennessee Seismic Safety Commission to 

work on policy and public preparedness issues affecting counties in the NMSZ. The Tennessee 

Emergency Management Agency (TEMA), CUSEC, and the University of Memphis Center for 

Earthquake Research and Information (CERI) are providing leadership, strategic guidance, and 

staff assistance to the Commission (http://itmattersareyouprepared.org). 

 

Tennessee has completed its catastrophic disaster plan for earthquakes for 21 counties that are 

threatened by the NMSZ. In addition to the regional plan, each county has produced a mirror plan 

along with emergency support functions annexes for the county. The plans were developed with 

CUSEC and CERI. 

  

The TEMA Director guided TEMA in the execution of the largest earthquake exercise in 

Tennessee history. In June, over 2,000 National Guard and local responders joined with dozens of 

federal departments and agencies in the week-long TNCAT07 earthquake exercise. Fifty-eight 

state agencies coordinated with over 60 local jurisdictions in testing interoperability, medical surge, 

hazardous materials incidents, logistics, and local CAT earthquake plans. The Tennessee 

Department of Transportation exercised its 1,156-page Transportation Emergency Preparedness 

Plan, which was awarded the “Team of Excellence” award by the Governor and the Commissioner 

of Transportation. 

 

 

Utah 

The Utah State Seismic Commission (USSC) is working on its Unreinforced Masonry Initiative 

with the Structural Engineers Association of Utah. The USSC has drafted a resolution to the state 

legislature on the need for an impact study on the economy and life safety. The USSC also is 

supporting a Utah State Office of Education initiative that all K-12 schools have an ATC-21 

evaluation completed by a professional engineer or architect. 
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The Utah Geological Survey (UGS) sponsors three Utah earthquake working groups each spring 

that bring together more than 50 geologists, seismologists, and engineers. The Ground Shaking 

Working Group’s goal for 2007 is to collect shear-wave data for Weber, Davis, Salt Lake, and Utah 

Counties; to perform deep basin model simulations and evaluate their validity; and to form a 

working group to develop a near-surface site amplification model. The Quaternary Fault 

Parameters Working Group will study three fault zones. The Liquefaction Working Group will 

develop permanent ground deformation maps for Salt Lake, Davis, and Utah Counties. 

 

The University of Utah Seismograph Stations (UUSS) is expanding its network in southwestern 

Utah, which has had significant population increases. Central and eastern Utah will receive new 

instrumentation to enable the UUSS to generate ShakeMaps statewide. UGS, UUSS, USSC, the 

Utah Division of Homeland Security, and FEMA formed a committee to focus on generating maps, 

using ShakeMap and HAZUS, for emergency managers, first responders, government jurisdictions, 

and the private sector in the first hours after an earthquake. With support from the USGS, Utah also 

is developing a booklet on earthquake-related geologic hazards, the monitoring of earthquakes in 

Utah, how buildings perform in an earthquake, and how to plan and prepare for an earthquake. The 

booklet will be modeled after the USGS’s Putting Down Roots in Earthquake Country. 

 

 

Washington 

Earthquake education materials are sent out semiannually to jurisdictions, state agencies, schools, 

businesses, and the general public. This is followed up with a statewide earthquake “Drop, Cover, 

and Hold” drill and a coastal “Tsunami Evacuation” drill. The effectiveness of public education tools 

is measured with social science tools. For example, a business tool kit has been developed for hotels 

and motels and an outreach program established to train businesses on preparedness and mitigation 

issues. The lack of broadcaster community understanding of state and local earthquake and tsunami 

procedures was also identified and a broadcaster’s handbook was developed. 

  

Washington increased its capability of alert and notification by installing over 36 all-hazard alert 

broadcasting radios in communities at risk for tsunamis. Special messaging was developed to warn 

and instruct the public on actions to take for a tsunami. Through state funding, Washington also has 

increased its capabilities to provide real-time earthquake information with the use of ShakeMap. 

This tool is being integrated into HAZUS for education and training, mitigation planning, and 

grant development purposes. 
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Cooperating Organizations  
Receiving NEHRP Support 

 

During 2007, the National Earthquake Hazards Reduction Program (NEHRP) provided partial 

support for the following organizations, either directly or through a second party, to advance 

NEHRP goals and objectives. Through participating in these cooperative efforts, NEHRP benefits 

from the support provided to these organizations by other interests. This list includes only those 

organizations cited in this report. This list does not include the many academic institutions to 

which NEHRP provides support for individual research grants and cooperative agreements. For 

each organization that is presented, a link to its Internet Web site is provided. 

 

 

Applied Technology Council 

The Applied Technology Council (ATC) is a nonprofit corporation established in 1973 through the 

efforts of the Structural Engineers Association of California. ATC's mission is to develop and 

promote state-of-the-art, user-friendly engineering resources and applications for use in mitigating 

the effects of natural and other hazards on the built environment. ATC also identifies and 

encourages needed research and develops consensus opinions on structural engineering issues in a 

nonproprietary format. Project work is conducted by a wide range of highly qualified consulting 

professionals, thus incorporating the experience of many individuals from academia, research, and 

professional practice who would not be available from any single organization. Funding for ATC 

projects is obtained from government agencies and from the private sector. (www.atcouncil.org) 

 

 

Cascadia Region Earthquake Workgroup  

The Cascadia Region Earthquake Workgroup (CREW) is a coalition of private and public 

representatives working together to increase the ability of Cascadia Region communities in British 

Columbia, California, Oregon, and Washington to reduce the effects of earthquake events. 

Established in 1996, CREW provides an essential link among the Federal Government, local 

government, private industry, and citizens to promote NEHRP goals. (www.crew.org) 
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Central United States Earthquake Consortium  

The Central United States Earthquake Consortium (CUSEC) is a partnership of the Federal 

Government and the States of Alabama, Arkansas, Illinois, Indiana, Kentucky, Mississippi, 

Missouri, and Tennessee, the states most affected by earthquakes in the New Madrid Seismic Zone. 

Established in 1983, the mission of CUSEC is to reduce deaths, injuries, property damage, and economic 

losses resulting from earthquakes in the Central United States. (www.cusec.org) 

 

 

Consortium of Organizations for Strong Motion Observation Systems 

The purposes of the Consortium of Organizations for Strong Motion Observation Systems 

(COSMOS) are to develop policies for the urgent improvement of strong-motion earthquake 

measurements and their applications; promote the advancement of strong-motion measurement in 

densely urbanized areas and other locations of special significance to society likely to be struck by 

future earthquakes; encourage and assist the rapid, convenient, and responsive distribution of 

strong ground-motion data; and, serve as a central organization for solving problems involving the 

technical aspects of the acquisition and application of data on strong shaking recorded during 

earthquakes. (www.cosmos-eq.org) 

 

 

Consortium of Universities for Research in Earthquake Engineering 

The Consortium of Universities for Research in Earthquake Engineering (CUREE) is a nonprofit 

organization, established in 1988, which is devoted to the advancement of earthquake engineering 

research, education, and implementation. CUREE’s membership, comprising some two dozen 

universities and many associated faculty members, works to identify new ways that research can 

solve earthquake problems; collect and synthesize information and make it easily accessible; 

establish national and international hazard research relationships; perform earthquake engineering 

and related research; manage research consortia and cooperative programs; and educate experts, 

practitioners, students, and the public. (www.curee.org) 
 

 

Earthquake Engineering Research Institute  

The Earthquake Engineering Research Institute (EERI) is a national, nonprofit technical society of 

engineers, geoscientists, architects, planners, public officials, and social scientists. The objective of 

EERI is to reduce earthquake risk by advancing the science and practice of earthquake engineering; 

to improve understanding of the impact of earthquakes on the physical, social, economic, political, 

and cultural environment; and to advocate comprehensive and realistic measures for reducing the 

harmful effects of earthquakes. (www.eeri.org) 
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Incorporated Research Institutions for Seismology  

The Incorporated Research Institutions for Seismology (IRIS) is a National Science Foundation 

(NSF) supported university research consortium dedicated to exploring the Earth’s interior 

through the collection and distribution of seismographic data. In addition to partnering with the 

U.S. Geological Survey to operate the Global Seismographic Network (GSN), NSF funding for 

IRIS supports the Program for Array Seismic Studies of the Continental Lithosphere (PASSCAL), 

which loans seismic sensors and data acquisition, telemetry, and power systems for earth science 

research; the IRIS Data Management System, which collects, assesses, archives, and distributes all 

data from the GSN, PASSCAL experiments, the Advanced National Seismic System, and other 

national and international sources; and the IRIS Education and Outreach Program, which enables 

audiences beyond seismologists to access and use seismological data and research for educational 

purposes. (www.iris.edu) 

 

 

Multidisciplinary Center for Earthquake Engineering Research-Earthquake 
Engineering to Extreme Events  

The Multidisciplinary Center for Earthquake Engineering Research (MCEER)-Earthquake 

Engineering to Extreme Events consortium is centered at the University at Buffalo, The State 

University of New York. Funded primarily by the NSF, the State of New York, and the Federal 

Highway Administration, MCEER accomplishes its mission through a system of multidisciplinary, 

multihazard research, education, and outreach initiatives. The goal of MCEER is to enhance the 

earthquake resiliency of communities through improved engineering and management tools for 

critical infrastructure systems (water supply, electric power, and hospitals) and emergency 

management functions. At the end of fiscal year (FY) 2007, MCEER completed the last year of its 

10-year funding as a center supported by the NSF, but will continue as a center through state and 

private-sector support and other federal funding. (http://mceer.buffalo.edu) 

 

 

Mid-America Earthquake Center  

The Mid-America Earthquake (MAE) Center, headquartered at the University of Illinois at 

Urbana-Champaign, is a consortium of eight core institutions. At the end of FY 2007, the MAE 

Center completed the last year of its 10-year funding as a center supported by the NSF, but will 

continue through university and private-sector support and other federal funding. 

(http://mae.ce.uiuc.edu) 

 

 

National Institute of Building Sciences 

Congress chartered the National Institute of Building Sciences (NIBS) in 1974 as an independent, 

nongovernment, nonprofit organization. NIBS balances public and private expertise to mobilize 

uniquely authoritative support for the public interest in building sciences, engineering, 
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construction, and technology. NIBS involves the national building community in shaping its 

program and priorities through its Consultative Council; other councils address specific issues in 

security and disaster preparedness, facility performance and sustainability, and information 

resources and technologies. (www.nibs.org) 

 

Since 1979, the Building Seismic Safety Council (BSSC) of NIBS has provided a national forum for 

improving earthquake-resistant design and construction, benefiting both the building community 

and the public in general. Supported by some 65 voting member organizations, the BSSC is 

involved in developing the 2009 NEHRP Recommended Provisions for Seismic Regulations for New 

Buildings and Other Structures, and in working with the Federal Emergency Management Agency 

(FEMA) on practical building code applications of these provisions. (www.bssconline.org) 

 

 

Natural Hazards Center 

The NSF-supported Natural Hazards Center (NHC), headquartered at the University of Colorado 

at Boulder, continues to be the world leader in the dissemination of research information, awards, 

findings, and applications to the hazard and disaster research and management communities. The 

NHC accomplishes its work through four major activities: information dissemination, annual 

workshops, information services, and research. The majority of the Center’s work is supported by 

an NSF grant, but the NHC also receives contributions from other agencies and sources. 

(www.colorado.edu/hazards/) 

 

 

NEES Consortium, Inc. 

NEES Consortium, Inc. (NEESinc), is located in Davis, California. NEESinc is a nonprofit 

organization that works in partnership with the 15 universities that operate the NEES 

experimental facilities and cyberinfrastructure. NEESinc manages the George E. Brown, Jr. 

Network for Earthquake Engineering Simulation (NEES) as a national, shared-use resource for 

research and education for the earthquake engineering community and schedules access to the 

experimental facilities. NEESinc also provides the system-wide information technology 

infrastructure of NEES, including repositories for NEES data and simulation tools; manages an 

education, outreach, and training program; and fosters linkages and partnerships with federal, state, 

and local government entities, national laboratories, the private sector, and international 

collaborators. (www.nees.org) 

 

 

Northeast States Emergency Consortium  

The Northeast States Emergency Consortium (NESEC) receives significant funding from FEMA 

to support the common mission of working with federal, state, and local partners to promote 

multihazard preparedness and risk reduction in support of NEHRP goals. Connecticut, Maine, 
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Massachusetts, New Hampshire, New Jersey, New York, Rhode Island, and Vermont form NESEC. 

(www.nesec.org) 

 

 

Pacific Earthquake Engineering Research Center 

Headquartered at the University of California at Berkeley, the Pacific Earthquake Engineering 

Research (PEER) Center focuses on areas west of the Rocky Mountains and emphasizes 

performance-based design in its research programs. The PEER Center’s mission is to develop and 

disseminate procedures and supporting tools and data for performance-based earthquake 

engineering. This approach is aimed at improving decision-making about seismic risk by making 

the choice of performance goals and the tradeoffs that they entail apparent to facility owners and 

society at large. At the end of FY 2007, the PEER Center completed its last year of its 10-year 

support by the NSF; however, PEER will continue as a research center through support provided 

from California, the private sector, and other federal grants. (http://peer.berkeley.edu) 

 

 

Southern California Earthquake Center   

In 2007, the Southern California Earthquake Center (SCEC) began its third phase, a 5-year 

program supported primarily by the NSF and the USGS. SCEC is headquartered at the University 

of Southern California and unites 15 core institutions and 39 participating institutions in a 

“collaboratory” with a threefold mission: (1) gather data on earthquakes in southern California; (2) 

integrate these data and other information into a comprehensive, physics-based understanding of 

earthquake phenomena; and (3) communicate this understanding to the community at large as 

useful knowledge for reducing earthquake risk. In addition to core funding in 2007, the NSF 

provided support to SCEC to advance seismic hazard research using high-performance computing, 

with the aim of utilizing peta-scale computing facilities when they become available in the 2010–

2011 timeframe. (www.scec.org) 

 

 

Western States Seismic Policy Council  

The Western States Seismic Policy Council (WSSPC) is a regional earthquake consortium funded 

primarily by FEMA and the USGS. WSSPC members are the state Geological Surveys and 

Emergency Management Directors of 13 western states (Alaska, Arizona, California, Colorado, 

Hawaii, Idaho, Montana, Nevada, New Mexico, Oregon, Utah, Washington, and Wyoming); 3 U.S. 

territories (American Samoa, Guam, and the Northern Mariana Islands); a Canadian territory 

(Yukon Territory); and a Canadian province (British Columbia). The mission of the WSSPC is to 

develop seismic policies and share information to promote programs intended to reduce earthquake 

losses. (www.wsspc.org) 
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NEHRP Management Chronology 
FY 2007 

 

Table B.1 provides a brief chronology of National Earthquake Hazards Reduction Program 

(NEHRP) management activities during fiscal year (FY) 2007. 

 

 

ACEHR—Advisory Committee on Earthquake Hazards Reduction 

The members are nongovernment experts. ACEHR was created by statute, P.L. 108-360. 

 

 

ICC—Interagency Coordinating Committee on Earthquake Hazards Reduction 

The principals are the Directors/Administrators of the NEHRP agencies and of the Office of 

Science and Technology Policy and Office of Management and Budget. The ICC was created by 

statute, P.L. 108-360. 

 

 

PCWG—Program Coordination Working Group 

A working-level body made up of the relevant program managers of each NEHRP agency. 

 

Appendix 
 

B 



 

66 2008 NEHRP Annual Report 

Table B.1—Chronology of FY 2007 NEHRP Management Activities 

Date Event 

October 3, 2006 ICC Meeting 

November 16, 2006 PCWG Meeting 

December 15, 2006 PCWG Meeting 

January 25, 2007 PCWG Meeting 

February 16, 2007 PCWG Meeting 

March 22, 2007 PCWG Meeting 

May 10–11, 2007 First Meeting of ACEHR 

May 21, 2007 PCWG Meeting 

May 30, 2007 
NEHRP Report for FY 2005–2006  

Submitted to Congress 

May 31, 2007 ICC Meeting 

June 26, 2007 PCWG Meeting 

July 23, 2007 PCWG Meeting 

August 27, 2007 PCWG Meeting 

September 10, 2007 PCWG Meeting 

September 25, 2007 ICC Meeting 
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List of Acronyms 
 

ACCESS Advancement of Cyberinfrastructure Careers through Earthquake System Science 

ACEHR Advisory Committee on Earthquake Hazards Reduction  

ACI  American Competitiveness Initiative 

AEIC  Alaska Earthquake Information Center 

AMP  Amplitude and Period Monitoring 

ANSS  Advanced National Seismic System 

ASCE  American Society of Civil Engineers 

ATC  Applied Technology Council 

BMG  Indonesia Meteorological and Geophysical Agency 

BSSC  Building Seismic Safety Council 

CCERRP California Catastrophic Earthquake Readiness Response Plan 

CDMS  Comprehensive Data Management System 

CERI  Center for Earthquake Research and Information 

CGS  California Geological Survey 

CI  Cyberinfrastructure 

CISN   California Integrated Seismic Network 

CONPLAN Concept of Operations Plan 

COSMOS Consortium of Strong Motion Observation Systems 

CREW  Cascadia Region Earthquake Workgroup 

CRM  Consequence-based Risk Management 

CUSEC  Central United States Earthquake Consortium 

DMS  IRIS Data Management System 

DOGAMI Oregon Department of Geology and Mineral Industries 

DOI  Department of the Interior 

DPI  Community Disaster Preparedness Index 

DRI  Community Disaster Response Index 

EAS  Emergency Alert System 

ECA  Earthquake Country Alliance 

EERI  Earthquake Engineering Research Institute 

EEW  Earthquake Early Warning 

ETS  Episodic Tremor and Slip 

FEMA  Federal Emergency Management Agency 

FY  Fiscal Year 

GEOSS Global Earth Observation System of Systems 

GIS  Geographic Information System 
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GPS  Global Positioning System; Global Positioning Satellites 

GSN  Global Seismographic Network 

HAZUS Hazards U.S. 

HDPE  High-density polyethylene 

HISN  Hawaii Integrated Seismic Network 

HMGP  Hazard Mitigation Grant Program 

IBC  International Building Code 

ICC  International Code Council; Interagency Coordinating Committee 

IGS  Idaho Geological Survey 

IQR  Internet Quick Reports 

IRC  International Residential Code 

IRIS  Incorporated Research Institutions for Seismology 

IT  Information Technology 

KBL  Kabul Seismic Station 

LiDAR  Light Detection and Ranging 

MAE Center Mid-America Earthquake Center 

MCEER Multidisciplinary Center for Earthquake Engineering Research 

NCESMD National Center for Engineering Strong Motion Data 

NCEDC Northern California Earthquake Data Center 

NEES  George E. Brown, Jr. Network for Earthquake Engineering Simulation 

NEHRP National Earthquake Hazards Reduction Program 

NEIC  National Earthquake Information Center 

NEMRAC NESEC Emergency Management Risk Assessment Center 

NEPEC National Earthquake Prediction Evaluation Council 

NESC  Nevada Earthquake Safety Council 

NESEC Northeast States Emergency Consortium 

NETAP National Earthquake Technical Assistance Program 

NGDC  National Geophysical Data Center 

NHC  Natural Hazards Center 

NIBS  National Institute of Building Sciences 

NIED  National Research Institute for Earth Science and Disaster Prevention 

NIST  National Institute of Standards and Technology 

NMSZ  New Madrid Seismic Zone 

NOAA  National Oceanic and Atmospheric Administration 

NRC  National Research Council 

NSF  National Science Foundation 

NSMP  National Strong Motion Project 

NSTC  National Science and Technology Council 

OEM  Oregon Emergency Management 

PACT  Performance Assessment Calculation Tool 

PAGER Prompt Assessment of Global Earthquakes for Response 

PASSCAL Program for Array Seismic Studies of the Continental Lithosphere 

PBO  Plate Boundary Observatory 
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PBSD  Performance-Based Seismic Design 

PCWG  Program Coordination Working Group 

PDM  Pre-Disaster Mitigation Grant 

PDM-C Pre-Disaster Mitigation-Competitive Grant 

PEER  Pacific Earthquake Engineering Research Center 

PG&E  Pacific Gas & Electric 

PIMS  Post-Disaster Information Management System 

PNSN  Pacific Northwest Seismic Network 

PREMA Puerto Rico Emergency Management Agency 

PTWC  Pacific Tsunami Warning Center 

RVS  Rapid Visual Screening 

SAFOD San Andreas Fault Observatory at Depth 

SCEC  Southern California Earthquake Center 

SCEMD South Carolina Emergency Management Division 

SCSN  Southern California Seismic Network 

SDR   Subcommittee on Disaster Reduction 

SONS  Spills of National Significance 

SoSAFE Southern San Andreas Fault Evaluation 

TA  Transportable Array 

TDOT  Tennessee Department of Transportation 

TEMA  Tennessee Emergency Management Agency 

UAF/GI University of Alaska/Geophysical Institute 

UC  University of California 

UGS  Utah Geological Survey 

UJNR  U.S.-Japan Program on Natural Resources 

UNR  University of Nevada, Reno 

USGS  U.S. Geological Survey 

USSC  Utah Seismic Safety Commission 

UUSS  University of Utah Seismic Stations 

VDC  Virtual Data Center 

VS  Virtual Seismologist 

WSDOT Washington State Department of Transportation 

WSSPC Western States Seismic Policy Council 


