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HEARING CHARTER

SUBCOMMITTEE ON RESEARCH
COMMITTEE ON SCIENCE
U.S. HOUSE OF REPRESENTATIVES

The National Earthquake Hazards
Reduction Program:
Past, Present, and Future

THURSDAY, MAY 8, 2003
2:00 P.M.—4:00 P.M.
2318 RAYBURN HOUSE OFFICE BUILDING

1. Purpose

On Thursday, May 8th, 2003, the Research Subcommittee of the House Science
Committee will hold a hearing to examine the current status of the National Earth-
quake Hazards Reduction Program (NEHRP) in preparation for program reauthor-
ization later this year. NEHRP is a long-term, comprehensive, multi-agency earth-
quake hazards mitigation program established by Congress in 1977 to minimize the
loss of life and property from earthquakes. Four agencies participate in this effort:
the Federal Emergency Management Agency (FEMA), U.S. Geological Survey
(USGS), National Science Foundation (NSF), and National Institute of Standards
and Technology (NIST).

2. WITNESSES

(Note: The Subcommittee will also receive written testimony from USGS, NSF, and
NIST.)

Mr. Anthony Lowe is the Administrator of the Federal Insurance Mitigation Ad-
ministration (FIMA), a division of the Emergency Preparedness and Response (EPR,
formerly FEMA) Directorate of the Department of Homeland Security. He will be
accompanied by Mr. Craig Wingo, Director of the FEMA Engineering Science and
Technology Division.

Dr. Lloyd S. Cluff is the Director of Geosciences and Earthquake Risk Manage-
ment for Pacific Gas and Electric Company, and also Chair of the USGS Scientific
Earthquake Studies Advisory Committee. Dr. Cluff’s expertise includes identifica-
tion of seismic faults and their potential ground motion, and a member of the Na-
tional Academy of Engineering.

Dr. Thomas O’Rourke is President of the Earthquake Engineering Research Insti-
tute (EERI), a nonprofit technical society of engineers, geoscientists, architects,
planners, public officials, and social scientists. He is also a Professor of Civil and
Environmental Engineering at Cornell University, and a member of the National
Science Foundation Engineering Advisory Committee. His research interests include
geotechnical engineering, earthquake engineering, lifeline systems, underground
construction technologies, and geographic information technologies.

Dr. Robert Olson is President of Robert Olson Associates, where he consults on
areas of earthquake hazards mitigation, emergency management, disaster oper-
ations, recovery assistance, and public policy development. Previously, Mr. Olson
served as Executive Director of the California Seismic Safety Commission. He has
chaired numerous committees, including the Governor’s Task Force on Earthquake
Preparedness and the Advisory Group on Disaster Preparedness to the California
Joint Legislative Committee on Seismic Safety.

Dr. Lawrence D. Reaveley is Professor and Chair of the Department of Civil and
Environmental Engineering at the University of Utah.

3. OVERARCHING QUESTIONS
The hearing will address the following overarching questions:

1. What have been the notable accomplishments and shortcomings in the first
25 years of NEHRP? What is the current status of the program, and what
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is the appropriate level of funding? How should this funding be prioritized
among various research and mitigation activities?

. How can Congress improve NEHRP strategic planning and coordination to

foster a more unified effort to reduce earthquake hazards?

. How will NEHRP be affected by the recent transition of FEMA, formerly an

independent federal agency, into the Emergency Preparedness and Response
Directorate of the Department of Homeland Security?

How can NEHRP accelerate the implementation of knowledge and tools de-
veloped from earthquake-related research?

4. OVERVIEW/ISSUES

Damaging earthquakes are inevitable, if infrequent. Most states face at least
some danger from earthquakes, and total annualized damages in the United
States are estimated to be about $4.4 billion in direct financial losses (repair
costs, inventory loss, and business interruption). The 1994 Northridge earth-
quake in California (magnitude 6.7) was the most costly in U.S. history, caus-
ing over $40 billion in damage.

NEHRP was created in 1977 in response to growing concerns about the threat
of damaging earthquakes. The program was originally focused on research
into geotechnical and structural engineering and earthquake prediction. Over
time, researchers recognized that earthquake prediction was an unrealistic
goal, and its focus was significantly de-emphasized within NEHRP, while ef-
forts were expanded to include activities such as seismic retrofitting and re-
habilitation, risk assessment, public education and outreach, and code devel-
opment.

NEHRP Agency responsibilities include:

FEMA —overall coordination of the program, education and outreach, and
implementation of research results;

USGS—basic and applied earth science and seismic research;

NSF —basic research in geoscience, engineering, economic, and social as-
pects of earthquakes

NIST—problem-focused R&D in earthquake engineering aimed at improv-
ing building design codes and construction standards.

The program has achieved significant progress since inception, and is gen-
erally considered to be a successful undertaking. Loss of life and injuries sus-
tained from earthquakes has decreased substantially, seismic risk assessment
capabilities have significantly improved, and technological advances in areas
such as performance-based engineering, information technology, and sensing
and imaging have provided valuable knowledge and tools for mitigating
earthquake hazards.

New knowledge and tools, however, have not translated into decreased overall
vulnerability. End-user adoption of NEHRP innovations has been incremental
and slower than expected. This is in part because current building codes tend
to focus on protecting the lives of the occupants rather than minimizing non-
structural damage and economic losses. Further, the cost of rehabilitating ex-
isting structures to become more earthquake resistant is often too high, as
is the cost of building new structures to minimize risk. The private sector has
not had adequate incentives, and State and local governments have generally
not had adequate budgets, to take steps to address these challenges.

This slow implementation of new mitigation technologies, combined with con-
tinued widespread development in areas of high seismic risk, has resulted in
a rapid and steady increase in societal vulnerability to a major earthquake
event. Potential loss estimates of a future large earthquake in a major U.S.
urban area now approach $200 billion.

5. BACKGROUND OF NEHRP

History

A culmination of efforts, largely in response to the great Alaskan earthquake of
1964 and San Fernando earthquake of 1971, led to the creation of NEHRP in the
Earthquake Hazards Reduction Act of 1977 (P.L. 95-124). The original program
called on 10 federal agencies to implement the objectives of the program, though
only the USGS and NSF were authorized appropriations. Those objectives were to:

— implement a system for predicting damaging earthquakes;
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— develop feasible design and construction methods for new and existing build-
ings and lifelines for earthquake resistance;

— identify, characterize, and evaluate seismic hazards; develop model building
codes and land-use policy recommendations;

— increase use of scientific and engineering knowledge to mitigate earthquake
risks; and

— educate public officials and the public about earthquake phenomena.

In 1979, a governmental reorganization initiative created FEMA to lead govern-
ment-wide efforts to respond to emergencies. The Earthquake Hazards Reduction
Act of 1980 (P.L. 96-472) designated FEMA as the lead agency for NEHRP and au-
thorized funding for both FEMA and the National Bureau of Standards (now NIST)
to become part of NEHRP. While NEHRP has been reauthorized nine times, the
only other substantive changes were made in 1990 (P.L. 101-614). This act clarified
and expanded program objectives and agency responsibilities, required federal agen-
cies to adopt seismic safety standards for new and existing buildings, and attempted
to improve program coordination by requiring NEHRP agencies to complete a stra-
tegic plan to be updated every three years, prepare biennial reports on program
progress, and submit a unified NEHRP budget to OMB each year with their budget
request.

Accomplishments and Goals

NEHRP has accomplished a great deal since its inception. Perhaps most notable
is the vast improvement in the ability to design a built environment that can resist
significant earthquake shaking with little or no damage. NEHRP research and miti-
gation has also produced valuable tools for mitigating earthquake hazards, including
new national hazard maps (Figure 1), improved seismic design provisions for new
buildings, guidelines for the rehabilitation of existing buildings, loss estimation
methodologies, performance-based design methodologies, and real-time shake maps
for first responders and other public officials.

Today the goals of NEHRP are to:

— Develop effective practices and policies for earthquake loss reduction and ac-
celerate their implementation;
— Improve techniques to reduce seismic vulnerability of facilities and systems;

— Improving seismic hazard identification and risk assessment methods and
their use;

— Improve the understanding of earthquakes and their effects.

Figure 1. National Seismic Hazard Map showing probability of exceeding ground motion values in
next 50 years. (US Geological Survey, 1997)

i
|

Transition into the Department of Homeland Security

On March 1st, 2003, FEMA officially became part of the Emergency Preparedness
and Response Directorate for the Department of Homeland Security (DHS). It is un-
clear how this change will affect the execution of NEHRP, but it is likely that the
new arrangement will present both challenges and opportunities for the program.
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While it seems appropriate that natural disaster mitigation programs should be
housed in the DHS Emergency Preparedness and Response Directorate, many are
concerned that the Department’s primary focus on acts of terrorism could reduce the
attention paid to NEHRP and other natural disaster efforts. Conversely, though, it
is clear that risk reduction efforts such as strengthening buildings and lifelines and
developing comprehensive building databases would also benefit counter-terror oper-
ations, and may therefore benefit from the Department’s primary mission.

NEHRP Budget

Original funding for NSF and USGS earthquake research activities in 1978 was
$67 million (Chart 1). Though program activities have expanded substantially, to-
day’s NEHRP budget is well below its original level in real dollars. Also, funding
for the program has tended to be reactive, going through periods of gradual decline
only to be followed by sharp increases after significant earthquake events. Expanded
program activities and inconsistent, declining funding, combined with the fact that
the cost of performing research has increased faster than inflation, have clearly lim-
ited the ability of NEHRP to effectively meet program objectives.

The FY 2004 total funding request for NEHRP is $112.9 million (Table 1). This
level is essentially flat, both in total and across agencies, compared to the appro-
priated levels of the last three years (with the exception of NSF, which has had a
gradual decrease due to the planned completion of the George E. Brown, Jr. Net-
work for Earthquake Engineering Simulation, NEES). NEHRP is funded through
three different appropriations bills (VA/HUD, Interior, and Commerce-State-Jus-
tice), none of which include agency lines for NEHRP programs. This factor, along
with the often unclear budget request breakdowns for the program, have made
NEHRP budget and activities difficult to interpret and analyze.

The Science Committee has been particularly concerned with the lack of funding
for the Advanced National Seismic System (ANSS), a network of instruments for
monitoring and providing early warning of earthquakes. ANSS was authorized by
the most recent NEHRP reauthorization law in 2000 (P.L. 106-503) at $170 million
over five years. In each of its first three years, it has been funded at only about
10 percent of the authorized level.

Table 1. Recent NEHRP Budgets (dollars in millions)

NEHRP Agency Fiscal Year
2001 | 2002 | 2003 Auth, Level* | 2003 Appropriation’ | 2004 Request
FEMA 18.9 14.7 21.6 18.2 19.0%**
USGS | 463 47.6 99.6%* 47.6%* 46.0
NIST 2.3 2.4 2.5 2.3 1.9
NSF| 59.1| 615 38.1 5057 45.7
TOTAL | 127.0 | 126.2 161.6 118.6 112.7

* The current NEHRP authorization expires in FY 2003

** The difference between the USGS authorized and appropriated levels is primarily due to the low
request for the Advanced National Seismic System (ANSS, authorized at $35.1 million but
requested at $2.0 million in FY 2004)

***New in FY 2004, FEMA has proposed that the NEHRP state grant program will be administered
from the DHS Border and Transportation Security Directorate’s Office of Domestic Preparedness.
This amount is still included as part of the FEMA request for simplicity and comparison.

¥ Approximate.

" Request level. Because NSF grants are based on received applications, specific amounts will be
unknown until the end of FY 2003,



Chart 1. NEHRP Appropriations, 1978-2002 (dollars in millions)
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6. ABOUT EARTHQUAKES

— When the crust of the earth is subject to tectonic forces, it bends slightly.
But because the crust is rigid, when the stress or pressure from the tectonic
forces exceeds the strength of the rocks, the crust breaks and snaps into a
new position. This creates vibrations called seismic waves, which travel both
through the earth and along its surface. These seismic waves cause the
ground shaking we call earthquakes.

— It is estimated that there are 500,000 detectable earthquakes in the world
each year. 100,000 of those can be felt, and 100 of them cause damage.

— In the 20th century, more than 100 earthquakes occurred worldwide that
each resulted in losses of more than 1,000 lives. The deadliest earthquake
in modern times occurred in 1976 in Tangshan, China, killing more than
250,000 people. In 1990, a major earthquake in Iran killed 40,000 people.

— Almost 40 states are subject to either moderate or high seismic risk. Alaska
is the most earthquake-prone state and one of the most seismically active
regions in the world. Alaska experiences a magnitude 7 earthquake almost
every year. The largest recorded earthquake in the United States was a
magnitude 9.2 that struck Prince William Sound, Alaska on March 28, 1964.

— Southern California experiences 10,000 earthquakes a year. Only about 15—
20 of these are above magnitude 4.0. On the other side of the spectrum,
there were four states that did not have any earthquakes from 1975-1995:
Florida, Iowa, North Dakota, and Wisconsin.

— While most earthquakes in the United States occur on the West Coast and
in Alaska, a major fault line also exists in the Central United States. Known
as the New Madrid Fault, a series of major earthquakes occurred on this
fault line in 1811 and 1812. The effects of shaking from these magnitude 8+
earthquakes reportedly caused church bells to ring in Boston and moved fur-
niture in the White House.

8. WITNESS QUESTIONS

The witnesses were asked to address the following questions in their testimony:

Question for all witnesses

What factors have limited the success of NEHRP, and what policy changes would
you recommend to remove these limitations? How can the NEHRP participating
agencies improve planning, coordination, and general administration of NEHRP to
better meet the vision for the program set forth by Congress?



Questions for Dr. Lloyd Cluff

e Discuss how geology and earth sciences research related to earthquake proc-
esses has improved our understanding of seismic hazards. How have these
advancements contributed to our ability to protect from the loss of lives and
property due to earthquakes? How has the focus of NEHRP earth sciences re-
search evolved since the inception of NEHRP?

e How would a major earthquake potentially affect the operations of critical
lifelines such as utilities, hospitals, and communications centers? How does
Pacific Gas and Electric utilize NEHRP research and activities to protect
against such disasters?

e In your capacity as Chairman of the USGS Earthquake Studies Advisory
Committee, discuss the findings and recommendations of your Committee
with regard to the U.S. Geological Survey’s role in NEHRP.

e How would you prioritize limited federal funds among specific NEHRP re-
search and mitigation activities (earthquake monitoring, hazard assessment,
performance-based engineering, lifeline reinforcement, code development and
adoption, education and outreach, post-earthquake response and investiga-
tion, ete.)?

How will the transfer of FEMA into the Department of Homeland Security
affect the success of NEHRP? How do NEHRP research and mitigation activi-
ties benefit other efforts to increase our preparedness for all types of hazards,
such as hurricanes, floods, tornadoes, and terrorist events?

Questions for Mr. Anthony Lowe

e Discuss the significant achievements of the NEHRP program during its first
25 years. What factors have been most important in contributing to this suc-
cess? In what areas may the program not be realizing its full potential? How
does the NEHRP of 2003 differ from the program that was originally estab-
lished in 19777

e Provide an overview of FEMA’s NEHRP activities, including information on
efforts related to: (1) planning and coordination of the program with partici-
pating agencies; (2) promoting the implementation of earthquake hazard re-
duction measures by Federal, State, and local governments, as well as private
entities; (3) accelerating the application of research advances into practice; (4)
combining measures for earthquake hazards reduction with measures for re-
duction of other natural hazards; and (5) harnessing the potential of informa-
tion technology in meeting NEHRP goals.

How will the transfer of FEMA into the Department of Homeland Security
affect the success of NEHRP, and how will FEMA ensure that the program
receives adequate support within the expanded layers of government in the
DHS structure? How do NEHRP research and mitigation activities benefit
other efforts to increase our preparedness for all types of hazards, such as
hurricanes, floods, tornadoes, and terrorist events?

e Please provide with your testimony a detailed budgetary breakdown of each
participating agency’s NEHRP activities, as well as a status report and esti-
mated timetable for the completion of the strategic plan required by Public
Law 101-614.

Questions for Mr. Robert Olson

e Discuss the evolution of federal earthquake mitigation efforts over the last 40
years, from initial interest in the 1960’s, through establishment of NEHRP
in 1977, to where we are today. What notable successes have these efforts
produced? What significant events and developments have impacted the pro-
gram, both negatively and positively?

e How can the resources and expertise of non-NEHRP emergency preparedness

activities (hurricane, flood, tornado mitigation) and agencies (i.e., NASA,

NOAA) best partner with NEHRP to further the goals of the program?

How will the transfer of FEMA into the Department of Homeland Security

affect the success of NEHRP? How do NEHRP research and mitigation activi-

ties benefit other efforts to increase our preparedness for all types of hazards,
such as hurricanes, floods, tornadoes, and terrorist events?



Questions for Dr. Thomas O’Rourke

Discuss how research in structural, geotechnical, and other engineering dis-
ciplines has improved our ability to protect lives and property from earth-
quake hazards? How has the focus of NEHRP engineering research evolved
since the inception of NEHRP?

Discuss the findings and recommendations of the comprehensive EERI report
“Securing Society Against Catastrophic Earthquake Loss: A Research and
QOutreach Plan in Earthquake Engineering.” How should policy-makers
prioritize limited federal funds among and within the five program areas dis-
cussed in the report (Understanding Seismic Hazards, Assessing Earthquake
Impacts, Reducing Earthquake Impacts, Enhancing Community Resilience,
and Expanding Education and Public Outreach)?

Discuss the potential of information technology to contribute to earthquake
mitigation. To date, has NEHRP effectively harnessed this potential?

How will the transfer of FEMA into the Department of Homeland Security
affect the success of NEHRP? How do NEHRP research and mitigation activi-
ties benefit other efforts to increase our preparedness for all types of hazards,
such as hurricanes, floods, tornadoes, and terrorist events?

Questions for Dr. Lawrence Reaveley

Discuss how research in structural engineering has improved our ability to
protect lives and property from earthquake hazards? How has the focus of
NEHRP structural engineering research evolved since the inception of
NEHRP?

How would you prioritize limited federal funds among specific NEHRP re-
search and mitigation activities (earthquake monitoring, hazard assessment,
performance-based engineering, lifeline reinforcement, seismic rehabilitation,
code development and adoption, education and outreach, post-earthquake re-
sponse and investigation, etc.)?

What are the major impediments to improving the overall seismic perform-
ance of buildings, both new and existing? Is the pace and extensiveness of
code development and adoption improving? Is there anything the Federal
Government can do to facilitate increased adoption of seismic codes in areas
of high seismic risk? Is seismic rehabilitation an economical use of earth-
quake mitigation funds?
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Chairman SMITH. The Subcommittee on Research will be in
order. I thank all of the witnesses for being here today, and I
apologize for holding up the starting at the beginning of this com-
mittee session on the important topic of reauthorizing NEHRP and
how do we best protect ourselves from earthquakes in this country
and help with our advice and technology around the world. You
know, NEHRP was established in 1977, created as the Federal
Government’s response to several large earthquakes in the United
States and around the world that served, probably, as a wake up
call to the significant threats that earthquakes posed to the people
and infrastructure of many of our heavy populated metropolitan
areas.

And I think it is important that we stress that this just isn’t a
West Coast problem. It is certainly the best known location for
earthquake risks lately, but it is not the only part of the country
vulnerable to earthquake hazards. Alaska is even more seismically
active than California, in fact. The—a massive 7.9 magnitude
earthquake underneath the Trans-Alaskan Oil Pipeline struck just
last November and we will hear from witnesses of this quake that
went unnoticed, largely thanks to some of our witnesses today and
the foresight and funding to mitigate the hazard when the pipeline
was being constructed.

The Eastern United States is not immune, either. A very large
fault centered in eastern Missouri was the site of one of the largest
earthquakes in American history, which had consequences all the
way to James Madison’s White House and the bells in Boston.
More recently, two smaller but noticeable quakes, one last week in
Alabama and one on Monday near Charlottesville, Virginia, I
think, surface to remind us that the threat is constant and far
reaching and indeed deserves the attention and the funding of tax-
payers from all over the Nation.

I look back at the progress from the first 25 years of NEHRP and
it shows that the program has contributed significantly to our abil-
ity to protect against earthquake hazards. Our understanding of
fault lines and seismic risks has improved dramatically, and we
know much more about how to build structures that perform well
even during severe earthquakes. And the question I think and the
challenge before us is how do we implement these precautions that
we know how to construct at the moment.

And without objection, the rest of my statement will be going
into the record, and I would call on the Ranking Member.

[The prepared statement of Mr. Smith follows:]

PREPARED STATEMENT OF CHAIRMAN NICK SMITH

Good afternoon and welcome to the first Research Subcommittee meeting of the
108th Congress. Today we meet to review the National Earthquake Hazards Reduc-
tion Program, NEHRP, in preparation for reauthorization later this year.

Established in 1977, NEHRP was created as the Federal Government’s response
to several large earthquakes in the United States and around the world that served
as a wake-up call to the significant threats that earthquakes posed to the people
and infrastructure in many of our heavily populated metropolitan areas.

While the West Coast—and California in particular—is certainly the best-known
location for earthquake risks, it is not the only part of the country vulnerable to
earthquake hazards. Alaska is even more seismically active than California—in fact
a massive 7.9 magnitude earthquake underneath the trans-Alaskan oil pipeline
struck just last November. As we will hear from our witnesses this quake went un-
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noticed, largely thanks to the foresight and funding to mitigate this hazard when
the pipeline was being constructed.

The Eastern United States is not immune either. A very large fault centered in
Eastern Missouri was the site of one of the largest earthquakes in American his-
tory—which in 1812 famously rang church bells in Boston and moved furniture in
James Madison’s White House. And more recently, two smaller but noticeable earth-
quakes—one last week in Alabama and one on Monday near Charlottesville, Vir-
ginia—serve to remind us that the threat is constant and far reaching. Indeed,
earthquakes are clearly not just a state or regional problem, but a nationwide prob-
lem, demanding nationwide mitigation.

A look back at the progress from the first 25 years of NEHRP shows that the pro-
gram has contributed significantly to our ability to protect against earthquake haz-
ards. Our understanding of fault lines and seismic risks has improved dramatically.
We know much more about how to build structures that perform well during even
the largest of earthquakes. And we now have technologies available for seismic mon-
itoring that provide real-time earthquake information to public officials and emer-
gency responders.

Despite these advances, our vulnerability to earthquakes has continuously in-
creased. Widespread development still occurs unabated in areas of high seismic risk.
Development, adoption, and enforcement of pertinent building codes have been in-
cremental and slower than expected. And now we see funding for available mitiga-
tion technologies at all levels of government has steadily declined in real terms. The
only exceptions are two brief increases following the 1989 and 1994 Loma Prieta
and Northridge earthquakes, respectively. While the reactive nature of Congres-
sional support for programs like NEHRP is a political reality, disasters should not
be the only time we acknowledge the importance of earthquake mitigation.

It is clear that NEHRP needs to be strengthened. In addition to funding chal-
lenges, several aspects of program leadership and coordination continue to be an on-
going problem. The low visibility of the program has also limited its success. Knowl-
edge and awareness of these needs within the Office of Management and Budget,
relevant appropriators, and even to some degree NEHRP agencies—has been too
low. Many outside of this committee and a small outside community of earthquake
interests—are unaware that this coordinated effort even exists. These factors need
to be addressed as we reauthorize the program.

Finally, I want to note my disappointment with the continued under-funding of
the Advanced National Seismic System (ANSS), the real-time seismic monitoring
system for which we authorized funds for construction and operation as part of the
last NEHRP authorization bill over three years ago. The earthquake community is
in almost unanimous agreement that funding ANSS should be a top priority—the
NEHRP Strategic Plan, the EERI Research and Outreach Plan, and the USGS Advi-
sory Committee recommendations all cite ANSS as the top priority—but this has
not translated to funding requests anywhere near the levels this committee author-
ized. We need to find a way to fund ANSS. We may not be able to do this with all
new funding, but rather have to find some trade-offs elsewhere in NEHRP, but we
have to follow up our recognition of its importance with funding.

Certainly we know that earthquakes cannot be prevented. But we can mitigate
their impact. That is why the NEHRP exists, and that is why we are here today
to discuss how we can improve the program.

We have a very esteemed panel of witnesses before us today that will present
some innovative ideas and opinions on how to best bring about meaningful improve-
ments to NEHRP. I thank them for appearing here today, and look forward to a
productive discussion.

Ms. JOHNSON. Thank you very much, Mr. Chairman. I thank you
for calling this hearing, and I am pleased to join you in welcoming
our witnesses today for this initial hearing on the National Earth-
quake Hazardous—Hazards Reduction Program. This hearing will
begin to lay the groundwork necessary for the Research Sub-
committee to develop authorizing legislation for this interagency
program. NEHRP was established 25 years ago to address the seri-
ous seismic hazard in the United States. It has the major goal of
determining how to lower the risks to people and to the built envi-
ronment.

Today, 75 million Americans and 39 states are directly vulner-
able to a serious earthquake. The potential economic losses in a
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large metropolitan area due to a major earthquake could be over
$100 billion. These facts make the justification for NEHRP self-evi-
dent and its relevance even after 25 years continues.

The Subcommittee’s attention will be directed to other questions
about the program. These include: how well is it being run, is it
focused on the highest priority issues, and is it adequately funded
to meet the goals? The witnesses today, hopefully, will describe the
accomplishments of NEHRP, and there have been many, but as we
approach the reauthorization of this program, it is important to
consider the areas where more needs to be done. On such—one
such area is the technology transfer that will bring into practice
what has been learned from the research activities—most effective
and economically ways for enhancing the seismic safety of the built
environment. Also, attention must be directed to deficiencies in the
planning and administration of the program.

In 1993, the former Chairman of the Science Committee, Mr.
George Brown, wrote the President to express his concerns about
NEHRP. He cited the lack of strategic planning, insufficient coordi-
nation and implementation of research results, and a lack of em-
phasis on mitigation. Unfortunately, most of these concerns are
still valid.

I am particularly disappointed with the performance of FEMA in
its role as the lead agency for NEHRP. The strategic plan FEMA
is statutorily mandated to develop and submit to Congress has
been in limbo for a very long while and has only now surfaced, just
in time for today’s hearing, but about 10 years overdue. In the last
NEHRP reauthorization in 2000, Congress directed FEMA to work
jointly with the other NEHRP agencies to prepare a detailed imple-
mentation plan and budget for the program for submittal to OMB
during the budget formulation process. I doubt that this has been
done for any budget year since the requirement was put into place.

FEMA was not able to provide a breakout of the various agen-
cies’ NEHRP budgets on the day the President’s fiscal year 2004
budget was released. Developing a NEHRP authorization bill, the
Subcommittee must reassess the current structure of the program,
including the roles and responsibilities of participating agencies.
We must determine whether FEMA, in its new status as a compo-
nent of the Department of Homeland Security, is willing and able
to provide the leadership needed to ensure a well coordinated, care-
fully planned, and effectively executed NEHRP.

Another major issue I look forward to exploring in this hearing
is the adequacy of the resources available for NEHRP. I invite the
witnesses to comment on whether the current funding is allocated
in optimum ways and to identify what they consider the most seri-
ous deficiencies of the program. If NEHRP were to receive an infu-
sion of funding, what are the priorities that deserve attention? I
would also welcome suggestions on how NEHRP could help accel-
erate the transfer of research findings to practical mitigation prac-
tices.

Mr. Chairman, I want to thank you for calling the hearing. And
I might have to leave since I am working with another Committee,
but I do—1I would like the answers. Thank you very much.

[The prepared statement of Ms. Johnson follows:]
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PREPARED STATEMENT OF REPRESENTATIVE EDDIE BERNICE JOHNSON

Mr. Chairman, I am pleased to join you in welcoming our witnesses today to this
initial hearing on the National Earthquake Hazards Reduction Program. This hear-
ing will begin to lay the groundwork necessary for the Research Subcommittee to
develop authorizing legislation for this interagency program.

NEHRP was established 25 years ago to address the serious seismic hazard in the
United States. It has the major goal of determining how to lower the risk to people
and to the built environment. Today, 75 million Americans in 39 states are directly
vulnerable to a serious earthquake. The potential economic losses in a large metro-
politan area due to a major earthquake could be over $100 billion.

These facts make the justification for NEHRP self evident, and its relevance, even
after 25 years, continues. The Subcommittee’s attention will be directed to other
questions about the program. These include: how well is it being run, is it focused
on the highest priority issues, and is it adequately funded to meet its goals?

The witnesses today will describe the accomplishments of NEHRP, and there have
been many. But, as we approach the reauthorization of the program, it is important
to consider the areas where more needs to be done. One such area is the technology
transfer that will bring into practice what has been learned from the research ac-
tivities about the most effective and economical ways for enhancing the seismic safe-
ty of the built environment. Also, attention must be directed at deficiencies in the
planning and administration of the program.

In 1993, the former Chairman of the Science Committee, George Brown, wrote the
President to express his concerns about NEHRP. He cited the lack of strategic plan-
ning, insufficient coordination and implementation of research results, and a lack
of emphasis on mitigation. Unfortunately most of these concerns are still valid.

I am particularly disappointed with the performance of FEMA in its role as the
lead agency for NEHRP. The strategic plan FEMA is statutorily mandated to de-
velop and submit to Congress has been in limbo for a long while and has only now
surfaced, just in time for today’s hearing, but 10 years overdue.

In the last NEHRP reauthorization in 2000, Congress directed FEMA to work
jointly with the other NEHRP agencies to prepare a detailed implementation plan
and budget for the program for submittal to OMB during the budget formulation
process. I doubt that this has been done for any budget year since the requirement
was put in place. FEMA was not able to provide a breakout of the various agencies’
NEHRP budgets on the day the President’s FY 2004 budget was released.

Mr. Chairman, in developing the NEHRP authorization bill, the Subcommittee
must reassess the current structure of the program, including the roles and respon-
sibilities of the participating agencies. We must determine whether FEMA, in its
new status as a component of the Department of Homeland Security, is willing and
able to provide the leadership needed to ensure a well coordinated, carefully
planned, and effectively executed NEHRP.

Another major issue I look forward to exploring in this hearing is the adequacy
of the resources available for NEHRP. I invite the witnesses to comment on whether
the current funding is allocated in optimum ways and to identify what they consider
are the most serious deficiencies of the program. If NEHRP were to receive an infu-
sion of funding, what are the priorities that deserve attention? I would also welcome
suggestions on how NEHRP could help accelerate the transfer of research findings
to practical mitigation measures.

Mr. Chairman, I want to thank you for calling this hearing and thank our wit-
nesses for appearing before the Subcommittee today. I look forward to our discus-
sion.

Chairman SMITH. The Chair would like to align himself with
your comments, Congresswoman Johnson, particularly your sugges-
tion to FEMA that better late than never, but better on time than
being late. And so with that, if there is no objection, all additional
opening statements by the Subcommittee Members would be added
to the record. And without objection, so ordered.

At this time, I would like to introduce our panelists. Mr. Anthony
Lowe is the Administrator of the Federal Insurance Mitigation Ad-
ministration for FEMA. Mr. Robert Olson is President of the Rob-
ert Olson Associates, Incorporated. Mr. Lloyd Cluff is Director of
Geosciences and Earthquake Risk Management at Pacific Gas and
Electric Company and Chair of the USGS Federal Advisory Com-
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mittee for NEHRP. And Dr. Tom O’Rourke is the President of the
Earthquake Engineering Research Institute at Cornell University
and civil and environmental engineering professor. And Dr. Law-
rence Reaveley is Professor of Civil Engineering, but will be more
completely introduced by Mr. Matheson.

Mr. MATHESON. Well, thank you, Mr. Chairman, and Ranking
Member Johnson. I appreciate having the opportunity to introduce
my constituent, Dr. Lawrence Reaveley. And very briefly, he has 40
years of experience in structural engineering, earthquake code de-
velopment, and earthquake risk mitigation, and he also assessed
damaged concrete buildings following the 1999 earthquake that
devastated Turkey as part of an Advanced Technology Council Sur-
vey Team. Currently, Dr. Reaveley is Professor and Chair of the
Department of Civil and Environmental Engineering at the Univer-
sity of Utah. He also serves as the President of the Structural En-
gineering Association of Utah. He was just telling me he was in-
volved in the seismic retrofit of the Federal building in downtown
Salt Lake City for which he—GSA [General Services Administra-
tion] recognized that effort with an award.

Thanks to the Utah Legislature, I no longer have that building
in part of my district, so my office is no longer in that building, but
we were there for the construction. Dr. Reaveley, it is really a
pleasure to have you here today, and I want to thank you for your
participation in this hearing and look forward to your comments.

Chairman SMITH. Thank you. And we no longer formally admin-
ister the oath, but you are, in effect, under oath testifying before
a panel of the United States Congress. And Mr. Lowe, as best you
can, limit to about five minutes, but thereabouts we would be com-
fortable with. Mr. Lowe.

STATEMENT OF MR. ANTHONY S. LOWE, ADMINISTRATOR,
FEDERAL INSURANCE MITIGATION ADMINISTRATION; DI-
RECTOR, MITIGATION DIVISION, EMERGENCY PREPARED-
NESS AND RESPONSE DIRECTORATE (FEDERAL EMERGENCY
MANAGEMENT AGENCY), DEPARTMENT OF HOMELAND SE-
CURITY

Mr. Lowe. Thank you. Thank you so much. Chairman Smith,
Ranking Member Johnson, Members of the Subcommittee, my
name is Anthony S. Lowe, Federal Insurance Administrator and
Director of the Mitigation Division of FEMA in the Department of
Homeland Security. On behalf of the National Earthquake
Hazard— —

Chairman SMITH. Mr. Lowe, just a second. Sorry for the inter-
ruption. What is happening now? It is—they are calling a vote,
which sometimes disrupts the proceedings, but we will go along
with at least your testimony and then we will recess for five min-
utes to make the vote. So excuse the interruption.

Mr. Lowe. Thank you so much. I am used to being over on the
Senate side where the buzzer is a little different, and you have got
the clock with the lights on it. So I was looking around the room,
but I didn’t see one. Okay. I guess we need lights over there. You
are a little more sophisticated on this side, I think.

Nevertheless, as I said, on behalf of the National Earthquake
Hazards Reduction Program, NEHRP, we appreciate the invitation
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to appear today before the Subcommittee on Research. The Com-
mittee has asked me, and so I am joined by Craig Wingo, head of
our Engineering Science and Technology Program. Congress as-
signed the Federal Emergency Management Agency, FEMA, the
core of the Department of Homeland Security’s Emergency Pre-
paredness and Response Directorate, to serve as the lead agency
for NEHRP. Our role, in reality, is leadership among equals. And
that also includes the United States Geological Survey, USGS, the
National Science Foundation, NSF, and the National Institute of
Standards, NIST.

This past year, as you know, marks the 25th year since Congress
first authorized NEHRP, and I am pleased to report that it is
sound. In our role as lead federal agency, we are implementing a
number of results-oriented management initiatives so that we can
build upon the program’s past successes and current strengths. We
will accomplish this while maintaining strong partnerships with
other NEHRP agencies and stakeholders. These partnerships have
been vital to our success over the past 25 years, and they are also
key to our future success.

As you may be aware, we recently co-sponsored a forum with the
other NEHRP agencies and the National Academy of Sciences to
celebrate the 25th anniversary of the program and its many suc-
cesses. Mr. Chairman, with your permission, I would like to
present a brochure from that forum that illustrates just ten of the
programs accomplished over the past 25 years.

[Note: The information referred to is located in Appendix 3: Addi-
tional Material for the Record.]

Thank you so much. Two other more notable accomplishments
are we now have a nationally applicable seismic building standard
that serves as a basis for the Nation’s modeling—model building
codes, and many states are adopting those provisions in their own
codes. Also, we have made significant progress in providing seismic
design guides for the Nation’s lifelines, such as power, water,
transmission, and the critical infrastructure such as bridges and
hospitals.

Fundamental to NEHRP’s mission is that our earthquake loss re-
duction efforts are built upon a solid foundation of basic as well as
applied research. To further that goal, FEMA, in concert with other
NEHRP agencies, has completed the development of the NEHRP
strategic plan, which has been referred to by the Committee.

Mr. Chairman, with your permission, I would also like to submit
another copy, for the record, of the strategic plan.

[Note: The information referred is located in Appendix 3: Addi-
tional Material for the Record.]

As you know, this plan represents considerable coordination
among our NEHRP— —

Chairman SMITH. Is that a different— —

Mr. LOowE. No, it is the same.

Chairman SMITH [continuing]. Plan from the first?

Mr. LowE. No. This plan represents considerable coordination
among our NEHRP partner agencies and stakeholders to arrive at
a national consensus document, and we all are pleased with the re-
sults. Now, however, that the strategic plan is in place, I have con-
sulted with my counterparts from the other NEHRP agencies,
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which is called the Policy Coordination Council, PCC, to begin to
develop a management plan.

I am going to just divert from my remarks a little bit and say
a couple of words in reference to what has been said so far by both
you, Mr. Chairman, as well as the Ranking Member. At the 25th
anniversary celebration, what we were able to do is certainly cele-
brate the 25 years of accomplishments, but we did so without the
strategic plan, which of course, really was the guiding document for
the work that had been begun even before its passage and now
really sets the stage. But with the strategic plan, my objective
there and now was to operationalize that strategic plan. And the
first part of that was to call for the first meeting of the PCC, the
political heads, as well as the executive policy heads of the four
NEHRP agencies, because in order for us to thoroughly carry out
the strategic vision that the strategic plan calls for, it needs the
commitment, both monetarily as well as staff-wise and expertise-
wise, and also, if you will, the commitment of the synergy of our
missions to really achieve the results that we are looking for. And
so sitting with the four principals, we all decided that what we
really needed was a management plan. And the purpose of that
management plan, of course, is to provide monetary and control,
both the systems to monitor as well as the process to, if you will,
begin to implement the strategic plan.

In addition, I called for, at that time, an annual plan, which
would be really the operation and the program of work by which
the ICC, which are Craig and the other program level folks who,
if you will, take care of the day-to-day operations, would lead their
work by, that way we all could look at what we are asking them
to do that is coming from the strategic plan and then be able to
monitor that against a set of performance metrics, which the man-
agement plan would call for and would be monitored.

We also, of course, during that process, want to be able to contin-
ually evaluate programming, budgeting, planning, execution. We
want to begin to be able to do that at the management level. And
so I think this process allows us to do that.

[Slide.]

The next slide, very quickly, shows the many advisory groups
that have been involved in this strategic planning process up to
this point. The last thing I would say about the management plan
is the purpose here in part is to carry out the full spirit of Section
206, which I—which really has to be done at the highest level of
all of the agencies.

That concludes my testimony. I look forward to any questions
you may have.

[The prepared statement of Mr. Lowe follows:]

PREPARED STATEMENT OF ANTHONY S. LOWE
Chairman Smith, Ranking Member Johnson, and Members of the Subcommittee,

I am Anthony S. Lowe, Federal Insurance Administrator, and Director of the Miti-
gation Division of the Emergency Preparedness and Response Directorate in the De-
partment of Homeland Security. On behalf of the National Earthquake Hazards Re-
duction Program, or NEHRP, we welcome and appreciate the invitation to appear
today before the Subcommittee on Research. I am joined by Craig S. Wingo, head
of our Engineering Science and Technology Unit.
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I would like to do three things today: first, share with the Subcommittee what
we

have accomplished under NEHRP during the past two years; second, review for
the Members our roles and responsibilities as lead agency of NEHRP; and finally,
look to what lies ahead for NEHRP, especially in the post-9/11 environment.

Congress assigned the Federal Emergency Management Agency (FEMA), now the
core of the Department of Homeland Security’s Emergency Preparedness and Re-
sponse Directorate, to serve as the lead federal agency for NEHRP. Our lead role
is in reality a leadership among equals that also include the United States Geologi-
cal Survey (USGS), the National Science Foundation (NSF), and the National Insti-
tute of Standards and Technology (NIST).

This past year marked 25 years since Congress first authorized NEHRP. We are
pleased to report that the state of NEHRP is sound, and, in our role as lead federal
agency, we are implementing a number of results-oriented management initiatives
so that we can build upon the program’s past successes and current strengths. Fur-
ther, we will accomplish this while maintaining strong partnerships with the other
NEHRP agencies, State and local governments, academia, the research community,
code enforcement officials, design professionals, and the remainder of the private
sector. These partnerships have been vital to the success of NEHRP during the past
25 years, and they will be key to our continued success in what lies ahead to reduce
the exposure of our people, our economy, and our overall security as a nation to the
threats of earthquakes and other related hazards.

Specifically, we are responsible for the overall coordination of the NEHRP, both
within the Federal Government and with external constituencies. By Congressional
mandate, we prepare a consolidated multi-year plan and periodic reports to Con-
gress. We also translate the results of research and technology into effective earth-
quake loss reduction methodologies, and we administer a program of grants and
technical assistance to States and multi-state consortia. These activities heighten
public awareness of the earthquake hazard and foster plans to reduce seismic vul-
nerability.

We also support the development and dissemination of improved seismic design
and construction criteria for new buildings and retrofit guidance for existing build-
ings. This material is made available to design professionals, and Federal, State and
local entities for voluntary use through model building codes and standards.

NEHRP is a key component in the Department’s mission to secure and protect
this nation because earthquakes represent the largest single potential for casualties,
damage, and economic disruption from any natural hazard facing this country. All
but 11 States and territories are at some level of earthquake risk.

The National Security Council (NSC) in 1982 underscored the threat of earth-
quakes to the United States and estimated that a large magnitude earthquake in
urban areas could cause thousands of casualties, and losses approaching $200 bil-
lion. The NSC issued a report identifying the need for FEMA to develop a federal
interagency response plan for the life-saving and life-protecting phases of a disaster
operation to assist States and localities since States and localities would, in many
cases, be overwhelmed in the first days after a catastrophic earthquake. In the 20
years since this report was completed, our improved knowledge of the earthquake
hazard has only served to buttress the Council’s findings.

Recent findings from the USGS show a significantly increased potential for dam-
aging earthquakes in both southern and northern California. Studies also show
higher potential of earthquakes for the Pacific Northwest, the New Madrid fault
zone in the central U.S., and coastal South Carolina. This exposure is in addition
to other areas of earthquake risk, such as New England and the Wasatch front in
Utah. We know that while earthquakes may be inevitable, earthquake disasters are
not.

Furthermore, earthquakes in critical locations can have national economic con-
sequences. For example, a major earthquake in the central United States on the
New Madrid fault might well disrupt oil and gas distribution to the Northeast, grid-
lock barge traffic on the Mississippi River, and disrupt travel and communications
hubs that serve national and international markets.

The good news is that we can reduce the earthquake risk that our nation faces
through a shared responsibility under the NEHRP. In the face of this threat,
NEHRP is working and succeeding.

Since we last appeared before you, our country has experienced several large-scale
events, most notably the Nisqually earthquake outside of the Seattle area in Feb-
ruary 2001. The Nisqually event was roughly the same magnitude as our largest
recent earthquake disaster, the January 1994 Northridge earthquake. That latter
event, located on the fringe of a major metropolitan area, caused over $30 billion
in damage. However, the epicenter of the Nisqually earthquake was fairly deep in
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the earth, and this depth served to significantly reduce surface ground motions and
resultant damages. Nonetheless, we need to recognize the City of Seattle for their
significant mitigation activities and the effective building code which helped further
reduce the impact of the event. By comparison, the Kobe, Japan earthquake dem-
onstrated the impact of an event of similar size located directly under a major met-
ropolitan area. The result was over $100 billion in damages and approximately
5,500 fatalities in Kobe, a city strikingly similar to Oakland, California in its prox-
imity to the sea with resultant poor soil conditions, and the fault which runs
through the middle of the city.

The depth of the Nisqually earthquake, which served to reduce its effects at the
surface by at least a full point of magnitude, and the timing of both the Northridge
earthquake, which occurred at four in the morning on a holiday, and the Loma
Prieta earthquake, which shook the San Francisco Bay area on a day when many
had left work early to watch the World Series game, all worked to lessen the impact
of these events. Thus, thankfully, we avoided the types of losses that Kobe suffered,
but we cannot ignore their warning signs.

Many of NEHRP’s activities include taking what research has discovered and
what technology has developed and translating those findings into practical seismic
risk reduction measures as well as training, education, and advocacy for earthquake
hazard mitigation measures. In these activities the NEHRP agencies work together,
work with other Federal and State agencies, universities, and private, regional, vol-
untary and professional organizations. The end results are safer buildings, safer in-
frastructures, more aware citizens, and more proactive State and local governments.

As you may be aware, we were pleased to have recently co-sponsored a forum with
the other NEHRP agencies and the National Academy of Sciences celebrating the
25th anniversary of the program and its many successes. Mr. Chairman, I have a
brochure from that forum that illustrates just 10 examples of the program’s suc-
cesses over the past 25 years. With the Committee’s permission, I would like the
brochure to be included in the record. A number of representatives of the stake-
holder community who have been so instrumental in the success of the NEHRP pro-
vided input for this brochure, and I am pleased to see some of them here today.

In addition to the 10 examples listed in the 25th anniversary brochure before you,
there have been many more successes. Among them are the following:

e At the program’s inception 25 years ago, the geologic theory of plate tectonics
was less than 10 years old, and we really did not understand how earth-
quakes worked. We now have significantly more knowledge of the faults lo-
cated throughout our country and how they work. This may allow us eventu-
ally to forecast, if not actually predict, future activity.

e When Congress first authorized NEHRP in 1977, the only State with an ade-
quate seismic building code was California, and that code was not applicable
outside of the State. We now have a nationally applicable seismic building
standard. It serves as the basis for the seismic requirements in the Nation’s
model guilding codes, and many States are adopting those provisions in their
own codes.

e We now have earthquake engineering research centers throughout the coun-
try funded through NSF that are continuing to add to the body of knowledge
about earthquakes and their effects. Soon we will have a national high-speed
Internet system in place that will allow researchers to access and participate
in research work from anywhere in the country.

e We now have design guidance in place that addresses the risk from existing
buildings, and we have facilitated the introduction of this material into the
Nation’s building codes and standards.

e We have begun the process of providing seismic design guidance for the Na-
tion’s lifelines, such as buried pipelines and water systems, and other critical
infrastructure.

e We now have seismic expertise at the State and local level throughout the
country that has done much to implement the program and reduce future
losses.

. While the Program has been a success by all measures, it is not without its chal-
enges.

The Earthquake Hazards Reduction Act of 1977 (Act) designated FEMA as the
lead agency of a program consisting of four federal agencies with different cultures
and different charters, each with its own budget. The Act did not, however, author-
ize us to direct resources to where the Program may have the greatest need. In spite
of this challenge, the NEHRP has accomplished what it has through collaboration
and cooperation.
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That spirit of cooperation must continue. Toward that end, I assure this sub-
committee that the Interagency Coordinating Committee, consisting of the four
agencies’ program managers, will continue to meet on a bimonthly basis to improve
communication with respect to our program activities. In addition, I recently held
a meeting of the Policy Coordination Committee, with my three counterparts from
the other NEHRP agencies, and I plan to hold these meetings three times a year.

But fundamental to NEHRP’s mission is that the Nation’s earthquake loss reduc-
tion efforts are built upon a solid foundation of basic and applied research. To fur-
ther that goal, FEMA, in concert with the other NEHRP agencies, has completed
the development of the NEHRP Strategic Plan, Using Knowledge to Reduce Earth-
quake Losses. Mr. Chairman, with your permission, I would like to submit this stra-
tegic plan for the record.

All four agencies worked closely throughout this process, and we believe this Plan
and the way it was developed have been responsive to the March 1997 letter co-
signed by then-Chairman Sensenbrenner and Ranking Member Brown. That letter
raised the concerns that the NEHRP was not sufficiently focused on actions to re-
duce future earthquake losses and specifically requested the development of a stra-
tegic plan for the program. This Plan is the product of a considerable amount of co-
ordination among our NEHRP partner agencies as well as all of our outside part-
ners, and we are all pleased with the results.

This process required more time than we anticipated, but the Plan before you has
the approval of the NEHRP agencies and its stakeholders. While the production of
the Plan itself may have been delayed, let me assure you that the material con-
tained in the Plan, the four goals and all that they represent to the Program, have
been in use by the four agencies and many of our partners for quite some time.

The NEHRP Strategic Plan cites the following mission for NEHRP to provide ef-
fective, timely guidance as we work to improve seismic safety in this country:

“The mission of the National Earthquake Hazards Reduction Program is to de-
velop and promote knowledge and mitigation practices and policies that reduce
fatalities, injuries, and economic and other expected losses from earthquakes.”

To achieve this mission, the Strategic Plan spells out four goals:

. Develop effective practices and policies for earthquake loss-reduction and ac-
celerate their implementation;

. Improve techniques to reduce seismic vulnerability of facilities and systems;

. Improve seismic hazard identification and risk-assessment methods and
their use; and

D. Improve the understanding of earthquakes and their effects.

Qw

The goals are deliberately ordered, beginning with the most important, that is,
reducing losses, followed by successive goals, each of which provides a basis for the
previous one, ending with a solid foundation of basic and applied research.

With the completion of the NEHRP Strategic Plan, the next challenge is the co-
ordination of program research within that framework.

While research alone increases our knowledge of earthquakes, it must be coordi-
nated and applied to reduce future losses to be effective. Dr. Dan Abrams of the Mid
America Earthquake Center recently wrote an excellent article detailing this need
for improved coordination of research.

To this end, I have directed the formation of a subcommittee of the FEMA-chaired
Interagency Coordination Committee to specifically address research coordination
issues. The National Science Foundation has volunteered to chair the initial term.
This Research Coordination Subcommittee is charged with developing a Research
Coordination Plan of Work, which will be an operational component of the overall
NEHRP Strategic Plan. This Subcommittee will be chaired on a rotating basis by
each of the three NEHRP agencies that conducts research.

While research will always be an integral component of NEHRP, we believe that
NEHRP will need to shift the program’s emphasis from primarily one of research
to the application of research results to reduce losses. Our knowledge has now
reached the point where we have to effectively implement the results of this work
to reduce earthquake losses. I have directed the Research Subcommittee to address
this issue in its work. I have also directed this group to reassess the NEHRP role,
particularly the USGS, in producing cost-effective earthquake prediction technology,
as called for in the 1977 legislation. This is a key complementary component to en-
hance the existing seismic monitoring program within the USGS.

I will make certain that the work of this subcommittee is closely coordinated with
my colleagues. I intend to coordinate this subcommittee’s work with the new De-
partment of Homeland Security Science and Technology Directorate to leverage ef-
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forts in both areas in an all-hazards framework which will benefit both NEHRP and
the Science and Technology Directorate.

Building upon the NEHRP Strategic Plan and my goal of a performance-driven,
results-oriented Program, I would like to present our vision for the future of the
Program. For NEHRP to remain relevant in the 21st century, it is no longer enough
to study the earthquake problem; we must also develop and implement effective
mitigation solutions. This means that the Program agencies must continue to evalu-
ate our priorities and focus our activities in ways that will emphasize implementa-
tion of the Program. The Program must be able to provide not only the tools needed
to reduce future losses, but also the incentives to encourage their use.

NEHRP has been extremely successful in developing an impressive array of miti-
gation technologies that have been used very effectively by engineers, architects and
building regulators when they have been given the resources to address the hazard.
The problem, however, is that there has been little incentive or public demand to
provide the resources necessary to reduce the risk.

This is partially due to a lack of understanding or knowledge of the actual seismic
threat which exists in any given area. It is also due to the faulty assumptions that
designing and building to the building codes currently in place in many communities
will result in a completely damage-free structure and that when there is damage,
the Federal Government will invariably fund the necessary repairs through disaster
assistance to make the building whole again. Both assumptions are false.

Building codes in general only provide the minimum level necessary to protect
lives, and do little to prevent damage. In addition, as you know, federal disaster as-
sistance was never meant to replace insurance.

Changing perceptions is key to serving the basic mission of NEHRP. Just as the
American consumer has come to consider the safety of a vehicle to be a significant
factor when buying a car, we envision a future where one of the key criteria in buy-
ing a house or building will be its safety from all hazards—how well was the build-
ing designed and constructed and whether it is certified to meet or even exceed a
certain level of code performance and an associated level of safety.

Unfortunately, one of the major weaknesses of the NEHRP is our lack of leverage
for local and State levels of government to implement earthquake risk-reduction
measures. So we must look for and find ways to provide this leverage with incen-
tives and rewards for communities at risk that adopt and enforce adequate mitiga-
tion standards.

The current public policy emphasis on pre-disaster mitigation and on improving
the preparedness of local emergency management offers new avenues that we need
to pursue in order to get our earthquake disaster-resistance message into the hands
of those who can best use this information. Our hope is that pre-disaster mitigation
activities will serve both as the catalyst and the foundation for future risk-reduction
activities by public and private sector interests.

Ultimately, the Program will need to explore possible incentives that will encour-
age the use of our technology by the American public. Several years ago a study
done by the Earthquake Engineering Research Institute, with NEHRP funding from
FEMA and the State of California, provided some possible incentives. The findings
of this study need to be pursued. I have directed the FEMA earthquake program
staff to explore possible incentives and develop recommendations that would allow
us to promote their use.

However, all of this will require a careful review to ensure the best use of the
resources of all of the parties—public and private. This means that we need to em-
phasize those aspects of our program that offer the greatest promise of helping com-
munities and individuals acknowledge their risk, accept responsibility for reducing
that risk, and take appropriate actions to become more disaster-resistant. It is the
intention of the Program to use this strategic planning process to focus more heavily
on this facet of our responsibilities.

As I have indicated, a key to the success of NEHRP has been, and will continue
to be, an effective translation of research to practice. A major element of this trans-
lation is a strong approach to communicating risk to different audiences in different
parts of the country. The perception of the earthquake threat in California, where
earthquake loss reduction is viable and risk perceived as probable, is far different
than in other areas of the country, such as the New Madrid region with its high
loss and low probability of occurrence, where the perception of risk is minimal. The
general population of New England and other areas on the east coast represent an
even greater contrast in that there is little perception of earthquake risk. A risk
communications strategy will need to acknowledge these differences.

The NEHRP agencies need to shift some of the focus of their research efforts to
put a greater emphasis on behavior to understand how to influence perceptions, how
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to effectively communicate information in a way that helps those affected to not only
understand their risk but begin to manage it as well.

We have already started this shift in emphasis. This Subcommittee tasked FEMA
with determining how effective the Program is in addressing the needs of at-risk
populations, such as the elderly, people with disabilities, non-English-speaking fami-
lies, single-parent households, and the poor. We found that there were a number
of documents and delivery mechanisms directed at some of these audiences. The re-
sults, however, were mixed.

It is apparent from the conclusions of the report, The National Earthquake Haz-
ards Reduction Program and At-Risk Populations, which 1 have previously sub-
mitted under separate cover, that there are strategic opportunities that can increase
the effectiveness of NEHRP agencies in addressing at-risk populations. Specifically,
we found that there are five broad-based areas of opportunity:

1. Leadership: Increase emphasis at the national and regional levels.

2. Research: Encourage the development of a research agenda that integrates
the vulnerabilities of the at-risk populations with earthquake science, risk
communication, risk mitigation, and disaster management.

3. Communications/Educational Outreach: Develop risk-reduction outreach
that is relevant to at-risk populations.

4. Technology: Promote the application of research, informational tool devel-
opment, and building and social science technology issues to the at-risk pop-
ulations.

5. Policy: Reflect commitment through new and renewed policy approaches.

One area of opportunity that our report cites is the schools. They provide the best
immediate mechanism for affecting a positive change and disseminating information
to at-risk populations on hazards and how to reduce or avoid them. In addition,
working through the schools offers a number of possibilities for working with other
federal partners, such as the Department of Education and Centers for Disease Con-
trol and Prevention, which are not directly involved in the NEHRP but have an ex-
tensive involvement with various aspects of education policy and procedures. By
taking advantage of these opportunities in a collaborative, inclusive manner, the
Program will further achieve its defined mission and reduce losses among the most
socially vulnerable populations.

With the Program’s new emphasis on risk communication, we will bring a system-
atic approach to taking our understanding of people in their environment and apply
it to the way in which we disseminate technically based information. Included in
this systematic approach will be the development of metrics to evaluate the effec-
tiveness of our communications in raising awareness and motivating risk-reduction
activities at the individual and community levels.

One of FEMA’s roles as lead agency under NEHRP is to present this sub-
committee with a report covering our activities for fiscal years 2001 and 2002. I
have previously provided the completed NEHRP Biennial Report under separate
cover.

The Biennial Report outlines many activities of the agencies and highlights State
and local efforts to reduce earthquake risk. It illustrates how the Strategic Plan is
already being used as a guide by the earthquake community in their efforts to meet
the four program goals. The report gives you an idea of just how much is being ac-
complished from this relatively small program.

The final NEHRP lead agency responsibility I want to mention is our reporting
on the NEHRP budget. The actual Program budget numbers for the last two fiscal
years have already been sent to Committee staff under separate cover. We have al-
ready reported on the other three NEHRP agencies’ budgets for FY 2003. FEMA’s
FY 2003 NEHRP budget, approximately $19 million, represents level funding from
FY 2002, less a Congressional rescission of 0.65 percent, applied to all programs.
The FY 2004 budget request will be at the FY 2003 level. However, approximately
$4.4 million will be transferred from the Emergency Management Performance
Grant program to the Office of Domestic Preparedness.

The breakout among the agencies continues to be approximately 48 percent for
the USGS; 35 percent for NSF; 15 percent for FEMA; and a little over 2 percent
for NIST. Over and above those figures are: The USGS Global Seismic Network at
approximately $3.5 million; and NSF’s George E. Brown, Jr. Network for Earth-
q}lllake Engineering Simulation (NEES) at $24.4 million last year and $13.5 million
this year.

One of the best examples I can offer of how we are effectively using our resources
is the updating of the NEHRP Recommended Provisions for New Buildings. This
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document serves as the basis for the Nation’s seismic code language and is updated
for us every three years by the National Institute of Building Sciences’ Building
Seismic Safety Council to maintain its consensus backing. This updating relies
heavily on the efforts of volunteers, and it has been estimated that we get eight dol-
lars of work for every dollar we spend.

I would also like to share with the Subcommittee the role of NEHRP as FEMA
has become an integral part of the Department of Homeland Security.

This consolidation of agencies into DHS focuses greater resources on protecting
people and property from all hazards—natural and man-made. The creation of the
Department of Homeland Security offers us the opportunity to share our successes
and the lessons learned from NEHRP and our other natural hazard mitigation pro-
grams and leverage them to address other perils.

That does not mean that there is any reduction in focus or commitment to serve
the underlying mission of the NEHRP; however, since earthquakes do not happen
with sufficient regularity to remain in the collective memory, it often appears that
there has been a diminished earthquake presence in the NEHRP agencies. The
earthquake threat is still very real, and it is this hazard that still holds the greatest
potential of all natural hazards to cause death and destruction in a single moment.
Several faults in this country have the potential to create the most catastrophic dis-
astel;" we have ever faced. The earthquake hazard is a critical part of our all-hazards
work.

NEHRP is one of the only federal programs that has experience in preparing for,
responding to, recovering from, and mitigating the future effects of large-scale disas-
ters. This experience can be transferred to the Nation’s work and mission to protect
our nation from the threats of terrorism.

Some examples where this experience can support the Nation’s risk of terrorism
include the following:

e Seismic design criteria developed under the NEHRP have been proven to pro-
vide a significant level of resistance to other outside loads, such as blast, and
has proven to prevent progressive collapse such as that which occurred in the
Oklahoma City bombing.

e The NEHRP has already developed and is currently implementing a plan to
improve the protection of lifelines and critical infrastructure. The current
American Lifelines Alliance, supported by FEMA’s NEHRP funds and based
on a plan developed by NIST, has already accomplished much to address the
protection of this vital link, and we are expanding this program to improve
protection from man-made hazards.

e The NEHRP has made significant investments in improving post-event recon-
naissance and the collection and analysis of damage data, and these invest-
ments have already had direct benefits after 9/11. The ability to rapidly ex-
amine buildings after a damaging event and tag them based on their level
of damage and habitability is critical after a large disaster. The NEHRP fund-
ed an existing system known as “ATC-20,” that was quickly modified by New
York engineers and used after the WTC attacks to evaluate surrounding
buildings. Such a resource will be needed after future damaging events, no
matter what the cause, and we are working with ATC to expand this program
to other hazards.

The ability to design a new building or an upgrade to an existing building
to achieve a defined level of performance to mitigate a specific hazard is crit-
ical to reducing future losses economically. FEMA, through the NEHRP, has
already funded the first two phases of a project to develop Performance-Based
Design Guidance to meet this capability. We have already taken steps to ex-
pand this program beyond seismic hazards to include fire and blast as well.

e The ability to screen, evaluate, and upgrade existing buildings to improve
their resistance to external forces is an important process in reducing the risk
from structures built prior to current building codes. Current FEMA-NEHRP
publications provide guidance on how to visually screen existing buildings to
identify those that are potentially hazardous, how to perform more detailed
evaluations on those potentially hazardous buildings, and how to upgrade
those buildings to satisfy minimum safety criteria. Such a system of guidance
publications has considerable applicability in addressing man-made hazards,
and we are working to adapt these publications to reflect this.

e The urban seismic networks that the USGS is trying to develop under the Ad-
vanced National Seismic System (ANSS) would be capable of detecting, locat-
ing, and timing explosive blasts in urban areas. The WTC impacts and col-
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lapses, the Pentagon impact, and the Oklahoma City bombing were all re-
corded on seismographs.

o NEHRP assets were used in the development of our current Urban Search
and Rescue Program, and helped fund the development of some recent tech-
nologies such as robots for search, rescue and recovery following earthquakes
and other natural hazard events. It was this same Urban Search and Rescue
Program that was so visible immediately after the 9/11 attacks.

o NEHRP investments in earthquake disaster risk assessment such as the de-
velopment of Hazards US, or HAZUS, have been extended to include multi-
hazard risks from hurricane, wind and coastal flooding, and to develop inte-
grated risk assessment methodologies to manage social and infrastructural
vulnerability.

o NEHRP investments in testing equipment and cyber infrastructure, including

the NSF’s George E. Brown, Jr. Network for Earthquake Engineering Simula-

tion, are used to investigate and mitigate earthquake vulnerability in critical
infrastructure systems. These facilities are also used for study of infrastruc-
ture performance and damage under any kind of hazard.

Building on previous work under the NEHRP, NIST is already working with

the private sector to develop needed tools and guidance for improving overall

structural integrity by mitigating progressive collapse.

Through the Hazard Mitigation Grant Program (HMGP), which is authorized
under Section 404 of the Robert T. Stafford Disaster Relief and Emergency Assist-
ance Act, FEMA has funded several projects that have improved earthquake resist-
ance, even though the availability of funding was triggered by a different event. As
a result of the WTC attacks, FEMA and the State of New York have funded the
seismic upgrade of two major transportation facilities: the George Washington
Bridge and the Port Authority Bus Terminal for a total of $61 million. This is an
excellent example of how the NEHRP has helped to shape decisions at the State
and local level, and has influenced their priorities.

In conclusion, in spite of its many challenges, the NEHRP has been a success and
has done a great deal to improve this nation’s ability to prepare for, respond to, re-
cover from, and mitigate future earthquakes.

It is beneficial to look back and celebrate our successes over the last 25 years,
and we have many to be proud of. It is also meaningful to look forward and plan
where we are heading in the next 25 years. As part of the Department of Homeland
Security, I can assure you that we will continue to lead the NEHRP to protect the
American people from the earthquake hazard.

I want to express my appreciation for the consistent support and counsel of this
subcommittee and look forward to our continuing association in addressing the chal-
lenges before us.

Thank you, and I will be happy to answer any questions that the Subcommittee
may pose.

BIOGRAPHY FOR ANTHONY S. LOWE

Anthony S. Lowe was appointed director of the mitigation division of the Emer-
gency Preparedness & Response Directorate/FEMA, in the newly created Depart-
ment of Homeland Security, in March 2003. He continues to serve as the Federal
Insurance Administrator, a role to which he was nominated by President Bush in
March 2002. Mr. Lowe is responsible for providing leadership for some of the Na-
tion’s leading multi-hazard risk reduction programs, which seek to secure the home-
land from hazards both natural or manmade. His areas of oversight include the Na-
tional Flood Insurance Program, the National Earthquake Hazards Reduction Pro-
gram, the National Dam Safety Program and the National Hurricane Program. In
his position, Mr. Lowe works closely with public and private risk managers, as well
as leaders in government, industry, research and academia.

Before assuming this post, Mr. Lowe was the senior legislative counsel for the
U.S. Senate Judiciary Subcommittee on Antitrust, Competition and Business Rights
and on the staff of the Subcommittee on Terrorism, Technology and Government In-
formation. Previously, he was the deputy prosecutor with the King Country Prosecu-
tor’s Office. He also was a commissioner on the city of Redmond’s planning commis-
sion.

Earlier in his career, Mr. Lowe was associate director at the International Center
for Economic Growth and International Center for Self-Governance programs of the
Institute of Contemporary Studies, in Washington, D.C. Mr. Lowe also served as
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legal counsel to the Washington State Senate majority office and as legislative as-
sistant to U.S. Senator Slade Gorton of Washington.

A native of King County, Wash., Mr. Lowe holds a Bachelor of Science degree in
international political science from University of Washington, a law degree from the
Uni\{grsity of Santa Clara and a Master of Divinity degree from Virginia Union Uni-
versity.

Chairman SMITH. We have about seven minutes to get to our
vote, so excuse us, but the bad news is there are four votes. So we
will have one 15-minute vote and four 5-minute votes, but we go
over about two minutes on each of the time limits. I would ask
staff, in our period of recess, with your permission, I would ask
staff to maybe discuss with you some of the questions that we have
put together that we would like to know if you would get some of
those more detailed answers, and we will try to return in the next,
I am guessing, 20 minutes. With that, the Subcommittee is in re-
cess.

[Recess.]

Chairman SMITH. The Subcommittee on Research has recon-
vened, and we would turn to Mr. Olson for his statement.

STATEMENT OF MR. ROBERT A. OLSON, PRESIDENT, ROBERT
OLSON ASSOCIATES, INC.

Mr. OLsON. Thank you very much. It is a pleasure to be here.
I will very quickly summarize my written testimony.

I wish I had the time, we had the time today, actually, to close
our eyes, close all of our eyes for four minutes, and try to imagine
the non-stop violent shaking, the noise associated with buildings
coming apart, the unsteadiness of large blocks of earth as they slip
away beneath us, and hearing the occupants’ and victims’ screams
of terror. This is what happened in Alaska, 1964. And that par-
ticular earthquake is what got people thinking about the threat to
other metropolitan areas where earthquakes have occurred and
could be expected.

I won’t go into details on that, but we can trace the origin of that
program, of the current program, to that event in 1964. Your action
here in Congress represented a public policy decision to look at the
earthquake risk nationally, one, as you noted, that is shared by at
least 39 states. The act of 1977 was a political action that took
many years to achieve, actually. And three key Members of Con-
gress, including the Science Committee’s former Chairman, Rep-
resentative Mosher from Ohio played a key role in this along with
Congressman George Brown and Senator Alan Cranston.

On February 20, I had a challenging request to attend the forum
that has been referred to and to summarize what I heard that day.
And I thought I would just take my time to hit the high points of
what I heard people talk about in the context of the earthquake
program. There is a concern, and it has been reflected already,
about the budget stagnation and erosion. In terms of real dollars,
the earthquake program’s purchasing power has declined steadily
to the level where essential program activities are being sacrificed,
because the actual appropriations have not kept pace with at least
inflation.

There is a concern in the community about program leadership,
particularly as the new Department of Homeland Security comes
on line, a very large agency. And FEMA, of course, didn’t exist in
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1977, but was given the leadership role in 1980. And how this lead-
ership responsibility will be continued or performed within the
new, and frankly, huge Department of Homeland Security, this is
some concern to us in the earthquake community.

You have touched on the strategic plans. Well, there are two or
three out there, new programs and strategic plans now exist on
which we might be able to base long-term modifications to the act.
Much like the years leading to the original act’s passage, there now
exists several of these plans that could provide a new foundation
for amending the earthquake legislation to set the program’s direc-
tion for, well, the next decade or two.

There are a lot of agencies who have significant roles to play in
the earthquake program, and we must find better ways to involve
and support these participating agencies that are involved heavily
in construction and in financing construction and others. Patience
is needed, also. Knowledge is cumulative, and sometimes it is slow
in coming. And a great deal of our effort in the last two decades
has been spent on research, and—as it must. And that has helped
develop knowledge as well as a large pool of human resources: bet-
ter educated students, more practicing earthquake engineers, and
others. We must keep that benefit in mind, as well.

But there is a need to balance the investments in research with
the program’s commitments to improving practice and governments
as well. You have touched on it already. We must speed up the rate
of applying knowledge. This is a real challenge. And while new re-
search leads to improved knowledge, there exists a gap in applying
what is known and what is accepted already, the results of pre-
vious investments in research. We have got to find better ways to
accelerate the application of knowledge.

Earthquake risk is increasing. This worrisome condition is due
partly to growing populations and to little or no attention being
given to the hazard in areas that we believe are subject to the risk.
During its existence in the last 25 years, the program has fostered
the development of intellectual and organizational capabilities to
the earthquake program that simply didn’t exist before.

I would like, also, to make note that understanding the context
is critical to achieving earthquake risk reduction. Risk reduction
decisions are made in a social context by individuals, by companies,
by governments at all levels. And their abilities to address this
kind of a risk varies greatly depending on their location, their pri-
orities, the knowledge of the risk, and other values, and we must
be able to intervene in those processes to affect future decisions.

The agencies, and you have heard about them, work in very com-
plex and competitive contexts and environments. While the earth-
quake program is just one program, these agencies house—have ac-
tivities—other activities, missions, priorities, levels of funding, and
so on that make these settings for the agency people very, very
complicated.

Earthquake prediction was a popular item at the time of the
original passage, and it may be time to revisit it with the advent
of new technologies and theories. I don’t know. I am not an earth
scientist, but it might be worth putting back on the list to see if
we might get there this time. Certainly the investment in earth-
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quake prediction in those days led to much stronger and better
forecasting abilities, which have had a major impact.

So let me conclude with one recommendation that this committee
as the full Science Committee to convene a truly independent panel
to look at the charter legislation after 25 years and to see how it
might be modified to help reduce earthquake risk over the next 25
years for across the United States.

Thank you very much.

[The prepared statement of Mr. Olson follows:]

PREPARED STATEMENT OF ROBERT A. OLSON

INTRODUCTION

The National Earthquake Hazards Reduction Program—“NEHRP” as it is com-
monly called—is governed by a “sunset” provision requiring the Science Committee
to review and to reauthorize the program every two years. This hearing is particu-
larly appropriate because the Science Committee was the program’s committee of
origin, and 2002 was the NEHRP’s 25th birthday. Such sunset provisions provide
a regular means for Congress to review the status, progress, and needs of important
programs beyond the normal annual appropriations processes.

In response to your invitation, my comments address several subjects: (1) the key
role of this committee and the origins of the program beginning in about 1964 fol-
lowing the occurrence of two significant earthquakes in Alaska and Niigata, Japan;
(2) some observations I offered recently at a National Academy of Sciences’ forum
on the earthquake program’s 25th anniversary, and (3) some reminders based on my
practitioner’s observations during the last 22 years as an emergency management
consultant.

I have been involved in emergency management, disaster assistance, and hazard
mitigation issues since joining a FEMA predecessor agency in 1964 in Washington,
DC and then moving to a regional office where I became involved in earthquake
mitigation activities, including serving as a volunteer advisor to a California legisla-
tive committee. I left federal service in 1972 to help establish the San Francisco Bay
Area’s Metropolitan Transportation Commission while I continued my volunteer
service to the legislature. Governor Ronald Reagan and the legislature agreed on the
need to establish a state Seismic Safety Commission to address the continuing
earthquake threat in California. I was selected as the Commission’s first Executive
Director, a post I held for seven years. During the last 22 years I have been pro-
viding consulting and research services to federal agencies, State and local govern-
ments, and private clients. I was educated in Political Science, with an emphasis
on American Government.

NEHRP: AN HISTORICAL OVERVIEW

If we had the time, I would ask everyone here to close their eyes for four minutes
and try to imagine non-stop violent shaking, noise associated with buildings coming
apart, unsteadiness as large blocks of land give way under us, and hearing the occu-
pants’ and victims’ screams of terror. Soon after, the coastal areas would be dev-
astated by a tsunami. This happened in Alaska on Good Friday, 1964.

The Great Alaska earthquake, one of the most powerful ever recorded, affected
about 50,000 square miles and triggered many research and applications activities
that were based on a simple fear: What would be the consequences of an event like
this one somewhere in the “lower 48” in an area that was known to have earth-
quake risk: the Wasatch Front in Utah, Northern California (a repeat of 1906), the
Mississippi Valley (a repeat of the 1811-12 events), Southern California (a repeat
of the 1857 earthquake), the Puget Sound area of Washington, or other locations
with a significant but less well known hazard?

The act establishing the program represented a national public policy decision to
reduce earthquake risk, one that is shared to varying degrees by at least 39 states.
The Earthquake Hazards Reduction Act (EHRA, Public Law 95-124) of 1977 was
a political action that took many years to achieve by an “advocacy coalition” com-
posed of three key members of Congress including the Science Committee’s former
chairman, Representative Mosher from Ohio, who had a particular interest in
science and technology associated with earthquake prediction research, and Senator
Alan Cranston and Representative George Brown. They were supported by influen-
tial members of the “earthquake community” from outside and inside the Federal
Government. Moreover, the Carter Administration was “receptive” to the proposal,
sending a clear signal to Congress that it should proceed with the legislation.
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Years before its enactment, however, the NEHRP’s foundation was laid by a series
of program and budget oriented studies and reports that taken together defined the
program as we know it today. The President’s Science Advisor recommended a 10-
year program of earthquake prediction research in May 1965. This was followed in
June 1967 by a Federal Council on Science and Technology (FCST) 10-year rec-
ommended earthquake hazards reduction program, which was later updated in Oc-
tober 1968. Three more expert reports were issued in 1969: the National Academy
of Engineering’s (NAE) report on earthquake engineering research and applications
needs, the National Academy of Science’s (NAS) report on the status of seismological
research and its needs, and the NAS’ multiple volume report on the Alaskan earth-
quake. In 1970 the Office of Science and Technology issued a proposed an updated
10-year program of earthquake hazard reduction.

Several other studies and reports contributed to eventually framing the NEHRP
during those years. These included a report on the status of state and local disaster
preparedness (1972), studies of other damaging earthquakes and even possibly suc-
cessful predictions here and abroad (e.g., China, Nicaragua, Romania, Guatemala,
Italy), a technology assessment of earthquake prediction technology (1975), and an-
other examining the social and public policy implications of earthquake prediction
(1975).

This collection of needs assessments, state of knowledge reviews, and rec-
ommended programs and budgets provided a “critical mass” on which to base a na-
tional earthquake hazards reduction program. It all came together in what we refer
to as the “Newmark-Stever Report” that was titled Earthquake Prediction and Haz-
ard Mitigation: Options for USGS and NSF Programs. This carefully crafted and
skillfully negotiated program and budget document provided the administration and
the Congress with a scope of work, agency responsibilities, and three recommended
funding levels.

The proverbial “window of opportunity” that set the stage for NEHRP’s enactment
was the February 9, 1971 San Fernando, California earthquake “on the fringe of a
densely populated metropolitan area,” according to an early post-earthquake report
by a panel of the National Academy of Sciences (NAS). Close to the heart of Los
Angeles and only a moderate (6.3 Richter magnitude) event, it caused 65 deaths
(most in a federally-owned building), but this earthquake again raised the question
about the vulnerability of our heavily populated metropolitan areas.

Three bills were introduced in the Senate in 1972; four in the House and three
in the Senate in 1973; ten bills in the House and one in the Senate in 1974; and
one each in the House and the Senate in 1977. The resulting legislation, H.R. 6683
and on the Senate side, S. 126, passed in October 1977 and became the Earthquake
Hazards Reduction Act. Understandably, the new legislation had a strong research
orientation. We had to know more about the earthquake hazard (and if we could
predict them) and how we could prevent future disaster losses. Thus, the new act
focused mostly on strengthening the earth science programs of the Geological Sur-
vey (USGS) and the earthquake engineering research program of the National
Science Foundation (NSF). The National Bureau of Standards, now the National In-
stitute of Standards and Technology (NIST) also was included.

In short, according to a FEMA-funded study, To Save Lives and Protect Property:
A Policy Assessment of Federal Earthquake Activities, 1964-1987 (Robert Olson As-
sociates, 1988):

Events leading to the EHRA’s enactment and its implementation up to 1987
have spanned the terms of five presidents (Johnson, Nixon, Ford, Carter, and
Reagan) and thirteen sessions of Congress.

A few general observations may be helpful. First, many attempts were made to
enact a national earthquake program prior to 1977. However, several factors
converged in the 1975-76 period to create a climate for successful passage of
the Act and its signing into law. They included a “killer year” for earthquakes
(1976), the euphoria over potential earthquake prediction, the presence of legis-
lative and executive leaders in key places, and the completion of an expert re-
port containing the proposed content and budget for legislation (Newmark-
Stever, 1976).

. . .prior to the 1971 San Fernando, California earthquake experts who were
designing the scope of the future program had based their ideas largely on the
lessons learned from the 1964 Alaska earthquake. San Fernando post-earth-
quake studies produced large quantities of data that significantly added to the
understanding of earthquake effects on relatively modern urban areas. (9)

The Federal Emergency Management Agency (FEMA) did not yet exist. It was
created in May, 1979, and it was given the NEHRP leadership role in 1980 by an
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amendment to the act. FEMA, more of a mission-oriented than a research-oriented
agency, thus had two responsibilities: promote earthquake hazard mitigation and
disaster preparedness measures by working primarily with local and state govern-
ments and “carry the NEHRP flag” as the program’s designated leader.

A QUARTER CENTURY RETROSPECTIVE

On February 20 I had the welcome opportunity to participate in a National Acad-
emy of Sciences’ forum on the status of the NEHRP. The day’s speakers collectively
spoke to a number of points central to the continued effectiveness of the NEHRP
and the challenges it is facing. Some of my summary observations included:

Budget stagnation and erosion. In terms of real dollars, NEHRP’s “purchasing
power” has declined steadily to the level where essential program activities
are being sacrificed because appropriations have not kept pace with at least
inflation. Additionally, the community has identified other important needs
that will speed risk reduction if funding can be provided.

Program leadership and the new Department of Homeland Security (DHS).
The EHRA was passed in 1977, the Federal Emergency Management Agency
(FEMA) was formed in 1979, and FEMA was assigned to lead the NEHRP
in 1980. In about 1983 a program review panel, in a “management letter” to
the then FEMA director, pointed out that the agency, unlike the other three
involved (NSF, USGS, and NBS [now NIST]) had two duties: (1) internal
mitigation and preparedness program operations and (2) multi-agency leader-
ship. How the leadership responsibility will be performed within the new and
huge DHS is of some concern to the earthquake community.

New program and strategic plans exist on which to base program modifica-
tions. Much like the years leading to the EHRA’s passage, there now exists
several documents that could provide a “new” foundation for amending the
NEHRP legislation to set the program’s direction for the next decade or two.
For example, the Earthquake Engineering Research Institute (EERI) has re-
leased one focusing on research, and the interagency strategic planning proc-
](;ss hlas bectlen reinvigorated with the FEMA-led NEHRP strategic plan soon to
e released.

Ways must be found to better involve and support the “participating agencies.”
Over the decades, really only three agencies (FEMA, NSF, USGS) and NIST
(to a much lesser extent) have benefited from funds appropriated to the
NEHRP. Yet, many other federal agencies, such as DOD, DVA, and GSA, are
directly involved in construction and others greatly influence construction fi-
nancing and lending. While the NEHRP acknowledges these participating
agencies, stronger mechanisms are needed to integrate their risk reduction
activities more fully because the results of their activities and decisions di-
rectly effect the safety of the built environment.

Patience is needed: knowledge is cumulative and sometimes slow in coming.
The core of the NEHRP has been the support of research: knowledge and
human resources development. This objective is fundamental to the program
and has contributed mightily to new information, better practices, and more
capable practitioners. Research, experimentation, instrumentation and testing
continues to be an important program need. It must be understood, however,
that knowledge most often accumulates relatively slowly and incrementally as
theories and data are developed, tested, and finally accepted. Thus, there re-
mains a need to balance NEHRP’s investments in research with its commit-
ments to improving practice and governance.

We must speed up the rate of applying knowledge. While new research leads
to improved knowledge, there exists a gap in applying what is known and ac-
cepted already—the results of previous research investments. There is a
growing literature about the barriers and facilitators that affect the adoption
and implementation of earthquake risk reduction measures, most of which
are attributable to risk communication and acceptance and governmental and
private institutional factors. Nationally, and especially in the lower risk
areas, we need to give attention to processes and methods for overcoming
these obstacles to public safety. In the final analysis, applying knowledge has
real effects on our people, buildings, and infrastructure.

Earthquake risk is increasing. This worrisome condition is due partly to grow-
ing populations and little or no attention being given to managing the risk
in many vulnerable areas. This is a very complex issue consisting of what to
do about the existing built and future built environments, and there is a need
to better understand decision-making processes to see how risk reduction
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measures can be included in such processes effectively. Central to this chal-
lenge is to find better ways of communicating earthquake risk information re-
peatedly through multiple channels in ways that compete successfully for at-
tention and lead to decisions and the commitment of resources to increase
safety.

e During its existence the NEHRP has fostered the development of intellectual
and organizational capabilities. Not only have NEHRP-funded activities in-
creased knowledge, they have helped develop new practitioners and research-
ers who are influencing professional practices, such as through the three
earthquake research centers and other programs. Emphasis on this
intergenerational mentoring should be continued so that the knowledge pool
is widespread, locally influential, and knitted together by such organizations
as EERI.

Understanding the context is critical to achieving earthquake risk reduction.
Information is received and decisions are made in societal contexts (e.g., indi-
viduals, families, small businesses, large companies, public agencies, chari-
table groups). Their abilities to address items important to them varies great-
ly depending on their location, priorities (agendas), wealth, values, and oth-
ers. Applying risk reduction measures must be understood and promoted in
specific relevant contexts, and improved techniques are needed to define and
influence the controlling contexts.

The NEHRP agency representatives work in very complex and competitive con-
texts and environments. While the NEHRP is just one program, the agencies
housing its activities have other missions, priorities, and levels of funding.
Some of these are legislatively, administratively, technically, or politically de-
termined. Any changes to the NEHRP, if they are to be successful, must be
sensitive to these environments and address the organizational, administra-
}i‘if’ regulatory, and financial capabilities needed to implement them success-
ully.

Earthquake prediction may deserve to be revisited. The earlier euphoria asso-
ciated with earthquake prediction contributed significantly to theory develop-
ment, measurement technologies, international observations, socio-economic
impact studies, and other advances. It definitely has led to vastly improved
“earthquake forecasting” abilities—defining the risk and probabilities of oc-
currence in ways that were impossible when I first became involved in the
mid-1960s. While predicting earthquakes with precision (i.e., date, time, mag-
nitude, etc.) remains elusive, new technologies and theories and accumulated
knowledge and other earth science-related programs may advance our abili-
ties if we try again. Only if we had a season like hurricanes or rains or snow
melt to watch for flooding!

REMINDER: LOSS PREVENTION/MITIGATION REFLECTS AMERICAN
FEDERALISM

The Constitution of the United States of America defines the authority relation-
ships between the national government and the states. Individual state constitu-
tions define similar relationships between state and local governments.

The Federal Emergency Management Agency (FEMA) defines mitigation “as any
sustained action taken to reduce or eliminate long-term risk to human life and prop-
erty from a hazard event.” Sometimes known as “disaster prevention” in some cul-
tures, mitigation’s objective is to reduce the direct and indirect losses in ways that
protect life, physical assets, and national wealth.

Mitigation programs must be understood within this context of “shared govern-
ance.” Thus, some mitigation programs are administered by the national govern-
ment (e.g., nuclear power plant safety) while others provide incentives and penalties
to encourage state and local participation (e.g., planning grants). Some state pro-
grams are enacted and administered directly by state governments (e.g., public
school construction in California), enacted by the state but administered directly by
local governments (e.g., Safety Elements of General Land Use Plans in California),
others contain shared administrative responsibilities (e.g., California’s Special Stud-
ies Zones Act), and in many areas some mitigation programs are enacted and ad-
ministered directly by local governments (e.g., zoning regulations and building
codes).

REMINDER: MITIGATION OCCURS IN TWO PRINCIPAL TIME FRAMES

Hazard mitigation occurs within two temporal contexts: (1) prospective and (2)
retroactive. In general, programs that address the future (“prospective”) are easier
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to adopt and implement than are programs to correct past (“retroactive”) defi-
ciencies.

Incremental changes to building codes that apply to new buildings can be incor-
porated into new designs relatively easily and inexpensively, but laws or codes that
require the strengthening or replacement of existing buildings are difficult to enact,
controversial to implement, and costly in terms of construction and social costs (e.g.,
dislocation of tenants, loss of rental income). For these reasons, most mitigation pro-
grams are prospective, and if enacted at all, retroactive requirements follow decades
later.

REMINDER: MANY FACTORS AFFECT DECISIONS TO REDUCE FUTURE
LOSSES

While disasters often create “windows of opportunity” to introduce new mitigation
efforts, they are not in and of themselves sufficient conditions. Moreover, differing
mitigation decision-making situations exist: (1) regulatory (i.e., government enacts
laws demanding compliance), (2) voluntary (i.e., a company strengthens buildings it
owns to protect its assets), or (3) mixed (i.e., government provides incentives for
those taking voluntary private action).

Some factors that affect decisions to mitigate against disaster losses include: (1)
the perception and understanding of risk to support decision-making, (2) organiza-
tional “champions” to advocate the adoption and implementation of mitigation meas-
ures, (3) successfully competing with other items on decision-making agendas, (4)
sufficient wealth to pay for the desired mitigation measure, (5) the possibility of
achieving multiple benefits from investing in mitigation, (6) achieving other organi-
zational goals as part of mitigation programs, and (7) convincing those that pay for
mitigation now will accrue benefits in the future.

CONCLUSION

Hazard mitigation as a concept is simple to understand: act now to prevent future
disaster losses. It often takes a long time for the benefits of mitigation to be
achieved, however. We have a very short recorded earthquake history, but when we
examine the geologic and seismologic evidence we are reminded that earthquakes
remain a national problem potentially affecting 39 states. Some have paid attention
to their risk, but many have not. Regardless, a major to great earthquake near or
in any of our major urban areas will have devastating and eye-opening effects.

Laws, policies, and programs must be thought through carefully to achieve their
desired results, and they must be modified periodically to reflect current conditions.
While ideas and knowledge about successful mitigation programs can be transferred
easily, their adoption and implementation must be acceptable in particular social,
economic, cultural, and political environments.

Does the legislation governing the NEHRP need to be changed? My biased answer
is “yes” because conditions, knowledge, technology, contexts, research and applica-
tions needs and other factors have changed over the past 25 years. It is important
that laws, regulations, procedures, organizations, duties and responsibilities, and
budgets be reviewed and changed to assure or enhance the NEHRP’s future effec-
tiveness.

Perhaps a new “advocacy coalition” needs to be mobilized so, like the one that ex-
isted from about 1964 to 1977, it can influence the political agenda and engage the
process to amend the Earthquake Hazards Reduction Act. The program’s associated
implementation and administrative processes then will need to be modified so the
program will continue to lessen the Nation’s earthquake risk.

Thus, I have one simple recommendation: this subcommittee ask the full Science
Committee to use NEHRP’s 25th anniversary to convene a truly independent panel
to advise the Committee on the future of the NEHRP—via another long range pro-
gram plan with priorities and a recommended funded level similar to what as done
in 1976 (the “Newmark-Stever Report”). The ingredients are there on which to pro-
ceed. As former California State Senator George Moscone said to us in 1970, “Bring
this legislative committee your best recommendations, and we will take care of the
politics.”

I look forward to continuing a partnership with the House’s Science Committee,
especially this subcommittee, as we progress steadily toward reducing our nation’s
earthquake risk and to contributing to lessening the risks from other hazards in-
cluding, sadly, human-caused emergencies, where I am spending an increasing
amount of my time working with state and local governments and private firms.
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April 8, 2003

The Honorable Sherwood Boehlert
Chairman, Science Committee

2320 Rayburn Office Building
Washington, DC 20515

Dear Congressman Boehlert:

Thank you for the invitation to testify before the U.S, House of Represcntatives
Committee on Science on May 8, 2003 for the hearing entitled The National Earthquake
Hazards Reduction Program: Past, Present, and Future. In accordance with the Rules
Governing Testimony, this letter serves as formal notice of the Federal Funding I
currently receive in support of my research and consulting:

CMS-9814239, National Science Foundation, FY 1998-1999 (ditect award).
Consultant to the Mid-America Earthquake Research Center, University of
Lllinois (National Science Foundation funds).

¢ Earthquake Committee, National Institute of Building Sciences, (Federal
Emergency Management Agency Funds).

¢ Subcontractor to the URS Group, Inc. on the Hazard Mitigation Technical
Asgistance Program contract (Federal Emergency Management Agency Funds).

Sincerely, .

obert A, Olson, President

Chairman SMITH. Thank you. We wrote that down plus being in
the record.

Dr. Cluff, thank you all for being here, of course. And thank you,
Dr. Cluff, for your foresight in determining where we should pro-
tect our Alaska Pipeline. Please proceed.
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STATEMENT OF DR. LLOYD S. CLUFF, DIRECTOR, GEO-
SCIENCES DEPARTMENT AND EARTHQUAKE RISK MANAGE-
MENT PROGRAM, PACIFIC GAS AND ELECTRIC COMPANY

Dr. CLUFF. Thank you, Chairman Smith and Committee Mem-
bers. I am honored to be here today. And I have a few slides to en-
hance my oral presentation.

I come from the perspective of a user of NEHRP products. I was
involved from the beginning. I was on the Newmark-Stever Panel
that created—helped create this program, and I have been on sev-
eral other advisory committees.

Chairman SMITH. Dr. Cluff, I am going to interrupt you. Do we
have the where with all to keep the disks and reproduce the slides
for the other Members? We do. Thank you. Proceed, Dr. Cluff.

Dr. CLUFF. And I have color handouts that have been given for
all of the Members of my presentation. Thank you.

So let me move through.

[Slide.]

From the geosciences point of view, we have learned a lot from
earthquakes. We are really developing products on national hazard
maps, surface falls rupture characteristics, ground motions, re-
gional hazard assessments, and earthquake forecasts to build on
Bob Olson’s comments about prediction. These are really the ele-
ments in the next slide.

[Slide.]

This is a slide of the San Francisco Bay area. You see San Fran-
cisco and the bay and the faults that have potential for very dam-
aging earthquakes with forecasts of the likelihood of large, destruc-
tive earthquakes in the next 20 years, 70 percent aggregated for
the whole region. PG&E’s service territory, this is the heart of it.
And Pacific Gas and Electric is the large—one of the largest inves-
tor-owned utilities in the United States with millions of customers,
hundreds of thousands of transmission gas and electric lines at the
heart of the sixth largest economy in the world. We have 70 per-
cent of the San Andreas faults traversing our service territory.

The earthquake risk management policy that we developed in
conjunction with the Seismic Safety Commission where I was
Chairman of the Commission right after the Loma Prieta earth-
quake, a program to understand the hazards and our system
vulnerabilities, a plan to implement the risk management options
dedicated staff, dedicated budget, and accountability. We have de-
veloped and are involved in NEHRP public/private partnerships.
One of the good ones across the Nation is the American’s Lifelines
Alliance, sponsored by FEMA, ALA, USGS, PG&E, the National
Bureau of Standards, and others shown on this list, are all in-
volved to improve the performance of particularly utilities and
transportation systems across the U.S. Other partnerships, the
Lifelines User Driven Research Program at the Pacific Earthquake
Engineering Center at Berkley, a consortium of academic institu-
tions, PG&E, Caltrans, and the California Energy Commission, and
other stakeholders, the USGS, FEMA, and the California Earth-
quake Center. I came up in 1996 with some money out of PG&E'’s
funds, and I said I am tired of not being able to use research re-
sults from the academic community. They are good—it is good re-
search, but we can’t implement it. We wanted to create a user-driv-
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en research program. We put money into it so that we set the re-
search agenda and then the researchers learned from us what was
important. And then once results were reached, we could imple-
ment them immediately. Out of that, working with these other
partners that are on this program, we have leveraged $13 million
in user-driven research for a NEHRP program.

[Slide.]

Here is another partnership that we have with the U.S. Geologi-
cal Survey. The lines on this map are the active faults, the heart
of PG&E'’s territory. This program is one to help do applied re-
search for the need for PG&E and our customers.

[Slide.]

Let me show a series of maps, same faults. This is our gas trans-
mission pipelines, our electric system. You can see, all of these are
traversed by these faults. Our electric substations, about 100 of
these are critical to keep the lights on, and then our major service
centers and buildings in the heart of our service territory.

[Slide.]

And here are all of the PG&E facilities. On one map is the Inter-
net GIS map within PG&E that every decision maker can have ac-
cess to at any time.

[Slide.]

And then here is a new—the NEHRP project from the USGS
shake map. When an earthquake like this occurs, within two or
three minutes, we have this downloaded on to our Internet—our
decision-makers to deploy people to go to the field and know ex-
actly where to go. We have our performance improvement for our
major customers. We have been guiding Caltrans, East Bay MUD,
the major water system in East Bay, the Bay Area Rapid Transit
District, and the San Francisco Water Department. Since Loma
Prieta, these combined expenditures for those customers only, in-
cluding PG&E, is $15 billion.

Let me tell the story about the Trans-Alaska Pipeline. I was in-
volved and invited by the oil companies to do the earthquake and
fault displacement study. The Denali Fault does cross the pipeline
route. I, with a team of earthquake engineers, delineated the zone,
how much displacement the fault could take, and then we con-
structed the pipeline above ground. We put in these—the designers
put in the supports with Teflon with shoes under the pipeline that
also had Teflon that would allow the pipeline to freely let the
ground move beneath it. The fault ruptured on November 3 of last
year. It crossed the pipeline.

[Slide.]

And here is the design drawing from my report to the Alaska
folks, the pipeline crossing. We designed the pipeline to accommo-
date faulting within a 1,900-foot wide zone. The—a yellow zone is
where we expected the rupture to take place. The November 02
earthquake was 7.9, 18 feet of displacement horizontal, 2.5 feet
with minor compression. The red zone is where it actually dis-
placed. We got it right, and the pipeline performed without spilling
one drop of oil. This is a NEHRP-type study that we need.
Newmark and I brought this into the NEHRP hearings to show
what things could be done.

[Slide.]
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Here is the pipeline as the ground moved beneath it, not dis-
rupting the pipeline. The left side photo is before. The right side
is after. The only thing you can see is that one straight segment
of it is now bowed because of two meters of compression. The pipe-
line was designed to accommodate that.

So let me conclude that unless seismic safety is afforded priority
that is now lacking throughout 39 states with significant earth-
quake exposure, the Nation will experience unacceptable, but
avoidable, deaths and economic losses from earthquakes. There is
an urgent need to fully implement the USGS advanced national
seismic system through appropriations that are consistent with
Congressional authorizations.

I recommend the Subcommittee endorse the report that will be
talked about in the next speaker, securing society against cata-
strophic earthquake losses from EERI. Dr. O’'Rourke will present
that. And I recommend we seize the opportunity of FEMA’s new
position in the Department of Homeland Security to recognize the
synergy between addressing earthquake threats and terrorist
threats.

Last week, I was in Puerto Rico, and Anthony Lowe was there
awarding 75 million to the electric utility there. The papers got it
wrong. It should be for all hazards, to protect from earthquakes
and terrorists, not only hurricanes.

Chairman SMITH. You mean FEMA put more money down there
than our total United States earthquake NEHRP program?

Dr. CLUFF. 79 million—75 million. But I think the papers got it
right, because Anthony Lowe knows that all hazards are important.

My last recommendation is— —

Chairman SMITH. Mr. Cluff, I am going to have to interrupt you.

Dr. CLUFF. All right.

Chairman SMITH. I have four minutes to make this vote. I am
guessing we should be back in about 12 minutes. My first question
after we finish the testimony is going to be what is more important
to what effect in terms of developing new and better technology
and how much of our emphasis should be on implementing that
technology? And second, how do we get the private sector more in-
volved in doing things that is going to protect their lives and their
property?

And with that, recess at the call of the Chair.

[Recess.]

Chairman SMITH. The Subcommittee is in order. It doesn’t seem
to work. It is not his fault. Are we capable of taking testimony and
recording it without the speaker?

Mr. WEIRICH. It is very minimal. I really wouldn’t like to do it.

Chairman SMITH. I think we will ask you to record the last 20
words of Dr. Cluff. You just had—so good. Dr. Cluff, you were con-
cluding.

Dr. CLUFF. Thank you very much. My last conclusion and rec-
ommendation was we need an independent oversight panel, similar
to what Mr. Olson mentioned, to guide and report to Congress an-
nually.

And I want to end with a quote that is up on the board: “Where
there is no vision, the people will perish.” We have got to have vi-
sion to prevent the people from perishing.



35

Thank you.
[The prepared statement of Dr. Cluff follows:]

PREPARED STATEMENT OF LLOYD S. CLUFF

I was invited to prepare the following testimony for the Subcommittee on Basic
Research’s hearing entitled The National Earthquake Hazards Reduction Program:
Past, Present, and Future. My purpose in preparing this testimony is to guide the
8ommittee on Science as they prepare to reauthorize the program during the 108th

ongress.

Having been involved since the inception of the National Earthquake Hazards Re-
duction Program (NEHRP), I have been asked to discuss my perspectives based on
my experience with the program throughout its lifetime. I was a member of the Ad-
visory Group on Earthquake Prediction and Hazard Mitigation, known as the
“Newmark-Stever Panel,” convened at the request of the President’s Science Advisor
in 1976. Our report, “Earthquake Prediction and Hazard Mitigation Options for the
USGS and NSF Programs,” dated September 15, 1976, formed the basis for the Con-
gressional enactment of the National Earthquake Hazards Reduction Act of 1977.

I have served on various NEHRP expert review committees over the past 25 years
to give guidance on ways to improve the program to reduce earthquake risks. I have
also had the opportunity to present testimony during past Congressional NEHRP
reauthorization hearings, most recently on March 1, 1990 to the Subcommittee on
Science, Research, and Technology. At that time, my testimony was from the per-
spective of Chairman of the California Seismic Safety Commission, where I served
California as a Seismic Safety Commissioner for almost 15 years.

For my testimony today, I have been asked to speak from the perspective of Direc-
tor of the Geosciences Department for Pacific Gas and Electric Company in San
Francisco, one of the Nation’s largest-investor owned gas and electric utilities, as
well as from the perspective of Chairman of the Congressionally mandated Scientific
Earthquake Studies Advisory Committee (SESAC). The SESAC was appointed by
the Secretary of the Interior to advise on the NEHRP activities of the U.S. Geologi-
cal Survey. The first SESAC report to Congress, dated September 21,2002, is ap-
pended to my testimony. I have been asked to include specific comments on current
NEHRP activities, as well as to recommend how federal earthquake mitigation ef-
forts can be strengthened.

NEHRP After 25 Years

During the 25 years since the National Earthquake Hazards Reduction Program
was established, the NEHRP has provided insightful scientific and engineering lead-
ership toward reducing earthquake risks. This leadership has resulted in major ad-
vances in identifying and characterizing active faults (earthquake sources) and un-
derstanding the destructive effects of earthquakes that will eventually be released
by slip on these faults. Twenty-five years ago, there was hope that short-term earth-
quake predictions would have been realized by now. Although that capability has
not been realized, reliable estimations of the locations of future major earthquakes,
their size, their likelihood of occurrence, and the character and extent of their ef-
fects are now possible.

Additionally, a wealth of information has been developed to enhance our knowl-
edge of the vulnerabilities of the built environment to earthquakes. We now better
understand the factors that influence good as well as poor earthquake performance
of utilities and transportation systems, as well as specific types of structures and
buildings. This improved knowledge has resulted in useful tools that, if applied,
have the potential to bring unacceptable risks under control.

However, the risk is growing faster than our ability to provide effective mitiga-
tion. In spite of the increased knowledge and the good work that has been done,
particularly in regions of high seismic exposure, earthquake risk continues to grow
nationwide. This is largely due to (1) uncontrolled growth in earthquake-prone
areas, (2) the lack of effective land-use planning in the hazardous areas, (3) the lack
of implementation and enforcement of appropriate building standards, and (4) the
high cost of strengthening the existing built environment. This trend has positioned
the Nation in an unacceptable situation, one that will eventually result in cata-
strophic losses. Studies such as the 1999, National Research Council publication,
The Impacts of Natural Disasters: A Framework For Loss Estimation, show the per-
event costs could reach thousands to tens of thousands dead, hundreds of thousands
injured and homeless, and direct and indirect economic losses that could exceed
$200 billion. This trend will not be reversed until the earthquake-prone commu-
nities in all 39 vulnerable states understand the threat and take action to mitigate
unacceptable risks.
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Value of NEHRP to Private Industry

In addition to its concern for employee and customer safety during earthquakes,
Pacific Gas and Electric Company has a strong economic interest in “keeping the
lights on.” PG&E has vast resources in dams and power plants, transmission and
distribution systems, and administrative buildings. Although protecting these re-
sources from earthquake damage is important, equally important is functionality
following an earthquake. The ability to continue to provide utility service to cus-
tomers will assist emergency response efforts and reduce recovery time, as well as
assure a continuing income stream during a particularly challenging time.
Functionality also affects the communities PG&E serves, as businesses having gas
and electricity can remain open, lessening the overall economic impact to the com-
munity.

PG&E has been able to leverage their efforts to improve earthquake safety and
reliability of their gas and electric systems through the development of user-driven,
public/private research partnerships, funded in part by NEHRP programs. Three ex-
amples are presented below.

PG&E/U.S. Geological Survey—The 1989 Loma Prieta earthquake provided an
opportunity and motivation for PG&E to focus on better understanding the nature
and character of earthquake hazards in Central and Northern California, PG&E'’s
service territory. After extensive discussions with the USGS Menlo Park office in
1992, PG&E entered into a non-financial Cooperative Research and Development
Agreement (CRADA) with the USGS. We agreed to cooperate on research on earth-
quake hazards throughout the greater San Francisco Bay Area. Based on the suc-
cess of this effort, in 1996 the agreement was modified into a financial CRADA.
Over the next few years PG&E provided $4.4 million in funding for projects with
USGS scientists that would focus on PG&E’s needs for system safety and reliability
improvements. Generally, the projects include studies to better understand the loca-
tion and characteristics of specific active faults, the effects of strong ground shaking,
local site effects known to influence the degree of damage at particular locations,
and the nature of ground failure mechanisms (landslides and liquefaction). Many
projects have been completed, and the results are being used to help reduce earth-
quake risks not only to PG&E facilities, but also to PG&E’s industrial customers,
private homeowners, and the public at large.

Pacific Earthquake Engineering Research Center—The research results from
the PG&E/USGS cooperative program feeds directly into another user-driven, ap-
plied research, public/private partnership, the PEER Lifelines Research Program.
Program partners include PG&E, Caltrans, and the California Energy Commission
(CEC), under the auspices of the Pacific Earthquake Engineering Research Center
(PEER), at the University of California at Berkeley.

In 1996, PG&E and the University of California entered into an agreement to
focus applied research efforts toward improving the earthquake performance (safety
and reliability) of gas and electric systems in California. The concept of the users
driving the research agenda, in collaboration with the best earthquake researchers,
was the focus of this initial partnership. PG&E engineers are intimately involved
in selecting research topics, as well as guiding the research. This collaboration pro-
vides a mechanism for research results to be immediately implemented to improve
system performance during earthquakes.

The initial funding from PG&E was $3.5 million, however, the user-driven concept
interested Caltrans for their earthquake safety and reliability research program for
bridges and highways, and a matching funding arrangement was established. The
combined leveraged funding from PG&E, Caltrans, and the CEC to support the
PEER Lifelines Research Program is now at $13 million, through 2004. We are
seeking additional partners to participate in the benefits of the research and to join
in future funding of user-focused applied research. Additional matching funding
from NEHRP funding agencies would provide opportunities to enhance the user-
driver research.

American Lifelines Alliance—The formation in 1997 of the American Lifelines
Alliance (ALA) initially by FEMA and the American Society of Civil Engineers (now
with the Multi-hazard Mitigation Council within the National Institute of Building
Sciences, NIBS) is in direct response to needs for improved lifeline performance that
were identified more than ten years ago, and was specifically required in the 1990
reauthorization of the NEHRP. Leaders from lifeline organizations strongly en-
dorsed the need for developing and adopting seismic design guidance for lifelines in
a 1997 Lifeline Policy-makers’ Workshop.

The ALA’s objective is to facilitate the creation, adoption, and implementation of
design and retrofit guidelines and other national consensus documents that, when
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implemented by lifeline owners and operators, will systematically improve the per-
formance of lifelines during natural hazard and human threat events. The current
participants in the partnership include FEMA, NIBS, U.S. Geological Survey, U.S.
Bureau of Reclamation, PG&E, Rohn Industries, Pima County, Arizona, and various
private sector consultants.

Although the formation of the ALA was closely tied to concerns regarding earth-
quake threats, the consideration of multiple hazards was determined necessary by
the ALA to facilitate decisions on design and retrofit measures to achieve improve-
ments in reliability on a national scale, where the level of risk from various natural
hazards is highly variable. The initial focus of ALA guidance development was on
all natural hazards, including earthquakes, floods, windstorms (including hurricanes
and tornadoes), icing, and ground displacements (including landslides, frost heave,
and settlement). However, following the September 11, 2001, terrorist attacks,
FEMA directed the ALA to address hazards posed by human threats, including
blast, chemical, biological, radiological, and cyber threats. The utility and transpor-
tation systems appropriate for the ALA process include electric power transmission
and distribution, natural gas transmission and distribution, potable water convey-
ance and distribution, waste water transportation and processing, oil and liquid fuel
handling, transport, and storage, highways, railroads, ports and inland waterways,
air transportation, and telecommunications.

The ALA is working closely with the Lifelines Subcommittee of the Interagency
Committee on Seismic Safety in Construction, which is charged with assisting fed-
eral departments and agencies to develop and incorporate earthquake hazard reduc-
tion measures in their ongoing construction programs. The ALA’s efforts to develop
national consensus guidance documents are aligned with many of the objectives of
the Lifelines Subcommittee. ALA products will provide appropriately qualified seis-
mic guidance, and the Lifelines Subcommittee can help in the preparation and adop-
tion of such guidance by federal agencies. The ALA has developed matrices that de-
fine the current status of natural and manmade hazards guidance available in the
United States for lifeline system operators and other interested parties.

ALA guidelines published in the last two years include Seismic Fragility Formula-
tions for Water Systems, Guidelines for the Design of Buried Steel Pipe, Seismic De-
sign and Retrofit of Piping Systems, Extreme Ice Loads from Freezing Rain, and
Guidelines to Define Natural Hazards Performance Objectives for Water Systems.
Guidelines currently in preparation include those to evaluate the performance of
electric power, oil and natural gas pipelines, and waste water systems during nat-
ural hazard and terrorist threat events.

Misplaced Complacency

Many public policy-makers know that earthquakes are infrequent and assume
they can be safely ignored in favor of more pressing issues; but they can be assured
that if a catastrophic earthquake occurs on their watch, the truth will be revealed.
Public perception, it could be said, might be that the United States is not that vul-
nerable to earthquakes, because the number of lives lost has been exceptionally low
compared with that in other countries. The fact is, it has been a matter of luck that
earthquake deaths have not been higher in the United States. Thirty-nine states
have an earthquake threat, and it is just a matter of time before disaster strikes.
We cannot afford to rely on good fortune to minimize earthquake loss of life. Let’s
look at a few examples.

1971 San Fernando, California Magnitude 6.7 Earthquake—The San Fer-
nando earthquake was a direct hit beneath the San Fernando Valley, a few miles
north of downtown Los Angeles. The earthquake occurred at 6:00 A.M., when most
people were safe at home. The Lower San Fernando Dam was severely damaged and
would have experienced massive failure, except the reservoir had been drawn down
for maintenance a few days before the earthquake. We were lucky that the duration
of the shaking was short. Had the earthquake lasted a few more seconds, the dam
would have massively failed, releasing the water in the reservoir onto the 80,000
people living directly downstream. The first floor of the outpatient facility at the
new Olive View Hospital massively collapsed, but it was unoccupied because of the
early morning hour of the earthquake; later in the day, the facility would have had
hundreds of patients.

1989 Loma Prieta, California Magnitude 7.1 Earthquake—In spite of the fact
that a major earthquake struck the San Francisco Bay Area on October 17, 1989,
losses were minimal; there were only 63 deaths. We take credit for the fact that we
had an aggressive program of seismic safety improvements throughout the Bay
Area, and that helped limit the losses. However, we were lucky. The center of the
energy release along the San Andreas fault was in the Santa Cruz Mountains, 30
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to 50 miles from the major cities. Had the earthquake been closer, damage, particu-
larly to the older building stock that had not been seismically upgraded, would have
been disastrous. It occurred at 5:04 P.M., commute time, the worst time of day for
an earthquake according to earthquake scenarios, because the streets are filled with
people and the freeways are jammed with traffic. An upper section of the Bay
Bridge dropped onto the lower deck, and the Cyprus double-decker freeway in Oak-
land massively collapsed. These two structural failures could have been the source
of hundreds of deaths. But we were lucky. The World Series Earthquake, as it has
been called, occurred at the beginning of the third game of the World Series between
the two Bay Area teams, the San Francisco Giants and the Oakland Athletics. The
freeways and bridges were eerily empty while people were inside, watching the
game. It was also fortunate that, because of the game, we had media coverage of
the earthquake that lasted more than two weeks, helping to raise awareness of the
earthquake threat.

1994 Northridge, California Magnitude 6.7 Earthquake—The Northridge
earthquake also occurred during the early morning hours, 4:31 A.M., on Martin Lu-
ther King Day. Had the earthquake occurred only a few hours later on the national
holiday, the near-massive collapse of the Bullocks Department Store in Northridge
would have resulted in more deaths in that one building than all the deaths (57)
in the entire region affected by the earthquake. Thousands of commercial buildings
were badly damaged and many collapsed, and many freeway bridges collapsed, but
they were all virtually empty at the time of the earthquake.

2001 Nesqually, Washington Magnitude 6.8 Earthquake—The February 28,
2001 earthquake that struck the Nesqually district of Seattle, Washington resulted
in only minor casualties and localized damage. The lack of significant damage and
casualties were due to two important factors: the focal depth of the earthquake of
was two to three times deeper (55 km) than most damaging earthquakes, and for
the past few decades the Seattle region has adopted an aggressive seismic safety
improvement program, particularly with support from FEMA’s Project Impact dur-
ing the 1990s. However, just prior to the earthquake, due to Mardi gras-related riots
in Pioneer Square and the Sodo District, the police had barricaded the area to public
access. We were lucky because in this old part of the city, unreinforced masonry
walls fell into the streets when the earthquake struck, and would have resulted in
many casualties had people been allowed normal access.

2002 Denali Fault, Alaska Magnitude 7.9 Earthquake—The second largest
earthquake ever to strike the United States, the magnitude 7.9 earthquake on No-
vember 3, 2002 on the Denali fault, was a media non-event. This was partly because
the earthquake struck a very remote region of Alaska. We were lucky this large
earthquake was released on a fault in Alaska, rather than along one of the many
faults close to major population centers in California. A similar earthquake along
any of the faults associated with the San Andreas fault would have resulted in thou-
sands of deaths and direct and indirect economic losses that could have easily ex-
ceeded $200 billion.

But it was also a media non-event because the only significant structure situated
in the path of this potentially devastating earthquake did not fail. It was not a mat-
ter of luck that the Trans-Alaska Pipeline performed so well. It was exceptional sci-
entific assessment of the earthquake hazards and innovative engineering design
that prevented an oil spill. The Denali fault experienced 18 feet of horizontal and
2.5 feet of vertical displacement at the pipeline crossing of the fault. Thirty years
ago, state-of-the-art NEHRP-type scientific evaluations of the hazards and innova-
tive engineering design were applied to assure the pipeline was well prepared to ac-
commodate the earthquake.

Seventeen percent of U.S. crude oil flows through the Trans-Alaska Pipeline. The
State of Alaska depends on the pipeline for eighty percent of its revenue. If dam-
aged, the pipeline could have been disabled for many months, causing gas prices to
soar. It is possible that if the pipeline had broken, the resulting environmental dis-
aster would cause the pipeline never to be restored.

Recommendations

Earthquake Monitoring—Most of the earthquake monitoring instrumentation
that has been installed and maintained over the past 50 or more years is focused
on identifying the source of earthquakes and understanding the overall physics of
the earth. Although these seismic networks have provided important data contrib-
uting to the development of seismic hazard maps, they do not provide engineers and
emergency responders the strong-motion information needed to maximize our under-
standing of how essential lifelines, system components, and specific buildings were
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affected during damaging earthquakes. There is an urgent need to fully implement
the Advanced National Seismic System (ANSS), designed to expand, and at some
locations, replace current earthquake monitoring systems to provide critically need-
ed information for the benefit of the earthquake engineering and emergency re-
sponse communities.

The ANSS was authorized by Congress in 2000, but is not yet fully appropriated.
Strong-motion information is critical to making the next breakthrough in under-
standing how to economically halt the growth of earthquake risk and reduce it to
acceptable levels. The next major destructive earthquake is overdue in a wide vari-
ety of locations across the country. The ANSS is the most important new program
needed by the NEHRP. Installing this instrumentation after the next destructive
earthquake will be too late; we need the data that can be recorded during that
earthquake.

Leadership—Leadership has been an issue since the inception of NEHRP. The Pro-
gram has experienced fragmentation, frustrating the attempts to achieve the Act’s
goal of a coordinated hazard reduction effort. A few examples of the fragmentation
will highlight the problem. The budget process is divided among four agencies, four
different budget examiners at the Office of Management and Budget, and three sub-
committees of the House Appropriations Committee. There is no single line item in
the President’s budget for the Earthquake Hazards Reduction Program, even though
there is statutory authority for the program.

The Act provides broad, multiple goals, all of which are important elements of a
comprehensive earthquake hazard reduction program. The existence of multiple
goals, tight fiscal constraints, and no strong, centralized mechanism to guide and
coordinate agency efforts and expenditures results in the available resources being
spread too thin.

The NEHRP 5-year strategic plan (Expanding and Using Knowledge to Reduce
Earthquake Losses: The National Earthquake Hazards Reduction Program Strategic
Plan 2001-2005,” March 2003) should be a guiding document, and each agency’s
budget should be in step with it, but they are not. At present, there is no provision
for meaningful accountability. Without an incentive to carry out priorities, partici-
pating agencies need not follow the plan. As a result, multiple approaches to the
same problem, imbalances between user needs and federal services and products,
competition among agencies, and lack of cooperation make the program less effec-
tive.

Earthquake programs and hazard-reduction priorities are too important to risk
being lost among competing demands and priorities. In California, important earth-
quake programs were but a small portion of the overall responsibilities of depart-
ments responsible for emergency response, geologic hazards, and structural engi-
neering. The State responded by establishing a Seismic Safety Commission as an
independent and single-minded body charged with making certain that earthquake
safety is never overlooked. A similar independent, permanent oversight advisory
body should be established to direct the NEHRP.

I propose that a NEHRP advisory committee be established to advise the four par-
ticipating agencies (FEMA, USGS, NSF, and NIST). The committee would be com-
posed of non-Federal Government experts from State and local government and the
private sector who are involved in reducing earthquake risks. The advisory com-
mittee would help the NEHRP agencies set goals and priorities and see that they
are being met, provide coordination, and assure that a consistent, focused national
program is followed. This body would be independent of the member agencies, and
would report to Congress annually. It would provide overall direction, stature, and
visibility to the program.

I recommend the Subcommittee consider amendments to assure the National
Earthquake Hazards Reduction Program and its component parts are managed in
an integrated manner. The Act should be amended to provide for strong coordina-
tion and accountability.

The Future

The National Earthquake Hazards Reduction Program is at a crossroads, and this
reauthorization provides a meaningful opportunity for an overall look at the pro-
gram. We should seize the opportunity of FEMA’s new position within the Depart-
ment of Homeland Security (DHS) and recognize the synergies between addressing
earthquake threats and terrorist threats.

I was at the annual meeting of the Seismological Society of American in San
Juan, Puerto Rico last week, and read in the morning paper (San Juan Star, May
2, 2003) that Anthony Lowe, head of FEMA’s Mitigation Division, was in town to
give $75 million to the Puerto Rico Electric Power Authority to protect the metro-
politan area’s electric system against hurricane-strength winds. The FEMA could
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have leveraged the value of this funding if it had been realized that putting electric
grids underground would also make them less vulnerable to earthquakes and ter-
rorism. The American Lifelines Alliance, mentioned earlier, has realized that you
get more bang for the buck if you have an all-hazards perspective. I believe FEMA’s
new situation within DHS gives NEHRP an exciting opportunity to be part of a
much larger effort to protect the Nation against not only other natural hazards, but
human threats, as well.

Even greater strides could be made if other federal agencies that have responsibil-
ities in seismic safety were included in national planning for earthquake hazards
reduction. The Department of Energy, Department of Defense, Department of
Transportation, Department of Housing and Urban Development, General Services
Administration, Veterans’ Administration, Corps of Engineers, NASA, and the Bu-
reau of Reclamation all have (or should have) programs that address earthquakes.
The NEHRP should consider and give guidance to the efforts of these agencies.

The NEHRP needs to continue under an improved organizational structure and
proceed along the lines of the overdue, but recently published, NEHRP Strategic
Plan. The Strategic Plan outlines a course of action for the best use of existing fund-
ing and prioritizes opportunities for accelerating the program as additional funding
becomes available. It outlines a balanced and accelerated approach that calls for
Federal-level leadership and incentives focused on the adoption of proper public pol-
icy and expanded funding for the activities needed to develop new design techniques
aimed at making mitigation affordable.

A strong, viable NEHRP must include proactive implementation through in-
creased funding, incentives for risk reduction, new public policy, and inspired lead-
ership. As pointed out in the recent Earthquake Engineering Research Institute re-
port, Securing Society Against Catastrophic Earthquake Losses (Earthquake Engi-
neering Research Institute, Oakland, California, 2003), at current funding levels, it
will likely take 100-plus years to secure the Nation against unacceptable earth-
quake risks. Based on EERI’s research and outreach plan, implementing an ex-
panded program that has three times the funding and includes full appropriations
for ANSS and NEES, will provide the needed earthquake risk reduction results in
the next 20 to 30 years. The next major earthquake will demonstrate that 100 years
is much too long to wait.

Unless seismic safety is afforded a priority that is now lacking throughout the 39
states that have significant earthquake exposure, the United States will experience
unacceptable and avoidable deaths and economic losses from future earthquakes.
FVekhave been lucky, we cannot afford to base our earthquake public policy on dumb
uck.

Thank you for the opportunity to address the Subcommittee.

BIOGRAPHY FOR LLOYD S. CLUFF

PROFESSIONAL EXPERIENCE
Pacific Gas and Electric Company, San Francisco, California, 1985-Present

Manager, Geosciences Department

¢ Responsible for assessments of PG&E facilities with respect to earthquake
and geologic hazards, soil and rock foundation conditions, and groundwater
contamination

e Program Manager of the Diablo Canyon Long-Term Seismic Program

—Responsible for technical and administrative management of the program

—Directed studies in seismic geology, geophysics, seismology, earthquake
engineering, and probabilistic risk assessment, which were required by
the U.S. Nuclear Regulatory Commission for the comprehensive re-eval-
uation of the seismic safety of the Diablo Canyon Nuclear Power Plant

—Manager of PG&E’s Earthquake Risk Management Program
California Seismic Safety Commission, Sacramento, 1985-1999

Commissioner

Vice Chairman, 1986-1988; Chairman, 1988-1990 and 1995-1997; Chairman of
Research Committee, 1988-1999; Cellular Telecommunication Seismic Risk
Task Group, 1991-1992; Chairman of Committee on Acceptable Earthquake
Risk Policy for State Buildings, 1990-1991

Woodward-Clyde Consultants, San Francisco, California, 1960-1985

Vice President, Principal, and Director



41

e Responsible for technical and administrative functions related to geologic,
seismologic, geophysical, and earthquake engineering investigations and
evaluations

e Projects included siting and design studies for critical facilities worldwide

University of Nevada, Reno, Nevada, 1967-1973

Associate Professor of Geology and Geophysics (Visiting)
Lottridge, Thomas and Associates, Salt Lake City, Utah, 1960

Geologist
El Paso Natural Gas Company, Salt Lake City, Utah, 1957-1959

Junior Geologist
University of Utah, Salt Lake City, Utah, 1958-1960

Teaching Assistant

EDUCATION
Brigham Young University, Provo, Utah 1951-1954
University of Utah, Salt Lake City, Utah, B.S., Geology, 1960

REGISTRATIONS
Geologist: California No. 1725
Certified Engineering Geologist: California No. EG567

AFFILIATIONS

Association of Engineering Geologists—Board of Directors, 1966-1970; Vice Presi-
dent, 1967-1968; President, 1968-1969

Earthquake Engineering Research Institute—Board of Directors, 1976-1980 and
1991-1995; President-Elect, 1992-93; President, 1993-1995; Past President,
1995-1996; Learning from Earthquakes Committee, 1985-1997

California Earthquake Safety Foundation—Board Member, 1989-1997; Vice Presi-
dent, 1991-1997

Geological Society of America International Association of Engineering Geology—
Vice President, 1970-1974; Chairman, Commission on Seismicity, 1970-1976

Seismological Society of America—Board of Directors, 1980-1986; Vice President,
1981-1982; President, 1982-1983

Structural Engineers Association of Northern California

HONORS

U.S. Department of Interior, Geological Survey; John Wesley Powell Award, 2000

California Earthquake Safety Foundation; Alfred E. Alquist Medal, 1998

Earthquake Engineering Research Institute; elected Honorary Member, 1996

California Academy of Sciences; elected Fellow, 1992

Structural Engineers Association of Northern California; Degenkolb Award, 1992

Pacific Gas and Electric Company; Excellence Award, 1992

Pacific Gas and Electric Company; Excellence Award, 1991

Woodward-Clyde Consultants; Woodward Lecturer Award, 1979

National Academy of Engineering; elected Member, 1978

International Atomic Energy Agency; Distinguished Lecturer Award, 1975

American Society for Testing and Measurements; Hogentagler Award, 1968

Listed in Engineers of Distinction, Who’s Who in Science, and Who’s Who in Amer-
ica

RELATED EXPERIENCE

Post-Earthquake Field Studies

Post-earthquake field studies of many destructive earthquakes throughout the world
including Hebgen Lake, Montana 1959; Alaska 1964; Parkfield, California 1966;
Caracas, Venezuela 1967; Dasht-E Bayaz, Iran 1968; Santa Rosa, California
1969; Peru 1970; San Fernando, California 1971; Managua, Nicaragua 1972;
Oroville, California 1975; Guatemala 1976; Romania 1977; Tabas, Iran 1978;
Livermore, California 1980; Algeria 1980; Egypt 1981; Mexico City 1985; Soviet
Armenia 1988; Loma Prieta, California 1989; Manjil, Iran 1991; Cape
Mendocino, California 1992; Landers-Big Bear, California 1992; Northridge,
California 1994; Kobe, Japan 1995; and Lijiang, Yunnan, China 1996; Kocaeli,
Turkey, 1999; Chi-Chi, Taiwan 1999; and Duzce, Turkey 1999.
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Active Fault Field Studies

Studies of the relationship of tectonics, seismic geology, and seismicity of many ac-
tive fault zones throughout the world including those in New Zealand, Aus-
tralia, Chile, Argentina, Peru, Bolivia, Ecuador, Colombia, Venezuela, Costa
Rica, Nicaragua, Honduras, E1 Salvador, Guatemala, Mexico, Japan, Taiwan,
India, Nepal, Pakistan, Iran, Afghanistan, Turkey, Armenia, Georgia, Russia,
Morocco, Algeria, Egypt, Israel, Lebanon, Jordan, Romania, Switzerland, Spain,
Portugal, Italy, western United States, British Columbia, and Alaska. Served as
an advisor to the governments of many of these countries regarding the evalua-
tion of earthquake and geologic hazards and risk and the formulation of seismic
safety guidelines and public policy, especially in the siting, design, and con-
struction of critical facilities.

Publications

Authored and co-authored more than 180 technical papers on subjects relating to
seismic geology, paleoseismicity, regional seismicity, earthquake hazards and risk,
earthquake engineering, and seismic safety of critical facilities. These papers have
been published in the proceedings and journals of national and international sci-
entific and engineering associations and societies.

Lectures

Invited lecturer and keynote speaker on seismic geology, seismicity,
paleoseismicity, earthquake hazards, engineering geology, and seismic safety at nu-
merous national and international symposia, conferences, universities, associations,
and societies.

Research, Consulting, and Professional Activities

2002-present—Alyeska Pipeline Service Company; member, Senior Earthquake Ad-
visory Panel to advise on seismic safety issues following November 3, 2002
Denali Fault Earthquake.

2002-present—Scientific Earthquake Studies Advisory Committee; Chairman of
committee that advises on National Earthquake Hazards Reduction Program
activities of the U.S. Geological Survey.

2000—National Research Council, National Academy of Sciences, National Academy
of Engineering, and Institute of Medicine; member of U.S./IRAN Interacademies
Cooperative Initiative, a delegation to the Islamic Republic of Iran to normalize
relations between the U.S. and Iran.

1999-2002—World Bank and People’s Republic of China; member of Dam Safety Re-
view Panel for Baise Dam Project, southwestern China.

1999-2001—Sunol Valley Water Treatment Plant, City of San Francisco Hetch-
Hetchy Water System; advise on seismic issues of proposed construction near
Calaveras fault.

1998-2000—Federal Emergency Management Agency; member of National Pre-Dis-
aster Mitigation Program Advisory Panel.

1997-1999—National Academy of Sciences, National Research Council; member of
Committee on Assessing the Costs of Natural Disasters.

1997-1999 —Institute for Business and Home Safety, the Subcommittee on Natural
Disaster Reduction, and the President’s Office of Science and Technology Policy;
member of organizing committee for Public-Private Partnership, PPP-2000, Fo-
rums on Public Policy Issues in Natural Disaster Reduction.

1997-1999 —Government of Portugal; Empresa de Desenvolvimento a Infra-
estruturas do Alqueva, S.A.; evaluated seismic hazards and risks for the pro-
posed Alqueva Dam. The dam will create the largest reservoir in Europe; res-
ervoir-triggered seismicity is a concern for the environment.

1996-2001 —Southern California Earthquake Center; member of Advisory Board.

1996-1999 —National Academy of Sciences; member of Board On Natural Disasters
to advise Congress, the President’s Office of Science and Technology Policy, and
government agencies with regard to reducing losses from natural disasters.

1994-2002—Greater Vancouver Water District; member of Seismic Review Board
gvaluating and providing advice on the seismic safety of the district’s major

ams.

1993-present—Israel Electric Corporation; Chairman of Seismic Review Board pro-
viding advice on the seismic safety of siting and constructing a commercial nu-
clear power plant in Israel.

1993-1996—U.S. Department of Energy, U.S. Nuclear Regulatory Commission, and
Electric Power Research Institute; member of Senior Seismic Hazard Analysis
Committee to develop state-of-the-art implementation guidelines and methods
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for the performance of probabilistic seismic hazard analyses for the seismic reg-
ulation of nuclear power plants and other critical facilities.

1990-1994 —Los Angeles Harbor Department; member of 2020 Program Technical
Review Committee to evaluate and provide advice on seismic hazards affecting
proposed harbor development scheduled for completion in the year 2020.

1991-1993—B.C. Hydro; member of Provincial Seismic Review Panel to evaluate
and provide advice on the seismic hazards to British Columbia’s hydroelectric
facilities and power systems.

1991 —National Academy of Sciences; member of Project Site Evaluation Review
Committee, Laser Interferometer Gravitational-Wave Observation (LIGO), at
the California Institute of Technology.

1990-1992—Yukon Pacific Corporation; member of Earthquake Consulting Board
advising on the feasibility of design and construction of a Liquefied Natural Gas
Terminal near Valdez, Alaska.

1989-1990—National Academy of Sciences; member of U.S. National Committee for
the Decade for Natural Disaster Reduction.

1986-1990—The National Earthquake Prediction Council; member of Working
Group on California Earthquake Probabilities, which published two reports
(1988 and 1990) on the probabilities of large earthquakes on the San Andreas
and associated fault systems.

1986-1989—National Academy of Sciences; member of Committee Advisory to the
U.S. Geological Survey (USGS), advising the Director of the USGS and Chief
Geologist on the broad spectrum of activities within the USGS.

1987-1988 —National Academy of Sciences and National Academy of Engineering;
member of Super-Conducting Supercollider Site Selection Committee to review
fifty proposed sites and select seven for consideration by the Department of En-
ergy.

1988 —Department of Energy Defense Program; member of New Production Reac-
tors Seismic Design Criteria Team to develop site-specific earthquake design
criteria for Savannah River and Idaho nuclear facilities.

1987 —National Earthquake Hazards Reduction Program; member of Expert Review
Committee to review NEHRP program, identify critical issues, and provide rec-
ommendations to assist in revising the Five-Year Hazards Reduction Plan and
proposed budget.

1984-1987—National Academy of Sciences; member of subcommittee to evaluate
earthquake programs of the U.S. Geological Survey.

1982-1986—High and Aswan Dam Authority, Ministry of Irrigation, Government of
Egypt, and U.S. Agency for International Development; director of a comprehen-
sive program to evaluate earthquake activity and dam stability. There was con-
cern for reservoir-induced seismicity and the potential for large earthquakes to
affect the Aswan High Dam and the safety of Egypt.

1982—U.S. Agency for International Development and National Science Foundation;
Chairman of Aswan High Dam Seismic Safety Review Panel formed at the re-
quest of the Government of Egypt following the occurrence of a damaging earth-
quake beneath the reservoir of the High Dam in 1981.

1969-1986 —Commission Federal Energia Atomica and Commission Federal de
Electricidad, Mexico; advised on siting nuclear power plants in Mexico.

1982-1985—National Academy of Sciences; member of Panel on Active Tectonics.

1972-1985—Interconnection Electrica, S.A.; directed studies of seismicity and seis-
mic hazards for the feasibility of siting large dams, reservoirs, and related hy-
droelectric facilities throughout Colombia, including Ituango, Canafisto, Alto
Sinu, Rio Negro, San Carlos, Penderisco, and Troneras.

1974-1985—1Israel Electric Corporation; provided advice on earthquake hazard eval-
ulations regarding the technical feasibility of siting a commercial nuclear power
plant.

1970-1985—Government of Venezuela; directed geologic and seismic studies regard-
ing the siting of major dams, reservoirs, and related hydroelectric facilities in-
cluding Yacambu, Uribante-Caparo, La Honda, La Vueltosa, and Borde Seco.

1969-1985—International Atomic Energy Agency, Vienna; Nuclear Power Plant
Siting Missions. On behalf of the agency and according to the IAEA siting cri-
teria, evaluated the siting of nuclear power plants in Mexico, Chile, Portugal,
and Venezuela. These assignments included site visits, fieldwork, evaluating the
likelihood of successful licensing, meetings with the applicant, and writing re-
ports on behalf of the IAEA.

1981-1984 —National Academy of Sciences; member of Geological Sciences Board.

1978-1984—National Science Foundation and U.S. Geological Survey; member of
Earthquake Hazards Mitigation Advisory Panel.
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1972-1984—Washington Public Power Supply System: Hanford Nuclear Siting
Studies; responsible for geologic and seismologic investigations to select sites of
proposed nuclear power plants Satsop Nuclear Power Plant; responsible for geo-
logic and seismologic investigations that resulted in the licensing of the Satsop
site in Washington.

1973-1983—Ente Nazionale Per L’Energia Elettrica (Italian Electric Utility, ENEL);
directed detailed seismic studies toward the licensing of Italian nuclear power
plants. Proposed sites included Tarquina, Montalto di Castro, Torrente
Saccione, and Gargano.

1981-1982—INECEL, Ecuador; directed feasibility studies for dams and hydro-
electric facilities in Ecuador, including regional fault and earthquake activity
studies to assess the earthquake potential of the Salado and Coca river regions.

1979-1982—Southern California Edison Company; San Onofre Nuclear Generating
Station licensing studies. Responsible for evaluations of geologic, seismologic,
and earthquake engineering factors to develop a strategy for licensing, taking
into account U.S. Nuclear Regulatory Commission criteria, and the seismic
issues of intervenors.

1978-1982—Atomic Energy Commission of Portugal; identified acceptable regions
for nuclear power plant sites, after a capable fault was found to traverse Por-
tugal’s first proposed site north of Lisbon, resulting in the site being abandoned.
All Portugal was studied to identify regions where nuclear power plant sites
would have a high likelihood of being licensed, based on IAEA seismic siting
criteria.

1977-1982—Alaska Natural Gas Transportation System Studies, Northwest Pipe-
line Company and Fluor Engineers and Constructors; responsible for assessing
potential seismic hazards along the pipeline corridor, and their significance to
pipeline design.

1977-1982—Pacific Gas and Electric Company, Humboldt Bay Nuclear Power Plant
Studies; (In 1977, the U.S. Nuclear Regulatory Commission suspended the
plant’s operating license until adequate studies were completed to address seis-
mic issues.) Directed detailed geologic and seismic investigations to answer spe-
cific issues raised by the U.S. Nuclear Regulatory Commission regarding the po-
tential for surface faulting at the site and the basis for defining the vibratory
ground motions.

1981 —Western States Seismic Policy Council; member of Panel on Regional Tec-
tonics and Seismic Safety.

1981 —National Science Foundation; member of committee evaluating National Pro-
gram for Strong-Motion Earthquake Instrument Arrays.

1980-1981 —California Public Utilities Commission; chairman of Seismic Safety Re-
view Panel for proposed Liquefied Natural Gas Facility at Point Conception,
California. Previously unknown active faults traversing the proposed site
caused a technical and political controversy and a loss of confidence in the safe-
ty of the site. At the conclusion of the Panel’s evaluation and report, and after
extensive hearings, all seismic safety issues were satisfactorily resolved and the
site was approved for facility design and construction.

1970-1981—Comitato Nazionale Per L’Energia Nucleare, (Italian Atomic Energy
Commission, CNEN); responsible for studies regarding seismicity and geologic
conditions at nuclear power facility sites in Italy, including Brasimone, Latina,
Tarquinia, Montalto di Castro, and Busalla.

1979-1980—National Academy of Sciences, U.S. National Committee for Rock Me-
chanics; member of Panel on Rock Mechanics Research Requirements.

1977-1980—National Research Council, National Academy of Sciences; member of
Panel on Earthquake Research for the Safer Siting of Critical Facilities.

1972-1980—President’s Office of Science and Technology Policy; advised on earth-
quake hazards and risk evaluations for the San Francisco Bay Area, the Los
Angeles Metropolitan Area, and the Salt Lake City Area.

1979—UNESCO; member of Panel on Earthquake Risk and Insurance, Cocoyoc,
Mexico.

1979—National Science Foundation; member of Joint U.S./Japan Symposium,
Earthquake Safety Through Urban Design, Tokyo, Japan.

1976-1979—National Academy of Sciences; member of Seismology Committee.

1975-1979—President’s Office of Science and Technology Policy; member of
Newmark-Stever Panel to develop a national program for earthquake prediction
and hazard mitigation for the U.S. Geological Survey and the National Science
Foundation.

1978 —International Association for Earthquake Engineering, UNESCO, and the
National Science Foundation; member of International Workshop on Strong-Mo-
tion Earthquake Instrument Arrays.
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1977-1978—U.S. Army Corps of Engineers, New Melones Dam regional and site
studies, California; directed evaluations of faults as sources of future earth-
quake activity, the potential for surface faulting, and the potential for reservoir-
induced seismicity at the site of the New Melones Dam on the Stanislaus River.

1976-1977—U.S. Bureau of Reclamation, Auburn Dam regional and site studies,
California; directed detailed fault and earthquake investigations to assess the
earthquake and faulting potential at the proposed dam site, characterize the
earthquake ground motions, and evaluate the potential for reservoir-induced
seismicity.

1975-1978 —Secretary of the Interior; member of Earthquake Advisory Panel to
evaluate earthquake programs of the U.S. Geological Survey.

1975-1977—California Seismic Safety Commission; member of Task Committee on
Seismic Hazards and State-Owned Structures.

1974-1977—Pacific Gas and Electric Company; directed Regional Inland California
Nuclear Power Plant Siting Studies, extensive and comprehensive regional geo-
logic, seismologic, microearthquake, earthquake engineering, and groundwater
hydrology studies, as part of PG&E’s evaluation of potential sites for nuclear
power plants in the inland areas of central and northern California.

1972-1977—Atomic Energy Office of Iran; directed national nuclear power plant
siting studies of seismicity and earthquake faults to select power plant sites
within the Zagros Mountains and the Persian Gulf Coast regions of Iran.

1970-1976 —UNESCO; member of International Panel of Experts on Seismic Phe-
nomena Associated With Large Reservoirs.

1972-1974—Ministry of Planning, Managua, Nicaragua; directed post-earthquake
studies and earthquake hazards evaluations to assist the people of Nicaragua
in rebuilding following the devastating 1972 earthquake. Studies resulted in a
comprehensive seismic safety plan to rebuild Managua.

1972-1974—Alyeska Pipeline Service Company; directed Trans-Alaska Pipeline
Siting Study, a comprehensive program that identified and evaluated geologic
and seismic factors to be considered in the siting and design of the pipeline.
Where the proposed pipeline crossed active faults, developed design values for
surface fault displacements.

1970-1974—California Legislature’s Joint Committee on Seismic Safety; member of
Advisory Group on Land-Use Planning.

1970-1974 —California Governor’s Earthquake Council; member

1972-1974—International Atomic Energy Agency, Vienna; provided advice regard-
ing seismic and geologic criteria for the siting of nuclear power plants.

1969-1973—U.S. Atomic Energy Commission, provided advice regarding seismic
and geologic criteria for the siting and design of nuclear power plants.

1968-1973—San Francisco Bay Conservation and Development Commission; charter
member of the Earthquake Engineering Criteria Review Board.

1970-1972—Atomic Energy Commission of Chile; provided advice regarding seismic
review and siting of nuclear power plants in Chile.

1967-1972—President of Venezuela’s Earthquake Safety Commission; provided ad-
vice regarding seismic safety in Venezuela and recommended the establishment
of FUNVISES, the National agency charged to monitor seismic safety.

1966-1970—State of Utah and the Utah Geological and Mineralogical Survey; mem-
ber of Governor’s Earthquake Council regarding earthquake and geologic haz-
ards in Utah.

1969—Office of the President and Secretary of the Interior; member of Santa Bar-
bara Channel Oil Spill Panel to evaluate the 1969 Santa Barbara Channel oil
well blow-out and recommend measures to minimize future impact.

1968-1969—Commission Federal de Electricidad, Mexico; provided advice regarding
seismic review and feasibility of the proposed Sumidero Canyon hydroelectric
project.
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Lloyd 8. Cluff
33 Mountain Spring Ave.
San Franciseo, CA 94114
415-564-9371
floydcluff@aol.com

Tuly 29, 2003

The Honorable Nick Smith
Chairman, Research Subcommittes
2320 Rayburn Office Building
Washington, DC 20515

Doar Congressman Smith;

Thank you for the invitation to testify before the U.S, House of Representatives Science
Committes, on May 8 for the hoaring entitled The Narional Earthquake Hazards )
Raduction Program: Past, Present and Fusure. In sccordance with the Rules Goveming
Testimony, this letter serves as formal notice to report that Ixeceived no federal funding
directly supporting the subject matter on which I teatified, in the curvent fiscal year or either of
¢he two proceeding fiscal years.

Sincerely,

SR

Lioyd 8. Cluff

Chairman SMITH. Dr. O’'Rourke.

STATEMENT OF DR. THOMAS D. O'ROURKE, PRESIDENT,
EARTHQUAKE ENGINEERING RESEARCH INSTITUTE; THOM-
AS R. BRIGGS PROFESSOR OF ENGINEERING, CORNELL UNI-
VERSITY

Dr. O'ROURKE. Chairman Smith and Members of the Sub-
committee, it is, indeed, an honor to be here to be able to testify
on behalf of the Earthquake Engineering Research Institute.

This is an organization of about 2,500 people. They come from
the geosciences, the engineering, and social science communities, so
it is a very integrated group of people. We are dedicated to seismic
risk reduction in the United States.

I have a Power Point presentation that I am looking for in the
projection here.

[Slide.]

This—I think we need to recognize that the National Earthquake
Hazards Reduction Program has been a highly successful program.
It has got a number of notable accomplishments that are very im-
portant for the United States and also set a model for the rest of
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the world. We have been able to develop very good earthquake haz-
ard maps, seismic design provisions for new buildings, rehabilita-
tion guidelines for existing buildings, and loss estimation meth-
odologies, which, as I mentioned before, are a model for the rest of
the world. And FEMA has been an implementer of these particular
provisions but has worked very closely with other NEHRP agencies
that have developed the research bases for these accomplishments.

In terms of recommendations, we believe, that is the Earthquake
Engineering Research Institute, that we need to maintain a strong,
viable NEHRP. So we urge that Congress do that. We think that
there are some recommendations that could be followed for im-
proved leadership and agency integration. We urge you to support
the Advanced National Seismic System and the George E. Brown
network for earthquake engineering simulation. We also believe
that NEHRP, during its reauthorization, should be done so with a
thought for increased funding reflecting the—our research and out-
reach plan.

As you know, the Advanced National Seismic System will be put-
ting in 6,000 new stations. These are critically important for moni-
toring seismic events in the United States. There is a concentration
on urban centers where our risk is the highest. And the ANSS also
produces shake maps, which provide almost in real time an esti-
mation of what the magnitude and severity of earthquake ground
motion, which is used by emergency responders. And this is a very
important aspect of this, very important aspect of information tech-
nology application.

The George E. Brown network for earthquake engineering sim-
ulation purports to put together a laboratory, which involves the
entire United States. Currently there are 15 sites at different uni-
versities across the United States that are accessible by the entire
earthquake and—earthquake engineering and other communities.
It will be establishing, through high-performance Internet, the ca-
pability of doing research and testing at very high and sophisti-
cated levels in a way that can be done at a number of different lo-
cations contemporaneously and represents a marvelous advance-
ment in the application of practical information technologies and a
great boost for the education system.

Some of the leadership improvements that we envision for
NEHRP involve that NEHRP should have a visible place and des-
ignated staff within each NEHRP agency, especially Department of
Homeland Security. We also recommend that some consideration
be given that OMB assign, perhaps, one of the participating exam-
iners to coordinate the budgeting within the four agencies so that
the funds are invested—that are invested will be balanced and
prioritized in a programmatic way. We recommend that Congress
ask the President to create an independent committee of external
experts responsible for oversight of NEHRP. This oversight com-
mittee would report to Congress no less than biannually, and we
note that similar recommendations have been made by experts pre-
viously convened to provide advice on NEHRP.

NEHRP funding has been subjected to eroding levels of support.
This is really quite serious, because we are not able to accomplish
what we need to and what we are able to do. NEHRP funding has
declined by 40 percent in real dollars since 1978. And this has been
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hurtful. We must recognize that this type of funding situation is se-
rious and has consequences that none of us wish to have. Perhaps
in the future, funding levels could be indexed at a computer—
through the consumer price index to at least provide some protec-
tion against inflation.

And then we also urge you to consider the EERI Research and
Outreach Plan. That plan is called “Securing society against cata-
strophic earthquake losses.” This is a consensus document. It has
been thoroughly reviewed by —reviewed and approved by the com-
munity. It provides a comprehensive 20-year plan. Part of that plan
is focused on increasing current allocations by over three-fold to
about $360 million a year for the first five years. And there is an
explicit game plan given for how that money would be allocated
and spent in important areas that contribute to our seismic safety.
This recognizes still 20 times less than annualized losses from
earthquakes in the United States.

These are the five components of the program. In the written tes-
timony, there is a demonstration of the proportion of funding for
the first 5-year period of time, where that money would be spent.
The five different programs here, you will notice one is education
and outreach. This is public education outreach. But in each of the
other programs, at least 35 to 50 percent of the funding is focused
on implementation. Now what we mean by outreach is implementa-
tion, technology transfer, and education.

Now I want to point out that there are tremendous contributions
of earthquake engineering to our U.S. national technological infra-
structure. Earthquake engineering advances are leveraged beyond
earthquakes. They are leveraged to other natural disasters. They
are leveraged to civil infrastructure improvements. They are lever-
aged to applied information technology, and they are leveraged to
homeland security. There are examples in the written testimony
that spell some of these examples out, which I think are very im-
portant to consider. They involve active and passive controls devel-
oped in earthquake applications, which are now applied for wind
control that are being considered for blast protection, advanced geo-
graphical information systems, particularly with respect to lifeline
networks, the kinds of gas and electrical and water supplies that
Dr. Cluff was talking about. There are the ATC 20 inspection pro-
cedures and a number of others.

And I would just like to illustrate the importance of this by look-
ing at the Applied Technology Council 20 protocols, which were de-
veloped under NEHRP for rapid investigation and decision making
with respect to earthquake damage to buildings. This was an oft-
the-shelf protocol coming from NEHRP that was available after the
World Trade Center disaster, and it was used to examine explicitly
and in detail 460 buildings that surrounded the World Trade Cen-
ter site. And as you remember during that event, it was critically
important to restore these facilities so that we had financial mar-
ket security. Most of those buildings surrounding the World Trade
Center site were buildings that were the housings of —for financial
institutes, for banks, and so forth that needed to be operational so
that the markets could start the following week.

This technology was available because of NEHRP. So our—ex-
cuse me, our final recommendations again are to have a strong,
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viable NEHRP, to consider a leadership situation in which we have
an external board of experts that can help to plan and provide
oversight for the activities of NEHRP, and then finally to remem-
ber us in terms of the funding needs and the value that this par-
ticular program supplies. It is leveraged in ways that are very, very
important for a whole variety of different technologies, and espe-
cially homeland security. We like to look at earthquakes as an ex-
ample of extreme events. And some of the things that we do are
applicable to other extreme events.

So I will end with a plea and with asking your consideration for
assistance with, sort of, stemming the tide of this eroding funding
situation and thinking very seriously about the model that has
been proposed by the Earthquake Engineering Research Institute
for increased support for this very valuable program.

Thank you very much, Chairman Smith.

[The prepared statement of Dr. O’Rourke follows:]

PREPARED STATEMENT OF THOMAS D. O’ROURKE

On behalf of the Earthquake Engineering Research Institute (EERI), I am pleased
to testify before the Subcommittee on Basic Research of the House of Representa-
tives Committee on Science, and thank the members of the House for providing this
opportunity. My testimony has been prepared in coordination with past president
Chris Poland and the other members of the Board of Directors of the Earthquake
Engineering Research Institute, and I thank them for their insights and assistance.

Benefits of NEHRP

For the past 25 years, The National Earthquake Hazard Reduction Program
(NEHRP) has been the backbone for protecting U.S. citizens from the deadly and
economically disruptive effects of earthquakes and for seismic risk reduction
throughout our nation. Unfortunately, over 75 million Americans in 39 states are
directly vulnerable to serious earthquakes, all Americans are vulnerable to the eco-
nomic and social upheaval that earthquakes incur, and despite the remarkable ad-
vances that have been made over the past 25 years, the earthquake risk to the U.S.
remains unacceptably high. Direct economic losses from the 1994 Northridge earth-
quake in the Los Angeles area were in excess of $40 billion.1 One year later, a se-
vere earthquake struck Kobe, Japan, causing over $100 billion2 in direct damage
to buildings and facilities. There were more than 5500 deaths? as a result of the
Kobe earthquake in a country that, like the U.S., is among the most technologically
advanced in the world.

We face inevitable earthquakes that will affect our urban centers nationwide. The
cost could reach $100 to 200 billion dollars each, with the potential loss of thou-
sands of lives. At a time when our country is faced with threats of every kind, we
need a strong and enhanced NEHRP. The problem is two-fold, involving the lack
of implementation of appropriate building standards and the high cost of strength-
ening the existing built environment. We need to expand the protection and tech-
nologies that NEHRP is providing to reduce cost to affordable levels and encourage
the mitigation activities that will provide the needed protection.

NEHRP not only contributes to improved seismic performance, but contributes
markedly to improved performance and reliability under both normal operation and
extreme events associated with other natural hazards (e.g., hurricanes, floods,
strong wind, etc.), severe accidents, and terrorist activities. As will be demonstrated
later in this testimony, NEHRP investments are leveraged into improved safety and
reliability of all components of the Nation’s civil infrastructure, including buildings,

1Eguchi, R.T., J.D. Goltz, C.E. Taylor, S.E. Chang, P.J. Flores, L.A. Johnson, H.A. Seligson,
and N.C. Blais (1996), “The Northridge Earthquake as an Economic Event: Direct Capital
Losses, Analyzing Economic Impacts and Recovery from Urban Earthquake: Issue for Policy
Makers,” EERI Conference, Pasadena, CA, October 10-11, pp. 1-28.

2United Nations Center for Regional Development (1995), “Comprehensive Study of the Great
Hanshin Earthquake, Nagoya, Japan: UNCRD.” The damage cost was estimated at 9.916 trillion
yen by the Hyogo prefectural government, which, at an average exchange rate of 100 yen = one
U.S. dollar, converts to U.S. $99.2 billion (p. 194). This does not include indirect costs following
the earthquake (for example, loss of port revenue and disruption to other business activities).
The fatality total was 5,502 (p. 42).
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transportation systems, water supplies, gas and liquid fuel networks, electric power,
telecommunications, and waste disposal facilities.

Much has been accomplished under NEHRP, and earthquake engineering and
planning have made substantial advances because of its support. Major NEHRP
products include national earthquake hazard maps developed by the U.S. Geological
Survey (USGS), seismic design provisions for new buildings developed by the Fed-
eral Emergency Management Agency (FEMA), guidelines for the rehabilitation of
existing buildings and bridges developed by FEMA and the Federal Highway Ad-
ministration (FHWA), loss estimation methodologies developed by FEMA and
FHWA, and performance-based design procedures developed by FEMA and FHWA.
Many of these products are derived from fundamental research sponsored by the
National Science Foundation (NSF) with supplemental investigations and testing by
the National Institute for Standards and Technology (NIST).

Because of the multitude of products and the need to compress information into
a focused testimony, it is only possible to illustrate with a few select examples how
research under NEHRP has improved our ability to protect lives and property from
earthquake hazards. Through geoscience research, for example, national seismic
hazard maps have been developed and adopted by the International Building Code
in 37 states. The maps affect billions of dollars of new construction, and are used
in seismic retrofits, earthquake insurance, community planning, and the design of
schools, hospitals, bridges, dams, and power systems. Through geotechnical engi-
neering research, for example, the effects of site response and local soil conditions
on strong shaking have been quantified. Provisions for characterizing the amplifying
effects of different ground conditions have been introduced into building codes where
they are used to design public works, housing, and critical facilities.

Geotechnical engineering research has also made enormous progress in character-
izing and stabilizing soils subject to liquefaction. During liquefaction, strong ground
shaking generates high water pressures in saturated sandy soil that, in turn, con-
verts solid ground into a liquid that loses its capacity to support structures and
moves laterally, rupturing underground pipelines and damaging building founda-
tions and waterfront facilities. Research in geotechnical engineering has produced
effective design procedures for liquefaction, developed equipment and maps for iden-
tifying liquefiable soils, and advanced ground stabilization technologies to remove
or substantially reduce the risk of liquefaction.

The current reconstruction of the Nation’s transportation networks under the ICE
TEA and TEA-21 programs has significantly benefited from NEHRP-sponsored re-
search, including the USGS mapping program. The newest design guidelines and
codes for bridge design being utilized in many parts of the country include advanced
seismic design provisions and proper characterization of the seismic potential. The
hundreds of billions of dollars our nation is investing in infrastructure reconstruc-
tion are better protected from significant earthquake effects because of the NEHRP
program.

Structural engineering research under NEHRP has resulted in profound improve-
ments in the ways we analyze and design buildings for earthquake shaking, the
methods we use to rehabilitate existing structures to perform safely in future earth-
quakes, and the advanced technologies we apply to isolate or control buildings from
the damaging effects of seismic motion. A good example of applied structural re-
search is the SAC project3-45 in which university and industry participants com-
bined to resolve problems related to welded steel moment frame buildings. Over 200
buildings of this structural type suffered brittle fractures at welded connections dur-
ing the 1994 Northridge earthquake, and 10 percent of similar steel frame buildings
in Kobe collapsed during the 1995 Kobe earthquake.® The SAC Joint Venture was
formed with FEMA sponsorship in mid-1994 to respond to this crisis. The structural
research, which was produced under fast track conditions, resulted in practical and
cost-effective standards of practice for the repair and upgrading of damaged steel
frame buildings, the design of new steel buildings, and the identification and reha-
bilitation of at-risk steel buildings.

The results of structural, geotechnical, and earth science research come together
in seismic design provisions, guidelines for rehabilitation of buildings, and loss esti-

3Federal Emergency Management Agency (2000), “Recommended Seismic Design Criteria for
New Steel Moment Frame Building,” FEMA-350, Federal Emergency Management Agency,
Washington, D.C.

4Federal Emergency Management Agency (2000), “Recommended Seismic Evaluation and Up-
grade for Steel Moment Frame Building,” FEMA-351, Federal Emergency Management Agency,
Washington, D.C.

5Federal Emergency Management Agency (2000), “Recommended Seismic Evaluation and Up-
grade for Steel Moment Frame Building,” FEMA-352, Federal Emergency Management Agency,
Washington, D.C.
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mation methodologies that have been distributed throughout the Nation and adopt-
ed by building codes and communities in virtually every state of the union. The en-
gine that drives earthquake-resistant practices and seismic risk reduction is the re-
search made possible by NEHRP. U.S. research and engineering practices for earth-
quakes are models for the rest of the world, and are emulated globally. Not only
does the research supported by NEHRP protect lives and property from earthquake
hazards, it distinguishes the U.S. as being at the forefront of globally important and
life-saving technology. Our nation gains leverage from earthquake engineering re-
search through worldwide improvements in safety, protection of life, and the expor-
tation of our technology and engineering services overseas.

Evolution of NEHRP

Over the past 25 years, NEHRP agencies have developed a wide variety of prod-
ucts to improve significantly the practice of earthquake engineering. During this pe-
riod the agencies have evolved and adopted their own roles and specific practices
within NEHRP.

FEMA, which has oversight responsibility for NEHRP, has taken on the role of
sponsoring the development of guidelines and standards for the seismic evaluation
and rehabilitation of existing buildings and for the design of new structures. Before
FEMA involvement, there was little coordinated work in this area. The effort con-
sists of developing consensus guidelines, code provisions, and background materials,
all of which have fostered significant improvements in design worldwide, encouraged
the adoption of appropriate codes in earthquake-prone communities, and have al-
lowed billions of dollars to be spent better on appropriate seismic mitigation and
hardening. FEMA'’s role for new buildings began in 1982 when the agency assumed
responsibility for developing and updating seismic code provisions, which have be-
come the basis for all national seismic codes and standards. FEMA'’s role for existing
buildings began with a planning workshop in 1984 that set the course for what
products were needed. Over the subsequent 18 years, the work plan, twice updated,
has been implemented and professional practice greatly enriched.

The NEHRP agencies in their latest Strategic Plan,® provide an objective look at
what now needs to be accomplished to advance the state of practice to the next
level. Many EERI members were participants in the development of this plan, and
we endorse the balance it calls for between research and outreach activities. Unfor-
tunately, this plan, while completed in 2000, has never been published nor imple-
mented. Without the guidance of such a plan, integrated and effective mitigation
programs are hampered. With continued FEMA support, we look forward to the im-
plementation of strategic planning and the development of mature tools, techniques,
and policies to reduce seismic vulnerability in the U.S.

One of the key policies needed to stimulate implementation involves financial in-
centives. Unlike other national programs, such as the National Flood Insurance Pro-
gram, the current NEHRP legislation contains no explicit provision and no author-
ized funding for encouraging communities to mitigate the adverse effects of earth-
quake hazards. We believe that a more concerted effort to encourage mitigation is
needed and recommend that a flexible program of incentives, tailored to the specific
needs and resources of localities, be developed. EERI published a report, entitled In-
centives and Impediments to Improving the Seismic Performance of Buildings,”
which outlines the opportunities. We recommend that FEMA undertake a concerted
study to identify incentives, both tangible and intangible, that have motivated seis-
mic rehabilitation of existing buildings, and design an incentive program that is ap-
plicable to both local public and private buildings. To support such a study, as much
as five percent of the increased funding recommended for FEMA under the forth-
coming section, entitled EERI Research and Outreach Plan, could be allocated to de-
sign and implement this incentive program.

The USGS has successfully developed a procedure for translating earth science
into the information needed for seismic design. This process has grown from indi-
vidual efforts by USGS researchers to a collaborative program that regularly pro-
duces hazard maps for use by design professionals. They have developed a hazard
mapping office in Golden, CO that works closely with various guideline and stand-
ards organizations to assure that the information is immediately useful. This col-
laboration has allowed the design community to assess seismic hazards on a site-

6 NEHRP Agencies (2003), “Expanding and Using Knowledge to Reduce Earthquake Losses:
The National Earthquake Hazards Reduction Program Strategic Plan 2001-2005,” FEMA, NIST,
NSF, and USGS, March.

7Earthquake Engineering Research Institute (1998), “Incentives and Impediments to Improv-
ing the Seismic Performance of Buildings,” Earthquake Engineering Research Institute, Oak-
land, CA, June.
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by-site basis with increasing detail and reliability. The information produced by
USGS affects hundreds of billions of dollars of construction each year. USGS is cur-
rently building the Advanced National Seismic System (ANSS) that will modernize
and expand the earthquake monitoring system in the U.S., with concentrations in
urban environments and the collection of data pertaining to actual building re-
sponse. If we are to arrest the growth of earthquake risk in the United States, the
USGS must continue to refine our understanding of the seismic potential through-
out the country so that we can better pin-point the areas that need concentrated
mitigation activities. This problem is so large and expensive that we can not afford
to rely solely on the current information to guide our policy decisions.

NSF research started as a program that primarily involved individual researchers
in the early days of NEHRP. Although curiosity-driven, individual researcher sup-
port is still a vigorous component of the NSF plan, a significant part of its earth-
quake engineering research has evolved into a collaborative effort involving engi-
neering research centers (ERCs). There are currently three earthquake ERCs and
an additional center focused on the earth science aspects of earthquakes, each of
which involve a large number of universities, enlist the support of industry, and en-
gage in active outreach programs and K-12 education. The Centers are geographi-
cally distributed, with headquarters in California, Illinois, and New York. They
work on problems that are both regional and national in scope, and they collaborate
in areas of common expertise and interest. NSF also sponsors collaborative pro-
grams with researchers in other countries that have a significant commitment to
earthquake engineering, such as Japan, Taiwan, and Turkey. NSF is currently
building the George E. Brown, Jr. Network for Earthquake Engineering Simulation
(NEES), which will consist of state-of-the-art experimental facilities distributed
across the U.S. working in unison through advanced telecommunications and high
performance Internet. If we are to arrest the growth of earthquake risk in the U.S.,
we must discover new techniques for understanding the vulnerability of structures
and more cost efficient methods for reducing the vulnerabilities to acceptable levels.
This requires NSF sponsored basic research, coordinated research, and development,
all of which include simulation and testing with the NEES equipment sites.

As the Nation’s standards agency, NIST has been the leader in the development
of seismic evaluation, rehabilitation, and design standards for federally owned,
leased or funded facilities. It serves as the secretariat agency of the Interagency
Council for Seismic Safety in Construction (ICSSC). NIST has assisted in the devel-
opment of new structural systems that have advanced the state of practice in earth-
quake engineering. Most recently, NIST made significant contributions to the devel-
opment of a hybrid, pre-cast, reinforced concrete structural system that achieves sig-
nificant construction efficiencies and cost saving without sacrificing seismic perform-
ance. This innovation, which is known as the Pre-cast Hybrid Moment Frame
(PHMRF) System, has been implemented successfully in the construction of the
Paramount, a 39-story apartment tower in San Francisco.

Unfortunately, NIST’s work over the life of NEHRP has been constrained due to
a lack of funding. The capabilities of NIST need to be expanded and leveraged to
support the development of codes and standards. NIST needs to be authorized to
provide the applied research that is needed to speed the translation of basic re-
search into practice. NIST is in the process of publishing a report® on this “missing
link” that clearly identifies the work that needs to be done.

We also recommend that the Federal Government deal immediately and in a
proactive manner with its own inventory of buildings. Federal leadership, in terms
of design requirements for federal buildings, rehabilitation standards and programs
for existing buildings, minimum seismic standards for leased buildings and federally
funded projects are a key to stimulating nationwide interest in seismic safety. We
not only need the Federal Government to lead by example, we also need to protect
the millions of federal employees and guests that occupy federal buildings that do
not meet the governments own standards for earthquake safety.

EERI Research and Outreach Plan

EERI is a national, nonprofit technical society of engineers, geoscientists, archi-
tects, planners, public officials, and social scientists. The 2,500 members of EERI
include researchers, practicing professionals, educators, government officials, and
building code regulators. The objective of EERI is to reduce earthquake risk by ad-
vancing the science and practice of earthquake engineering, improving the under-
standing of the impact of earthquakes on the physical, social, economic, political and

8 Applied Technology Council (2003), “The Missing Piece: An Initiative to Improve Seismic De-
sign and Construction Practices,” ATC-57, Applied Technology Council, Redwood City, CA, in
press.
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cultural environment, and by advocating comprehensive and realistic measures for
reducing the harmful effects of earthquakes.

EERI convened a panel, representing a broad and multidisciplinary cross-section
of its membership, to develop a Research and Outreach Plan.® The plan includes
both practical and basic research, and contains an outreach component that address-
es implementation, education, and technology transfer. This plan began with the
careful deliberations of the panel, and has been prepared with the counsel of the
NEHRP agencies. It has undergone careful and intense scrutiny by our members as
well as experts outside our membership. It represents the first comprehensive, con-
sensus document from the entire earthquake engineering community about what
needs to be done from earth science, through structural engineering and architec-
ture, to social science and public policy. This plan is currently in publication and
is receiving the endorsement of most of the significant stakeholders, users, and re-
searchers who have dedicated their careers to achieving an acceptable level of earth-
quake safety. As of the preparation of this testimony, the organizations endorsing
the EERI Research and Outreach Plan include Applied Technology Council, Cali-
fornia Seismic Safety Commission (CSSC), Cascadia Region Earthquake Workgroup
(CREW), Central United States Earthquake Consortium (CUSEC), Consortium of
Universities for Research in Earthquake Engineering (CUREE), Council of Amer-
ican Structural Engineers, Mid-America Earthquake Center, Multidisciplinary Cen-
ter for Earthquake Engineering Research (MCEER), National Fire Protection Asso-
ciation, Natural Hazards Center, Oregon Department of Geology and Mineral Indus-
tries, Pacific Earthquake Engineering Research Center (PEER), Public Entity Risk
Institute, Seismological Society of America (SSA), and Structural Engineers Associa-
tion of California (SEAOC).

At current funding levels, we believe that it will take over 100 years to secure
the Nation against unacceptable earthquake risks. Based on the recently released
Research and Outreach Plan, Securing Society Against Catastrophic Earthquake
Losses,® we believe that if program funding is augmented 3 times the current level,
we will achieve the needed results in the next 20 years. The cost is estimated to
be on average $330 million per year for the 20-year duration of the plan, which is
less than one twentieth of the annual projected losses from earthquakes in the
U.s.10

We believe that this Research and Outreach Plan provides the essential basis for
seismic risk reduction by providing tools that will be easily understood, feasible, cost
beneficial, and adaptable. It calls for a five-fold program, consisting of research and
development pertaining to Understanding Seismic Hazards, Assessing Earthquake
Impacts, Reducing Earthquake Impacts, Enhancing Community Resilience, and Ex-
panding Education and Public Outreach. Detailed descriptions of topics and work
are provided in the document for each program area, and interested parties should
refer to it for specifics.

Figure 1 shows the recommended funding proportions during the first five years
of the program. Separate categories for capital investments and information tech-
nologies are indicated in each pie chart. The recommended capital investments per-
tain to NEES experimental facilities, ANSS, and field instrumentation. It is as-
sumed that the first five-year cycle of the program occurs in FY04-08. The rec-
ommended annual level of funding in the first five-year period is nearly $360 mil-
lion, with a yearly $330 million average over 20 years.

9 Earthquake Engineering Research Institute (2003), “Securing Society Against Catastrophic
Earthquake Losses,” Earthquake Engineering Research Institute, Oakland, CA, March.

10HAZUS 99, “Estimated Annualized Earthquake Losses for the United States,” (2000),
FEMA-366, Federal Emergency Management Agency, Washington, D.C.
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Figure 1 Recommended Funding Proportions for Program Areas, Capital Investments,
and Information Technology in EERI Research and Outreach Plan

We strongly recommend that NEHRP be reauthorized at an augmented level con-
sistent with the EERI Research and Outreach Plan. We believe that this will require
the funding authorization for FEMA related to NEHRP to be increased to approxi-
mately $70 million per year, NIST to $20 million, NSF to $140 million, and USGS
to $130 million.

We believe that the basic proportions illustrated in Figure 1 represent the appro-
priate funding allocations within the NEHRP program. As the level of overall fund-
ing increases, we will achieve the goal of reducing the effects of earthquakes at an
accelerating rate. As a minimum, we firmly believe that support significantly ex-
ceeding current funding horizons is critically important for ANSS and NEES in
FY04-08.

ANSS is fundamentally important for NEHRP. Advancements in earthquake un-
derstanding and earthquake engineering occur after major earthquakes. The re-
sponse of the built environment to strong shaking continues to provide real time
clues to what works and what doesn’t. To maximize our understanding, we need to
know how strong the ground is shaking, and we need to understand fully the extent
of damage that has been caused. ANSS will consist of 6,000 new instruments con-
centrated in high-risk urban areas to monitor ground shaking and the response of
buildings and structures, together with upgraded regional and national networks
and data centers. ANSS will provide scientists with high quality data to understand
earthquakes, engineers with information about building and site response, and
emergency response personnel with near-real-time earthquake information.

Appropriations for ANSS are only proceeding at one-tenth the planned rate. Every
year that we delay the deployment of ANSS we run the risk of missing the oppor-
tunity to record the shaking in a manner that will be useful to the engineering com-
munity. ANSS is the most critical new program needed by NEHRP. Putting the in-
strumentation in after the next earthquake will be too late.

NEES is a nationwide resource of advanced research equipment sites networked
through the high performance Internet. The network is focused on improving the
seismic design and performance of U.S. public and private works through advances
in the technologies applied in civil, mechanical, and telecommunication systems. The
network will use state-of-the-art experimental and simulation capabilities to under-
stand the behavior of critical facilities under complex earthquake loading and to test
and validate the analytical and computer models needed for effective engineering.
NEES will link sites throughout the U.S. and globally to create a shared resource
that benefits from open access and the contributions of leading researchers at mul-
tiple locations. Participation in NEES will involve educators, students, practitioners,
public sector organizations and interested individuals, all of whom will have access
to equipment, data, models, and software developed through the network. Because
the network is distributed throughout the Nation, it will draw attention to earth-
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quake vulnerability nationwide and the need for proper implementation and mitiga-
tion activities.

Support for NEES is support for our future and a significant boost for our edu-
cation system. It is an effective means of promoting U.S. leadership in the engineer-
ing of critical civil and mechanical systems and in applying telecommunications to
energize the development of innovative and advanced technologies that benefit each
American citizen.

Information Technology and Earthquake Mitigation

Information technology (IT) enhances our ability to monitor seismic motion, pre-
dict how the ground will shake during a future earthquake, and model how struc-
tures respond. It provides the basis for rapid sensing and structural controls that
will make buildings perform better during seismic excitation. It provides for remote
data acquisition and interpretation coupled with rapid communication and visual-
ization to direct emergency response. In the future, we will find that IT becomes
a unifying and complementary force for decision-making that will be embedded in
the most basic and fundamental units of our communities. Hence, IT has the poten-
tial to improve how communities accomplish the necessary tasks to reduce vulner-
ability, coordinate local with regional planning, and prevent catastrophic earth-
quake loss.

Securing Society Against Catastrophic Earthquake Losses® presents an overview
of IT applications to earthquake engineering, some of which are paraphrased here
to highlight opportunities for mitigating earthquake hazards. New developments in
micro-electromechanical sensors for acceleration, strain, pore water pressure, and
other quantities will significantly enhance our ability to collect and process large
volumes of data. Digital video, infrared, ultrasound, radar and lasers provide un-
precedented opportunities for damage assessment. Satellite imaging, remote sens-
ing, and high-resolution aerial photography provide new capabilities to capture and
update inventory information on the natural and built environment prior to an
earthquake, and to provide near real-time damage assessments after an event. Since
high-end computers will likely realize petaflop scale (1015 floating point operations
per second) computing well before 2010, computational simulation of the ground mo-
tion in an entire region, with unprecedented accuracy in simulation of the built en-
vikl;i)nment and interpretation of data collected through sensors, will soon be pos-
sible.

In the post-earthquake environment, IT is providing a more efficient way of col-
lecting data, coordinating reconnaissance teams, monitoring reconnaissance, and
analyzing and distributing data. Information technology improves our ability to cap-
ture a wide range of observations and lessons after earthquakes. Data that would
otherwise have perished after earthquakes can now be collected, stored, and made
accessible via IT advances.

One of the most important earthquake engineering applications of IT involves the
utilization of large numbers of sensors and related large-scale data collection. Wide-
area wireless networking is a key technology to link sensors to modern communica-
tion networks. NEHRP-sponsored programs are already early adopters of this tech-
nology. After the Northridge earthquake, FEMA funded an upgrading of the south-
ern California seismic network with digital, broadband recording instruments that
report on measurements in virtual real time. The upgraded network, which is
known as TriNet, has proven its ability by rapidly locating the epicenters and deter-
mining the magnitudes of several significant earthquakes within minutes of their
occurrence. Maps showing the distribution and severity of ground shaking, known
as a “ShakeMaps,” were released swiftly and accessible through the Internet. This
application of IT is immensely useful to emergency management officials, and the
web sites showing contours of earthquake severity have become an integral part of
the decision-making process for allocating resources and organizing emergency re-
sponse. Extending these concepts, a city fully instrumented with networked sensors
could include tens of thousands of sensors providing the data needed for radically
improving the knowledge base of earthquake response; video or other imaging sys-
tems would be used in damage assessment, emergency response, and disaster recov-
ery.

Experience with TriNet was so successful that USGS used it as a framework for
developing ANSS. As discussed previously, ANSS will expand on the regional appli-
cation of advanced IT in southern California to provide nationwide coverage specifi-
cally targeted on urban areas, where much of our vital public works and critical in-
frastructure are located.

Another example of advanced IT development and application under NEHRP is
the support that NSF provides to deploy a large-scale permanent global positioning
system (GPS) geodetic array in southern California, known as the Southern Cali-
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fornia Integrated GPS Network (SCIGN). The array contains 250 stations. It uses
satellite measurement data to monitor small (sub-centimeter) movements between
stations, and thus determine the earth deformations that are a prelude to serious
earthquakes. Using the SCIGN data, scientists and engineers can learn how strains
build over time before their sudden release during an earthquake.

NSF with NEHRP support is driving a revolutionary application of IT through the
creation of NEES. As discussed previously, NEES is a new major research equip-
ment, computation, and networking initiative. The system architecture is based on
grid computing that enables coordinated, flexible, and secure resource sharing and
problem solving in real time among geographically dispersed facilities and users.
Through its IT innovations, NEES will provide a world-renown resource for earth-
quake engineers to conduct advanced experiments, collect data, collaborate in im-
proved simulations, and use all this information to improve design.

In summary, NEHRP to date has successfully harnessed IT. In many ways,
NEHRP is a model for introducing IT into the public arena, where it serves as a
catalyst for further public interest and incorporation in community activities. Be-
cause NEHRP involves several engineering and science-based agencies, it is able to
benefit from and capitalize on the cross-fertilization of ideas and technologies of di-
verse researchers and practitioners. This is a great strength of NEHRP, which has
contributed to cutting-edge development and application of IT to protect life and
property. This type of synergy needs support, and in return leverages investments
into technologies that not only reduce losses, but substantially enhance the
functionality and reliability of our nation’s infrastructure.

NEHRP Improvements and Policy Changes

As effective as NEHRP has been in supporting research and implementation of
great value to our country, it has been subject to some significant limitations that
need to be remedied if NEHRP is to achieve its full potential. The most significant
limitations affecting NEHRP are leadership and the eroding level of funding.

A new leadership model could be of great benefit for NEHRP. We recognize that
leadership is the joint responsibility of all NEHRP agencies, with FEMA taking a
lead role. We understand and support the fact that NEHRP was wisely split among
four separate agencies, which allows the expertise of each agency to contribute to
a significant national problem. We recognize and support the need for a lead agency
with the responsibility to coordinate and facilitate the program. Unfortunately, each
agency is within a different department of the executive branch, with its own Office
of Management and Budget (OMB) examiner and Congressional oversight com-
mittee. As a result, the coordination and cooperation among the agencies are hin-
dered, especially when it comes to the budgeting details. Previous reauthorizing leg-
islation has attempted to correct this problem by calling for strategic planning and
an interagency coordination committee. Although these adjustments in program ad-
ministration have had beneficial results, additional improvements are also needed.

We recommend that more be done to bring consistency and collaboration to
NEHRP. We believe that the program should have a visible place and designated
staff within each agency. We recommend that OMB assign one of the participating
examiners to coordinate the budgeting within the four agencies so that the funds
invested will be balanced and prioritized on a programmatic basis. We recommend
that the Congressional Oversight and the Appropriations Committee also take steps
to bring together the members who oversee each of the related agencies, so that
they too will watch the program in its entirety and promote balance. Finally, we
recommend that Congress ask the President to create an independent committee of
external experts responsible for oversight of NEHRP. This oversight committee
would report to Congress no less than biannually. We note that similar rec-
ommendations have been made by experts!1-12 previously convened to provide advice
for NEHRP. We believe that it is time to take up the implementation of this recur-
rent advice and make the improvements that will enhance NEHRP productivity.

NEHRP funding has fallen approximately 40 percent in real dollars since its in-
ception in 1978.6 Committees convened in the past to recommend NEHRP improve-
ments have consistently emphasized the serious erosion in capability and potential
that the steady decline in real dollars has incurred.’'.'2 The report of the Expert
Review Committee'® convened to guide FEMA in the development of the NEHRP
Five-Year Plan for 1989-1993, stressed the importance of increased funding and rec-
ommended more than a three-fold increase in the annual budget. Recognition of the

11 Expert Review Committee (1989) “Commentary and Recommendations of the Expert Review
Committee 1987,” FEMA-164, Federal Emergency Management Agency, Washington, DC, Jan.

12 Cheney, D.W. (1989), “The National Earthquake Hazards Reduction Program,” 89-473 SPR,
Congressional Research Service, The Library of Congress, Washington, DC, Aug.
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steady decline in fiscal support is echoed today in the EERI Research and Outreach
Plan, which recommends and provides justification for a similar increase in Con-
gressionally authorized funding. If NEHRP is to provide the seismic risk reduction
required by this country in a reasonable amount of time and achieve its potential
in developing advanced technologies to safeguard U.S. infrastructure, then increased
fiscal support for the program needs to be authorized by Congress. We strongly rec-
ommend that increases in funding consistent with those proposed in Securing Society
Against Catastrophic Earthquake Losses® and outlined above be authorized and ap-
propriated by Congress. To reduce the effects of inflation, the resulting funding lev-
els should be indexed to the Consumer Price Index, as many federal activities are,
thereby protecting earthquake mitigation support against the funding erosion that
has affected NEHRP since its inception.

FEMA Transfer to the Department of Homeland Security

FEMA is the designated lead agency for NEHRP. It is well qualified for this role.
Of all NEHRP agencies, it has the most direct responsibility and experience with
reducing losses from all natural disasters. It is focused on implementation, and has
long-term collaboration and working relationships with code development organiza-
tions, professional societies, and state, local, and private sector groups responsible
for reducing earthquake hazards.

The transfer of FEMA to the Department of Homeland Security (DHS) brings
about significant mission, administrative, and cultural changes for the agency, for
which it is too premature to make pronouncements and prognostications of effect or
outcome. It is not too premature, however, to voice honest and supportive concern
about such a transfer. For NEHRP to continue its mission in a productive manner
and realize its potential, it needs a strong and dedicated group within DHS to pro-
vide oversight for and to administer the program. This requires a clear identity
within DHS with designated staff and agency commitment to the program. NEHRP
must be visible, and must be maintained as a clearly identified line item in the Con-
gressional budget.

FEMA is a results-oriented agency with expertise in the implementation of re-
search findings. It has management responsibility in contrast to the research re-
sponsibilities of NSF, USGS, and NIST. Steps must be taken to work across the cul-
tural divide of management and research. We believe that an external expert over-
sight committee will help substantially to achieve this goal.

The transfer of FEMA to DHS provides substantial opportunities. DHS will have
responsibilities for research and implementation programs to support security of
U.S. home property and assets. Earthquake hazards are an integral part of this
package, and have important characteristics in common with the types of extreme
events that DHS has been created to control. Hence, the expertise of the earthquake
engineering community under NEHRP has both immediate and ongoing value to
DHS not only in seismic risk reduction, but in the protection of our communities
from a variety of hazards, related to natural, accidental, and pre-meditated causes.
As discussed under the next heading, the research and implementation created by
NEHRP have immense beneficial effects on U.S. technology and the reliability of its
civil infrastructure. Such outcomes leverage the value of NEHRP investments well
beyond their very positive influence in reducing earthquake losses.

NEHRP Effects on US Technology and Preparedness

Investments in earthquake engineering through NEHRP have resulted in tech-
nical advances that apply beyond earthquakes to other hazards, civil infrastructure,
applied information technology, and homeland security. A few of the many examples
include passive/active building control for wind hazards, advanced geographical in-
formation systems (GIS) for lifelines and civil infrastructure management, fiber-re-
inforced polymers for bridge/building repair and restoration, inspection protocol for
buildings applied after the World Trade Center (WTC) Disaster, seismic monitoring
of nuclear tests, and social science contributions to federal emergency response
plans, early warning systems, and community perception of risk.

One of the most dramatic examples of the application of earthquake engineering
to extreme events occurred immediately after the World Trade Center (WTC) Dis-
aster of September 11, 2001.13 This attack on our urban infrastructure was unprece-
dented and beyond planning scenarios for serious urban accidents in terms of scale
and intensity. Fortunately, procedures developed for earthquakes under FEMA

13 Federal Emergency Management Agency (2002), “World Trade Center Building Performance
Study,” FEMA-403, Federal Emergency Management Agency, Washington, DC, May.
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sponsorship!4 were available and rapidly deployed to investigate and identify the
condition of surrounding buildings. For years before the WTC Disaster, engineers
had been responding to earthquakes that caused damage at scales comparable to
and exceeding the destruction resulting from the terrorist attacks of September 11.
Through NEHRP support, they had developed the tools to deploy rapidly, examine,
and assess the condition of buildings in a simple, practical way that allows for deci-
sions about structural integrity. This process was of critical importance in the after-
math of the WTC Disaster, when determination of building integrity surrounding
the WTC complex was needed to protect lives and property, and to decide on re-
occupancy of buildings with critical telecommunications, financial banking, and se-
curities trading capabilities essential for the restoration of world business markets.
As a result of NEHRP, the inspection procedures to initiate WTC recovery were
available “off the shelf.” Although an unexpected and unintended outcome of
NEHRP, this example nonetheless illustrates the immense benefits that accrue from
our nation’s investment in earthquake protection.

In other cases, the influence of earthquake engineering investments are more sub-
tle, though still of substantial importance. For example, research and implementa-
tion of fiber-reinforced polymers (FRPs) for the seismic retrofitting of bridges and
overpasses after the 1989 Loma Prieta earthquake were a very important catalyst
in proving the technology and advancing its practical application under field condi-
tions. Now this technology is used routinely for repair and rehabilitation of build-
ings and bridges throughout the country to enhance normal functionality and extend
facility life. The use of FRPs is extending the useful life of bridges, obviating the
need to replace expensive infrastructure throughout the U.S. They also can improve
the blast resistance of many existing buildings.

Another example includes the development of active and passive control to
dampen or isolate building response from the effects of earthquake shaking. Active
control uses sensors feeding into electrically activated devices that countermand
seismic motion, whereas passive control involves the use of base isolators and resist-
ing members to substantially reduce transient movement within structures. Active
and passive control technology developed for earthquake effects has immediate ben-
efits for similar systems to offset the effects of natural hazards like wind and hurri-
canes. Active and passive control systems also have potential for reducing blast ef-
fects, thereby protecting critical facilities against terrorist attacks.

In 1996, the authors of FEMA 277, The Oklahoma City Bombing: Improving
Building Performance through Multi-Hazard Mitigation,'® suggested that the phys-
ical damage and extent of progressive collapse inflicted on the Alfred P. Murrah
Federal Building might well have been lessened if the original design had incor-
porated seismic detailing. Conceptually, this idea has taken root in the structural
engineering industry and is currently under study by various investigators. If vali-
dated, seismic engineering and design could make a very significant contribution to
the homeland security aspects of our built environment. Additional research in this
area is warranted.

One of the most successful loss estimation products is the software program,
HAZUS, developed through FEMA to estimate physical damage, casualties, and
other societal impacts from earthquakes. HAZUS is an excellent example of how
NEHRP-sponsored research converges in a single platform, readily transportable
through GIS and computer technology to communities throughout the U.S. HAZUS
embodies a multitude of algorithms and correlations originating from NSF- and
USGS-sponsored research into a program implemented by FEMA for national use.
The process and program architecture in HAZUS are adaptable to other natural
hazards, and are currently being applied to floods and hurricane wind. Hence,
NEHRP investments in this case have direct application for other natural hazards
because, in addition to earthquakes, HAZUS will become the platform for loss esti-
mation related to flood and hurricane wind.

NEHRP plans for the future involve a Lifelines Initiative that is required through
public law, whereby FEMA, in consultation with NIST, will develop a plan for de-
sign and construction standards for lifelines. Lifelines include transportation sys-
tems, water supplies, gas and liquid fuel networks, electric power, telecommuni-
cations, and waste disposal facilities. They are the distinguishing characteristic of
modern communities, and deliver the resources and services necessary for safety, se-
curity, and economic well-being.

14 Applied Technology Council (1989), “Procedures for Post-earthquake Safety Evaluation of
Buildings,” ATC-20, Applied Technology Council, San Francisco, CA.

15Federal Emergency Management Agency (1996), “The Oklahoma City Bombing: Improving
Building Performance through Multi-Hazard Mitigation,” FEMA-352, Federal Emergency Man-
agement Agency, Washington, D.C.
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NEHRP has been a hotbed for innovation and IT applications in lifeline systems.
Research sponsored by NSF, USGS, and NIST have resulted in sophisticated models
of lifeline network performance under various damages scenarios associated with
earthquakes. Much of this work has involved innovative use of GIS, probabilistic
hazard analyses, network reliability procedures, advanced remote sensing and char-
acterization of geotechnical hazards, strong motion simulation, and applications of
regional economic analyses and community recovery models. The overall outcome of
this activity is a rich and technically advanced framework for the simulation and
evaluation of complex infrastructure systems under extreme events.

I can attest personally to the importance of this branch of NEHRP activity by ref-
erence to NSF-sponsored research on the earthquake performance of the water sup-
ply system in San Francisco.16-17 Before the 1989 Loma Prieta earthquake, hydrau-
lic network and system reliability analyses of the Auxiliary Water Supply System
(used for fire protection) in San Francisco were preformed. They demonstrated that
the water distribution pipeline network in that city would be compromised in a se-
vere earthquake because of liquefaction-induced ground deformation and shaking ef-
fects. The City of San Francisco and the San Francisco Fire Department responded
to this research by successfully petitioning for a substantial bond issue to upgrade
and retrofit the Auxiliary Water Supply System. As part of the fire department re-
sponse, special vehicles, known as hose tenders, were commissioned to convey nearly
a mile of special hose to the waterfront and hook into the fireboat, which would
pump water through the hose and portable hydrants deployed inland to locations
of earthquake-generated fire. During the Loma Prieta earthquake liquefaction-in-
duced ground deformation, as predicted, ruptured critical water distribution pipe-
lines, leaving the Marina without pipeline water. The hose tenders were successfully
deployed to the Marina and extinguished the major fire that erupted there. Without
these benefits of research and implementation under NEHRP, it is likely that the
fire loss from this earthquake would have been substantial, costing orders of mag-
nitude more than the research that prevented it.

Water supply and other critical infrastructure, such as electric power, tele-
communications, and transportation systems, are vulnerable to a variety of hazards
related to natural, accidental, and pre-meditated causes. The research and imple-
mentation for lifelines under NEHRP have established an excellent baseline and
ready resource for simulating and protecting our vital infrastructure networks. It
is important that Congress consider the immense leverage from NEHRP for im-
provements and security of buildings, transportation systems, water supplies, gas
and liquid fuel networks, electric power, telecommunications, and waste disposal fa-
cilities. NEHRP provides an enormous return on investment that substantially re-
duces our nation’s vulnerability to earthquakes and improves the performance of its
civil infrastructure.

Summary

The earthquake risk to the United States is unacceptably high. We are facing in-
evitable earthquakes that will cost the Nation $100 to $200 billion each, with the
potential loss of thousands of lives. We believe that the growth of this risk can be
arrested and reduced to an acceptable level. This requires continuous research, ex-
panded seismic monitoring, and nationwide mitigation.

For the past 25 years, The National Earthquake Hazard Reduction Program
(NEHRP) has provided resources and leadership that have lead to significant ad-
vances in understanding the sources of earthquake risk and have provided useful
tools for arresting its growth. In spite of all the good work that has been done in
the regions of highest seismicity, our earthquake risk is still unacceptably high be-
cause of the lack of implementation of appropriate building standards and because
the cost of strengthening the existing built environment is too high. This trend will
not be reversed until earthquake risks are understood by communities in all 39 vul-
nerable states, existing mitigation procedures are used more extensively, and new
techniques are developed to better define and reduce earthquake risks.

First and foremost, we need Congress to maintain a strong and viable NEHRP.
It needs to continue under the current organizational structure and proceed along
the lines of the recently developed NEHRP Strategic Plan.® This plan outlines a

16 O’Rourke, T.D., Ed. (1992), “The Loma Prieta, California, Earthquake of October 17, 1989—
Marina District,” U.S. Geological Survey Professional Paper 1551-F, U.S. Government Printing
Office, Washington, DC.

170O’Rourke, T.D. and Pease, J.W. (1992), “Large Ground Deformations and Their Effects on
Lifeline Facilities: 1989 Loma Prieta Earthquake,” Case Studies of Liquefaction and Lifeline Per-
formance During Past Earthquakes, NCEER-92-0002, T.D. O’'Rourke and M. Hamada, Eds., Na-
tional Center for Earthquake Engineering Research, Buffalo, NY, April, pp. 5-1-5-85.
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course of action for the best use of existing funding and prioritizes opportunities for
accelerating the program as additional funding becomes available.

At current funding levels, we believe that it will take 100 plus years to secure
the Nation against unacceptable earthquake risks. Based on our recently published
research and outreach plan, Securing Society Against Catastrophic Earthquake
Losses,® we believe that implementing an expanded program, which includes ANSS
and NEES with triple the funding, will allow the needed results to be achieved
throughout U.S. communities within the next 20 to 30 years. We believe that 100
plus years is much too long to wait. A strong NEHRP that includes proactive imple-
mentation through leadership, incentives, requirements, and new public policy needs
to be maintained.

A new leadership model is needed to enhance consistency and collaboration in
NEHRP. The program should have a visible place and designated staff within each
NEHRP agency, including a strong and dedicated group in DHS. Congress should
create an independent oversight committee of external experts to provide guidance on
enhancing productivity and strategic orientation for NEHRP.

The Advanced National Seismic System (ANSS), authorized by Congress in 2000,
is intended to expand the current monitoring system and provide essential informa-
tion. Strong motion data are critical to making the next advance in understanding
how economically to arrest the growth of earthquake risk and reduce it to an accept-
able level. ANSS is the most critical new program proposed for NEHRP. Putting the
instrumentation in after the next earthquake will be too late.

The George E. Brown, Jr. Network for Earthquake Engineering Simulation
(NEES), established by NSF, will expand the state of knowledge in earthquake engi-
neering through new methods for experimental and computational simulation. Cur-
rently many new experimental research sites are established around the country,
and a system to link them into a sophisticated testing and simulation complex is
being developed. Unfortunately, funds to carry out the research that will make use
of this new equipment and simulation technology are not available at the needed
levels. Knowledge developed through experiments and simulation methodologies
provide the essential scientific knowledge base for improving codes and guidelines.
Social science and education research will complement this by helping to understand
and communicate better the implications and choices that must be made. An imme-
diate investment in NEES is needed to reduce the cost of seismic design and
strengthening to affordable levels and stimulate significant mitigation activities.
NEES will also advance the use of IT nationwide, set new standards for the syn-
chronous use of geographically distributed experimental facilities, and be a signifi-
cant boost for our education system.

We recommend, above all else, that NEHRP be reauthorized with increases in the
spending levels for each agency consistent with the NEHRP Strategic Plan® and the
EERI Research and Outreach Plan. Funding for the EERI Plan,® Securing Society
Against Catastrophic Earthquake Losses, will require $358 million per year for the
first five years, with a yearly average of $330 million over the 20-year program.

Finally, it is important to recognize the immense leverage from NEHRP for im-
provements in the reliability and security of buildings, transportation systems,
water supplies, gas and liquid fuel networks, electric power, telecommunications,
and waste disposal facilities. NEHRP provides an enormous return on investment
that substantially reduces our nation’s vulnerability to earthquakes and, at the
same time, improves the performance of its civil infrastructure for both normal oper-
ation and extreme events.
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Chairman SMITH. Thank you, Dr. O'Rourke. Dr. Reaveley.

STATEMENT OF DR. LAWRENCE D. REAVELEY, PROFESSOR
AND CHAIR, DEPARTMENT OF CIVIL AND ENVIRONMENTAL
ENGINEERING, UNIVERSITY OF UTAH

Dr. REAVELEY. Chairman Smith and Members of the Sub-
committee, it is with great respect that I speak to you today.

The National Earthquake Hazards Reduction Program is a pro-
gram that I know well and which I have a significant experience.
It is my deeply held belief that the NEHRP program is primarily
responsible for most of the major advances in structural engineer-
ing that have been achieved during the last 25 years.

Research interest in blast loaded structures began to wane in the
early 1970’s while the 1971 San Fernando Valley earthquake
sparked interest in seismic design to the poor performance of many
structures. Without the knowledge gained from the NEHRP pro-
gram, it would have not been possible to understand nearly as well
the behavior of buildings that were recently damaged by terrorist
activities. The best example of this technology transfer is that the
modeling parameters that are contained in FEMA 356,
“Prestandard and Commentary for the Seismic Rehabilitation of
Buildings.” This document contains guidance for assessing the be-
havior of structural components of all building types when required
to resist the effects of various loading. These loading may range
from service conditions to extreme loading. The methodology em-
bodied in FEMA 356 will undoubtedly be the technical basis of fu-
ture performance-based design codes, which, I believe, will address
the major technical and social economic issues that are important
in the earthquake study.

There also have been great advances in understanding the na-
ture of ground motion associated with earthquakes. In the—in Salt
Lake City, it was virtually impossible to gain the professional and
public support for the seismic design of buildings until Lloyd Cluff
and others established, through trenching studies, that the
Wasatch Fault was still an active fault-producing system. These
studies were completed in the mid-1970’s and provided the nec-
essary proof that a major earthquake would happen in the future.
These were important benchmark studies. Out of this type of study
has grown a body of knowledge that allowed for the development
of new maps for the determination of how much ground shaking
one might expect from an earthquake anywhere in the United
States of America. These maps are now used in current building
codes. The value of these maps is that they are based upon current
scientific knowledge and will easily—be easily updated as new
knowledge is acquired. The old seismic code maps were somewhat
subjective in nature and were sometimes influenced by political
pressure. This more—this most important advancement was made
possible through NEHRP funding.

NEHRP funding for the FEMA “yellow book” series of publica-
tions that deal with structural engineering guidelines and stand-
ards has been critical for the process of technology transfer to the
design professional community. The typical structural engineer
would be completely lost without them. In fact, the process of cre-
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ating these documents has clearly identified the research needs in
the overall field of structural engineering.

We have much more to learn about where and how the ground
will shake. How buildings and other structures respond to ground
motion is still at a rudimentary stage of prediction. Soil structure
interaction is not very well understood, and it is critical, because
we can not close the gap between the ground shaking and the
structure model without this information. This information will
allow the country to be more efficient in the allocation of resources.
We will have a greater knowledge as to where and with what fre-
quency the ground will shake. We have the ability to better allocate
construction dollars within a particular structure to achieve a de-
sired outcome following an earthquake. We will be in a better posi-
tion to understand which buildings might be economically rehabili-
tated to resist the effects of ground motion.

The fact that there is such a limited few dollars in the NEHRP
budget is simply not justified from a basic economic point of view,
in my opinion. The expenditure of previous funds has helped mini-
mize the losses in the most recent domestic earthquakes. Every
dollar spent on creating an earthquake-resistant structure also cre-
ates a more blast-resistant structure, or one that might be resist-
ant to high winds. I personally had a building that I designed for
earthquake that was hit by a—the only tornado we know about in
Salt Lake. It was hit broadside, a 14-story building. It didn’t twitch
a bit. A full tornado hit it. Progressive collapse is also minimized.
If dollars are limited, which I hope they are not, my opinion is that
the following tasks, in order of priority, should be emphasized, but
all of the programs should be kept alive, because they are impor-
tant.

One, strong motion networks in regions of high-probable ground
shake, ground—strong ground motion are essential to our progress.
Free field data and data from instrumented buildings are abso-
lutely necessary for the advancement of our abilities to understand
the behavior of structures. Lack of this type of data and the almost
negligible amount of funding to study such data is a major road-
block in advancing our understanding of the physics of the earth-
quake problem.

I brought with me copies of the report titled, “The Plan to Co-
ordinate  NEHRP Post-earthquake Investigations.” The major
NEHRP agencies cooperated in the production of this report. This
report summarizes most of the issues with respect to the topic.

Two, Performance Based Engineering is an all-encompassing con-
cept, and it should be a structure upon which all of the various ele-
ments of the program are fit together to achieve the goals and ob-
jectives of NEHRP. It must be funded.

Three, this crosses the line between governmental agencies, as
Mr. Hanson spoke. I personally believe that the most overlooked
factor in improving the overall performance of buildings is the lack
of qualified personnel at the local government level. Plan review
and inspections are critical and are not being done, even in areas
of high seismic risk. Perhaps some sort of incentives could be fash-
ioned. Since the direct losses from a major earthquake in an urban
environment can be in the tens of billions or to the hundreds of bil-
lions, it seems that we are being foolish in not realizing the overall
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benefit of a better funded program. The United States has never,
in modern times, experienced the impacts of what will occur if a
real big one does strike in a major urban center. I believe that eco-
nomic consequences of a major earthquake and their effects on the
surviving population should drive NEHRP and be the defining pa-
rameters in setting priorities. Unless there is a significant increase
in funding, it will not be possible to create a program that can
meet the objectives associated with the visions set forth by Con-
gress.

Now this turns out to be a common theme, which was not orches-
trated and independently written by all of the panelists. There is
a need to empower a central authority to coordinate the activities
of the various agencies that expend NEHRP funds. This authority
should be charged with achieving the goals and objectives set forth
by Congress. There should be established a review mechanism
drawing on experts with leadership and technical experience to as-
sist in identifying and prioritizing program initiatives.

Thank you.

[The prepared statement of Dr. Reaveley follows:]

PREPARED STATEMENT OF LAWRENCE D. REAVELEY

Chairman Boehlert, and Members of the Subcommittee, it is with great respect
that I speak before you today. The National Earthquake Hazards Reduction Pro-
gram (NEHRP) is a program that I know well and with which I have significant
experience.

Introduction

The art and science of structural engineering is constantly evolving as we gain
knowledge about the performance of buildings and other structures when subjected
to extreme loads. Extreme loads may come from natural phenomenon, such as wind
or earthquake ground motion. Other conditions that lead to extreme loading can
come from accidental or purposely induced explosive forces. Although there are some
differences in the specifics of extreme loadings caused by these individual sources,
the basic effect is to cause the structural elements to deform excessively and subse-
quently be permanently damaged or to collapse. The primary goal of a structural
engineer is to make the capacity of a structure greater than the demand placed
upon it by the various loads that it is anticipated to experience. The capacity is de-
termined by the size, shape, materials, and details utilized in the construction of
restructure. Different details might be utilized for different loading conditions, but
in general, a structure that is designed for one extreme loading condition has most
of the desired attributes that are required for others.

It has been primarily through examining or observing components of structures
that have experienced extreme loads that we have advanced the technology of struc-
tural engineering. In the laboratory we are able to make precise measurements
while the loading is applied. This provides the needed information for developing
analytical models that allow for predicting the performance of other structures that
may experience similar loads. We need more specific information of this nature. An
efficient way of gaining good information is to instrument buildings that are likely
to experience an extreme load. Over time, we will be able to gather needed informa-
tion to develop improved computer models that will produce relatively accurate pre-
dictions for structural response and performance. This last step requires much more
empirical data than currently exists.

Comments

Now, it should be asked what has this preamble to do with this hearing titled,
“The Past, Present, and Future” (NEHRP).

It is my deeply held belief that the NEHRP program is primarily responsible for
most of the major advances in structural engineering that have been achieved dur-
ing the last 25 years. Research interest in blast loaded structures began to wane
in the early 1970’s, while the 1971 San Fernando Valley earthquake sparked inter-
est in seismic design due to the poor performance of many structures. Without the
knowledge gained from the NEHRP program, it would not have been possible to un-
derstand nearly as well the behavior of the buildings that were recently damaged
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by terrorist activities. The best example of this is the modeling parameters that are
contained in FEMA 356, “Pre-standard and Commentary for the Seismic Rehabilita-
tion of Buildings.” This document contains guidance for assessing the behavior of
structural components of all building types when required to resist the effects of
various loadings. These loadings may range from service conditions to extreme load-
ings. While developed for existing buildings, it provides guidance that may be used
for the design and construction of new facilities. FEMA 356 summarizes the state
of the art knowledge as of the late 1990’s. It was written to be able to adapt to the
increasing knowledge gained from testing and post disaster studies. It is recognized
that there are many specific areas about which we have insufficient knowledge. The
methodology embodied in FEMA 356 will undoubtedly be the basis of future per-
formance-based design codes.

There also have been great advances in understanding the nature of ground mo-
tions associated with earthquakes. In Salt Lake City, it was virtually impossible to
gain the professional and public support for the seismic design of buildings until
Lloyd Cluff and others established, through trenching studies, that the Wasatch
Fault was still an active earthquake producing fault system. These studies (USGS)
were completed in the mid 1970’s and provided the necessary proof that a major
earthquake would happen in the future at some point in time. These were important
benchmark studies. Out of this type of study, has grown a body of knowledge that
allowed for the development of new maps for the determination of how much ground
shaking one might expect from an earthquake anywhere in the United States of
America. These maps are now used in the current building codes. The value of these
maps is that they are based upon current scientific knowledge and will be easily
updated as new knowledge is acquired. The old seismic code maps were somewhat
subjective in nature and were sometimes influenced by political pressure. This most
important advancement was made possible through NEHRP funding.

NEHRP funding for the FEMA “yellow book” series of publications that deal with
structural engineering guidelines and standards has been critical for the process of
technology transfer to the design professional community. The typical structural en-
gineer would be completely lost without them. In fact, the process of creating these
documents has clearly identified the research needs in the overall field of structural
engineering.

There have been tremendous advancements during the past 25 years that have
allowed for the development of a rational base upon which to build. Current code
requirements are more firmly founded on scientific principles and are certainly more
rational than previous generations of building code requirements. But, they are defi-
cient with respect to what they might be if further development work is funded. We
have much more to learn about where and how the ground will shake. How build-
ings and other structures respond to ground motion is still at a rudimentary stage
of prediction. Soil-structure interaction is not very well understood.

Better information will allow the country to be more efficient in the allocation of
resources. We will have greater knowledge as to where, and with what frequency,
the ground will shake. We will have the ability to better allocate construction dol-
lars within a particular structure to achieve a desired outcome following an earth-
quake. We will be in a position to better understand which buildings might be eco-
nomically rehabilitated to resist the effects of ground motion. The economics of
structural rehabilitation is an emerging area of study that needs much work. Reha-
bilitation is a serious concern in that it can be very costly, but with improved knowl-
edge of design and construction methods it can produce buildings that are safe and
that can meet various performance expectations. There are some buildings that can
be rehabilitated with simple and relatively inexpensive techniques. There are others
that are simply too costly to improve. We are beginning to understand this process
better, but there is much to learn in this area. New materials and energy dissipa-
tion devices are making a difference in being able to economically rehabilitate struc-
tures.

It is too costly to replace all of the inadequate structures that are vulnerable to
ground shaking or to other extreme loads, so it is imperative that we learn how to
economically improve those structures that are a threat to life, those that are crit-
ical to the economic vitality of the country, and those that are critical to the func-
tioning of our cities.

A Relevant New Report

A very important new report has just been produced in partnership with NIST
by the Applied Technology Council (ATC). The ATC document number is 57, and
it is titled “The Missing Piece: Improving Seismic Design and Construction Prac-
tices.” This document deals with the subjects of this hearing and was produced by
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some of the leading professionals associated with the NEHRP activities. A portion
of the preface to this document is as follows:

PREFACE

In 2001, the Applied Technology Council (ATC) commenced a broadly based effort
to define a problem-focused knowledge development, synthesis and transfer program
to improve seismic design and construction practices. Input was sought from seismic
design and construction industry leaders, and a Workshop was convened in the sum-
mer of 2002 to develop the program. THE MISSING PIECE: IMPROVING SEISMIC DE-
SIGN AND CONSTRUCTION PRACTICES is the result of an industrial collaboration. It
provides a framework for creating a knowledge bridge and allows the Nation to
more fully realize its NEHRP investment in practical terms—safer buildings.

THE MISSING PIECE: IMPROVING SEISMIC DESIGN AND CONSTRUCTION PRACTICES
had its genesis in the strategic planning process for the National Earthquake Haz-
ards Reduction Program (NEHRP), which was undertaken by the Federal Emer-
gency Management Agency (FEMA) from 1998 to 2001. In the course of that stra-
tegic planning process, representatives from the design and construction industry
determined and documented, as one of their major findings, that a technology trans-
fer gap has emerged within NEHRP, and that it limits the adaptation of basic re-
search knowledge into practice. To resolve this problem, industry participants rec-
ommended that NEHRP agencies develop a much-expanded, problem-focused knowl-
edge development, synthesis and transfer program that will:

1. Develop standards and guidelines that incorporate the best knowledge avail-
able in a practical way.

2. Facilitate the development of new mitigation technologies.

3. Improve the productivity of the engineering and construction industries.

Included in this report are:

o A definition of what needs to be done;

e Background information on the impetus for THE MISSING PIECE: IMPROVING
SEISMIC DESIGN AND CONSTRUCTION PRACTICES program, on how technology
transfer works, and a history of the decline in engineering and construction
productivity in the United States; and

o THE MISSING PIECE program plan.

THE MISSING PIECE: IMPROVING SEISMIC DESIGN AND CONSTRUCTION PRACTICES
program emphasizes two subject areas, with a total of five Program Elements pro-
posed:

e Systematic support of the seismic code development process.

Program Element 1 Provide technical support for the seismic practice and code
development process.

Program Element 2 Develop the technical basis for performance-based seismic
engineering by supporting problem-focused, user-directed
research and development.

e Improve seismic design and construction productivity.

Program Element 3 Support the development of technical resources (e.g., guide-
lines and manuals) to improve seismic engineering prac-
tice.

Program Element 4 Make evaluated technology available to practicing profes-
sionals in the design and construction communities.

Program Element 5 Develop tools to enhance the productivity, economy and ef-
fectiveness of the earthquake resistant design and con-
struction process.

The full body of the report (ATC 57) is provided in Appendix A. The goals and
objectives set forth in program elements one through five captures the vision of
NEHRP.

Specific responses to the questions contained in the invitation to testify at
the hearing are provided as follows:

e Discuss how research in structural engineering has improved our ability to
protect lives and property from earthquake hazards? How has the focus of
NEHRP structural engineering research evolved since the inception of
NEHRP?
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There have been great strides made in our ability to design and construct facili-
ties that are earthquake resistant to earthquake ground motion. The developments
over the last twenty-five years are remarkable, and can be traced to the NEHRP
program. The advent of computer technology has greatly facilitated this advance-
ment.

Structural engineering research has evolved from dealing with assumed static lin-
ear behavior to realistically confronting the problem of non-linear time dependent
behavior. This requires component testing that considers structural dynamics and
the full range of large displacement behavior. Computers are critical but they will
not eliminate the need for the physical testing of structural components. There is
a notion of that computer models can replace the need for actual physical testing,
but this is not true at this time. Physical testing is necessary for the calibration
and development of new simulation models.

The advent of the concept of performance-based design is a product of trying to
develop standards for the seismic rehabilitation of existing buildings.

o How would you prioritize limited federal funds among specific NEHRP re-
search and mitigation activities (earthquake monitoring, hazard assessment,
performance-based engineering, lifeline reinforcement, seismic rehabilitation,
code development and adoption, education and outreach, post-earthquake re-
sponse and investigation, etc.)?

The fact that there is such a limited few dollars in the NEHRP budget its simply
not justified from a basic economic point of view. The expenditure of previous funds
has helped minimize the losses in the most recent domestic earthquakes. Every dol-
lar spent on creating an earthquake resistant structure also creates a more blast
resistant structure. Progressive collapse is minimized. If dollars are limited my
opinion is that the following tasks in order of priority should be emphasized, but
all of the programs should be kept active because they are important:

1. Strong-motion networks in regions of highly probable strong ground motion
are essential to our progress. Free field data, and data from instrumented
buildings are absolutely necessary for the advancement of our abilities to un-
derstand the behavior of structures. Lack of this type of data, and the almost
negligible amount of funding to study such data as has been recorded, is the
major roadblock in advancing our understanding of the physics of the earth-
quake problem. Significant expenditures are required to install and maintain
the networks, and for providing a Major Contingency Fund for post-earth-
quake detailed analysis of individual buildings. Also, complete damage sur-
veys in and around areas of intense ground shaking are greatly needed. Only
then will we be able to calibrate our models of structural vulnerability. Cur-
rent damage prediction models are based on opinion, not statistically viable
data. Our understanding of soil/structure interaction is very primitive. We
need data from instrumented buildings to be able to predict what the actual
loading from earthquake ground motions will be. We have crude models that
are currently being used (see Appendix B).

2. Performance Based Engineering (PBE) is an all-encompassing concept. To be
able to implement the vision of mitigating the effects of a major earthquake
in this country, it will take a major coordinated effort. PBE should be a
structure upon which all the various elements of the program are fit together
to achieve the goals and objectives of NEHRP. It must be funded.

3. I personally believe that the most overlooked factor in improving the overall
performance of buildings is the lack of qualified personnel at the local gov-
ernment level. In most locations outside of California, there are few qualified
building officials to address the seismic plan checking issue. In most jurisdic-
tions, plan-checking fees are considered general revenue, and are not utilized
to insure compliance with the building codes. Code development and adop-
tion mean very little if the codes are not enforced. It is a sensitive issue for
the Federal Government to deal with, but it is imperative that this issue be
addressed. Perhaps some sort of incentive program can be devised.

o What are the major impediments to improving the overall seismic performance
of buildings, both new and existing? Is the pace and extensiveness of code de-
velopment and adoption improving? Is there anything the Federal Government
can do to facilitate increased adoption of seismic codes in areas of high seismic
risk? Is seismic rehabilitation an economical use of earthquake mitigation
funds?

The major impediment to improving the performance of buildings lies in the lack
of code enforcement at the local level. This was stated previously. The other major
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impediment is the lack of financial incentive to create a seismically resistant struc-
ture. Developers expect to sell a new building prior to the next earthquake, and the
existing stock of vulnerable buildings cost considerably more to improve than what
it takes to correctly build a new building.

The pace and format of code development has improved. FEMA has greatly influ-
enced positive major changes in this area. The pace is adequate, but funding for
code development and maintenance is critical. The process is just too demanding to
be effectively done by volunteer efforts.

Seismic rehabilitation is very effective in certain situations. There are certain sit-
uations where the consequence of failure is unacceptable. Generally, it can be cost
effective if accomplished within a window of opportunity that is provided as part of
a remodel program that deals with an updating of architectural finishes. Federal
funds might be used to provide incentives, but they cannot possibly fund the total
cost of improving privately owned buildings.

o What factors have limited the success of NEHRP, and what policy changes
would you recommend to remove these limitations? How can the NEHRP par-
ticipating agencies improve planning, coordination, and general administra-
tion of NEHRP to better meet the vision for the program set forth by Congress?

The most obvious factor that has limited the success of NEHRP has been insuffi-
cient funding. There is a huge amount of beneficial research that could be accom-
plished over time if a continuous flow of sufficient funds were made available. These
research projects exist across the range of NEHRP activities.

The most difficult task for the NEHRP program officers is setting the program
priorities when there are limited funds available for competing worthy program ele-
ments. Since the direct losses from a major earthquake in an urban environment
can in the tens of billions of dollars, it seems that we are being foolish in not real-
izing the overall benefit of a better-funded program. The United States has never
experienced the impacts of what will occur if a “real big one” does strike a major
urban center. It seems that the element of decision-making that is missing has to
do with the economic realities of such an event. I have come to believe that major
loss of life is not the defining issue. I believe that the economic consequences of a
major earthquake, and their effects on the surviving population should drive NEHRP
and be the defining parameters in setting priorities. Unless there is a significant in-
crease in funding, it will not be possible to create a program that can meet the ob-
jectives associated with the vision set forth by Congress.

There is a need to empower a central authority to coordinate the activities of the
various agencies that expend NEHRP funds. All agencies are producing valuable
contributions, but an effective program requires an oversight authority to integrate
the various activities. This authority should be charged with achieving the goals and
objectives set forth by Congress. There should be established a review mechanism,
drawing on experts with leadership and technical experience, to assist in identifying
and prioritizing program initiatives.

Closing

It is my view that the USGS, NIST, NSF, and FEMA all have strong roles to play
in achieving the NEHRP objectives, but there needs to be a strong central coordi-
nating authority to manage the program. Each agency cannot operate independ-
ently. Performance-based engineering should be the structure upon which the var-
ious elements of the program are fit together to achieve the goals and objectives of
NEHRP. The NEHRP program is critical to our nations future. It has been under-
funded and needs to be renewed. The Nation’s economic health may depend upon
the successes of this program. Every structural advancement made in this program
will be applicable to other hazards, be they manmade or otherwise.
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Appendix A
PREFACE

In 2001, the Applied Technology Council (ATC) commenced a broadly based effort to define a
problem-focused knowledge development, synthesis and transfer program to improve seismic
design and construction practices. Input was sought from seismic design and construction
industry leaders, and a Workshop was convened in the summer of 2002 to develop the program.
THE MISSING PIECE: IMPROVING SEISMIC DESIGN AND CONSTRUCTION PRACTICES is the result
of an industrial collaboration. It provides a framework for creating a knowledge bridge and
allows the nation to more fully realize its NEHRP investment in practical terms——safer buildings.

THE MISSING PIECE: IMPROVING SEISMIC DESIGN AND CONSTRUCTION PRACTICES had its
genesis in the strategic planning process for the National Earthquake Hazards Reduction Program
(NEHRP), which was undertaken by the Federal Emergency Management Agency (FEMA) from
1998 to 2001. In the course of that strategic planning process, representatives from the design and
construction industry determined and documented, as one of their major findings, that a
technology transfer gap has emerged within NERHP, and that it limits the adaptation of basic
research knowledge into practice. To resolve this problem, industry participants recommended
that NEHRP agencies develop a much-expanded, problem-focused knowledge development,
synthesis and transfer program that will:

1. Develop standards and guidelines that incorporate the best knowledge available in a
practical way.

2. Facilitate the development of new mitigation technologies.

3. Improve the productivity of the engineering and construction industries.
Included in this report are:

= A definition of what needs to be done;

= Background information on the impetus for THE MISSING PIECE: IMPROVING SEISMIC
DESIGN AND CONSTRUCTION PRACTICES program, on how technology transfer works,
and a history of the decline in engineering and construction productivity in the United
States; and

»  THE MISSING PIECE program plan

THE MISSING PIECE: IMPROVING SEISMIC DESIGN AND CONSTRUCTION PRACTICES program
emphasizes two subject areas, with a total of five Program Elements proposed:

= Systematic support of the seismic code development process.

Program Element 1 Provide technical support for the seismic practice and code
development process.

Program Element 2 Develop the technical basis for performance-based seismic
engineering by supporting problem-focused, user-directed
research and development.

= Improve seismic design and construction productivity.

Program Element 3 Support the development of technical resources (e.g., guidelines
and manuals) to improve seismic engineering practice.

Program Element 4 Make evaluated technology available to practicing professionals
in the design and construction communities.
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Program Element 5 Develop tools to enhance the productivity, economy and
effectiveness of the earthquake resistant design and construction
process.

Also included in this report are six issue papers commissioned to develop the basis for the
proposed program, along with a list of project participants and other supplementary information,

ATC gratefully acknowledges the broad range of industry representatives who participated in the
process. Charles C. Thiel Jr. served as the report editor and is the principal architect of the report.
The project Steering Committee consisted of James E. Beavers, Lloyd Cluff, James M. Delahay,
Robert D. Hanson, James Harris, Richard E. Neal, Christopher Rojahn, Paul Somerville, Charles
C. Thiel, Jr., and Charles H. Thornton. The issue paper authors consisted of Edwin T. Dean,
Ronald T. Eguchi, Ronald O. Hamburger, Roberto Leon and selected Steering Committee
members. Workshop participants consisted of the above named individuals as well as Daniel
Abrams, Gerald Brady, Joe Brewer, James Cagley, Alan Carr, Gene Corley, Ian Friedland, John
Gillengerten, Melvyn Green, Gayle Johnson, H. S. Lew, Lee Marsh, Ed Matsuda, Peter
McDonough, Bernadette Mosby, Chris Poland, Maurice Power, Woody Savage, Charles
Scawthorn, Tom Schlafly, Paul Senseny, Daniel Shapiro, Shyam Sunder, Susan Tubbesing, and
Ray Zelinski. Gail H. Shea served as Production Editor and Michelle Schwartzbach served as the
Report Production Specialist.

ATC gratefully acknowledges the financial support provided by the project participants (in the
form of donated services) and partial financial support provided by the National Institute of
Standards and Technology.

Christopher Rojahn
ATC Executive Director
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1 THE MISSING PIECE: IMPROVING SEISMIC DESIGN AND CONSTRUCTION PRACTICES

‘When the National Earthquake Hazards Reduction Program (NEHRP) was established in 1976,
our knowledge of when and where earthquakes occurred and how to engineer structures to
provide a life-safe environment was limited. It was limited by our scientific understanding of
earthquake physics and hazards, the nature of earthquake forces on structures, and of how
engineering materials and systems respond. Twenty-five years later, the base of earth sciences
and engineering knowledge has been expanded significantly through NEHRP efforts. In the
summer of 2002, thirty-seven national leaders in earthquake engineering design, practice,
regulation, and construction fields met to assess the state of knowledge and practice. Their
assessment was guarded as to whether full advantage was being made of this increased
knowledge. The consensus of these recognized leaders was that the gap between engineering and
scientific knowledge and its practical application (for design and construction of economical,
earthquake-safe structures) has dramatically widened because so much more is now known, As a
result, the amount known and developed during the last 25 years of NEHRP exceeds the
knowledge put into practice. While there have been notable successes, e.g., the FEMA-sponsored
SAC' effort to develop guidelines for the seismic design, evaluation, upgrade, and repair of
welded steel moment frame buildings, such achievements have been sporadic and generally
narrowly focused. The informational link between theory, research results, and practice is weaker
than it should be. THE MISSING PIECE: IMPROVING SEISMIC DESIGN AND CONSTRUCTION
PRACTICES proposes to correct this weak link in the chain and thereby improve seismic safety.

The engineering professions recognize this weakness and seek its correction. THE MISSING PIECE
program is intended to be a giant step towards (1) achieving a safer and acceptably functional
earthquake structural environment through bringing the latest technical research and results to
practicing engineers and (2) improving the productivity of the seismic design and construction
community. The goal is to realize—in real life and in real buildings—the potential of the
significant investment the nation has made in the past 25 years. We are at the juncture where the
knowledge base has been sufficiently expanded that we can now reap the rewards in improved
practice—achieve better earthquake safety, adequate post-earthquake functioning, and more
economy in construction. THE MISSING PIECE: IMPROVING SEISMIC DESIGN AND CONSTRUCTION
PRACTICES establishes a framework through which the practicing engineering professions can
form a permanent link with the information and research resources of the federal government and
universities and colleges, so that what is known can be put into practice.

1.1 ‘WHAT IS TO BE DONE

The goal of THE MISSING PIECE: IMPROVING SEISMIC DESIGN AND CONSTRUCTION PRACTICES is
development of more efficient, effective, and technically reliable practice for earthquake engineering
design and construction. Two subject areas with a total of five Program Elements are proposed:

v Systematic support of the seismic code development process.

Program Element 1 Provide technical support for the seismic practice and code
development process.
Program Element 2 Develop the technical basis for performance-based seismic

engineering by supporting problem-focused, user-directed
research and development.

! SAC is a joint venture partnership of the Structural Engineers Association of California, the Applied
Technology Council, and Coalition of Universities for Research in Earthquake Engineering
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= Improve seismic design and construction productivity.

Program Element 3 Support the development of technical resources (e.g., guidelines
and manuals) to improve seismic engineering practice.

Program Element 4 Make evaluated technology available to practicing professionals
in the design and construction communities.

Program Element 5 Develop tools to enhance the productivity, economy and
effectiveness of the earthquake resistant design and construction
process.

The purpose of THE MISSING PIECE: IMPROVING SEISMIC DESIGN AND CONSTRUCTION
PRACTICES is simply to make the above Program Elements full partners in the NEHRP program
and provide a framework to bridge the research-practice gap so that the earthquake safety goals
set by NEHRP legislation can be achieved.

The actions recommended in THE MISSING PIECE: IMPROVING SEISMIC DESIGN AND
CONSTRUCTION PRACTICES are necessary if the National Earthquake Hazards Reduction Program
is to be as successful in reducing the national vulnerability to earthquake-caused death and
destruction as it could be. This is the last major element of the NERHP program needed to
respond to the lofty goals set by Congress in 1976. Without THE MISSING PIECE effort, it will take
too long to achieve the results we need—that is, improved seismic design and construction
practices.

IT IS TIME TO ACT!

2 BACKGROUND

2.1 NEHRP AND THE NATIONAL EARTHQUAKE RISK

At the center of the National Earthquake Hazards Program (NEHRP) is the Congressional Goal to
reduce the lives lost in earthquakes and their impact on the U.S. economy. Earthquakes represent
an enormous threat to the nation (Figure 1). Significant earthquakes have occurrzd since the
nation’s founding in every area of the United States—Northeast, Southeast, Southwest, Midwest,
Mountain, Northwest, Alaska—and the Caribbean, and Pacific Islands. When these faults slip
again, and they will with certainty someday, death and destruction will be all the greater in this
era of significantly greater population and increased building density and value. Not only will
more lives and structures be lost, but, depending on the location of the earthquake, entire regions
and the whole nation could be affected economically. To differing degrees, portions of most
regions of the United States face the risk of a catastrophic earthquake and the entire country bears
the economic burden when one occurs. THE MISSING PIECE: IMPROVING SEISMIC DESIGN AND
CONSTRUCTION PRACTICES secks to enhance the likelihood that those damages are mitigated.

Although damaging earthquakes occur infrequently at any location, their consequences can be
staggering. As recent earthquakes around the world have demonstrated, high population densities
and development pressures, particularly in urban areas, are increasing the exposure and
vulnerability of people, buildings, and the economy. Unacceptably high life loss and enormous
economic consequences are associated with recent global earthquakes (1999 Koaceli Turkey,
1999 Chi Chi Taiwan, and 2001 Bhuj India earthquakes caused 17,000, 2,400 and 20,000 deaths
respectively and economic losses of $5, $14 and $6 billion). It is only a matter of time before the
United States faces a similar experience with economic losses significantly larger than we have
ever experienced. The 1989 Loma Prieta and 1994 Northridge, California earthquakes are
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harbingers of much greater U.S. earthquake-caused catastrophes yet to happen. Imagine what the
results would be if one of these earthquakes was centered under a major population center instead
of in an outlying area, as was the case for both of these events.
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Figure 1. Seismicity of the conterminous United States (source: USGS).

Earthquakes cannot be prevented, but their impacts can be managed to a large degree so that loss
to life and property can be reduced. To this end, NEHRP seeks to mitigate earthquake losses in
the United States through both basic and directed research and implementation activities in the
fields of earthquake science and engineering. NEHRP is authorized and funded by Congress and
is managed as a collaborative effort among the Federal Emergency Management Agency
(FEMA), the National Institute of Standards and Technology (NIST), the National Science
Foundation (NSF), and the United States Geological Survey (USGS). These four Federal
organizations work in close coordination to improve the Nation’s understanding of earthquake
hazards and to mitigate earthquake effects. The programs of the USGS in monitoring
carthquakes, assessing seismic hazards, and basic earth science research, NSF in advancing
fundamental knowledge in earthquake engineering, earth sciences processes, and societal
preparedness and response, NIST in evaluating advanced technologies and developing
measurement and prediction tools, and FEMA’s efforts with states, local goverrments, and the
private sector to develop tools and improve hazard mitigation policies and practices—all will
achieve greater effectiveness, earthquake safety, and reduce losses when put to “heir fullest use
and application in the engineering design office.
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These programs have been ongoing for over 25 years and have budgetary levels of approximately
$100 million per year, but the weak link has always been putting this storehouse of information
out to practitioners, where it will ultimately do the most good. This deficiency is widely
recognized by the design community and others, including those involved in the most recent
NEHRP Strategic Planning process, which was conducted from 1998-2001 unde: the leadership
of FEMA. Among the major findings of that strategic planning effort, currently in draft stage, are
that (1) a technology transfer gap has emerged that limits the adaptation of basic research
knowledge into practice, and (2) this gap is expected to widen as NEHRP embarks on the
development of a new generation of performance-based seismic design provisions and guidelines
for buildings and lifeline systems, including bridges, ports, airports, and utility lifeline systems
for the distribution of power and water. THE MISSING PIECE: IMPROVING SEISMIC DESIGN AND
CONSTRUCTION PRACTICES will change all that. It will provide a permanent framework for
putting theory and research results into general engineering and construction practice.

2.2 DECLINE IN CONSTRUCTION PRODUCTIVITY

The productivity of the construction industry (as measured by constant contract collars per hourly
work hour) has gradually declined (with some exceptions) over the past 35 years (Figure 2). The
United States led worldwide construction productivity as late as 1970, but in the ensuing decades,
it has been steadily declining and has been consistently down in the past nine years. This is
alarming when compared to the increasing labor productivity in all other non-farm industries,
which have enjoyed an increasing productivity of 1.77% per year over the same time period. The
spread between these two productivity indices became even more pronounced during the 1990s,
confirming that the seismic design and construction communities seriously lag o-her industries in
productivity.

Figure 2 shows that the design/construction industry productivity seriously lags other industries
and suggests that there are significant opportunities to improve the quality and eificiency of
facility design and construction practices. Studies from the U.S. Department of Commerce show
that productivity in the United States construction industry has fallen when compared to other
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farm industries from 1964 through 2001.
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industrialized countries. Construction industry executives blame their lack of improving
efficiency on the fragmented nature of the industry. This fragmentation is present, but other
industries face the same challenges and have increased their efficiency and productivity.

Despite the fact that there has been a significant adoption of new information technology (IT) by
the construction industry over the past 35 years, these applications tend to run in a stand-alone
mode that does not permit improved collaboration by the project design and construction team.
For example, each designer uses a separate computer-aided design (CAD) or computer-aided
engineering system, and computerized project management is independent of cost control, which
is independent of project changes to the drawings and specifications. Thus, while computers now
generate much information, they ultimately produce a paper output, which then must be manually
reviewed so that relevant data can be entered into another program (for example, CAD drawings
are plotted so that estimators can use them for making a cost estimate). This fragmentation causes
increased effort and time and has greatly reduced the ability of the project team to respond
quickly and effectively to changes in scope, site conditions, and other parameters—not to
mention change orders. Thus, despite the widespread use of IT, it has not resulted in better overall
productivity performance.

The building industry is characterized by a large number of small clients, vendors, suppliers,
designers, and contractors who are often not in a position to provide leadership for the adoption
of new technology and practice. In other industry segments, such as process and power, this is not
the case and there has been more rapid change and a significant increase in the productivity of
both design and construction. For example the capital cost per kilowatt-hour of cutput from a
power plant has steadily declined over the past decade. The opposite is true in commercial
construction.

This inability to communicate effectively has created tremendous waste and inefficiency,
estimated at up to 30% of the total cost of a building project. In the United States this amounts to
$240 billion of annual savings, or 3.9% of the U.S. gross domestic product. Add:tional large
potential savings are directly linked to the lack of effective communications, cocrdination, and
data sharing in building operations. For example, in the United States commercial building stock
uses energy valued at approximately $100 billion per year. Field data show that exceptional
buildings designed by skilled designers using appropriate systems and products can reduce energy
use by 50%. These potential savings are not captured due to numerous factors, many of which are
connected to IT problems and the lack of effective data exchange, including coordination between
architectural and engineering teams and communication of design intent to facility operations. If
the lack of effective interoperability accounts for only 20% of this total in energy use, the savings
opportunity is $10 billion/year. The same holds for design inefficiency costs that cause
construction to accommodate gravity and lateral loadings of structures, particularly extreme
loads, e.g., those due to earthquakes.

Providing adequate seismic life safety requires structural systems that are strong and durable, and
their cost increases with the degree of threat. The Midwest, Southeast and Northeast all have
experienced significant damaging earthquakes in the past, and are now known to be at sufficient
seismic hazard to warrant specific earthquake-resistant design. A major impediment in these
regions to implementing life-safety seismic design is the incremental cost over conventional non-
seismic design, Increases in building costs of up to 5% for seismic design compared to non-
seismic design are not unexpected. Such increases have a major impact on attitudes and on the
likelihood of implementing seismic safety practices in regions where the perception of the
seismic hazard is low. In the West, seismic design coefficients have increased 5% or more from
what they were 25 years ago, and the requirements for material detailing have become more
restrictive. The net impact of these changes is the perception that the cost of seismic design has
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increased, notwithstanding that good design to the new requirements can cost less than mediocre
design to the older requirements.

23 INTER-ORGANIZATIONAL DESIGN PROCESS

Design and construction of buildings is a technically demanding and competitive endeavor, with
significant cost and schedule constraints. Practices are dominated by small organizations; there
are no major or dominant organizations in any aspect of practice. The process of design is one
that merges science and art with a professional’s judgment. A project typically proceeds through
several distinct steps:

Planning

= Goal and program determination, project conceptualization
=  Financing

Design

= Schematic determination of the form of the structure and its geometric form,
structural system, and structural materials to be used

= Design of the structure

* Production of construction documents, including plans and specifications
= Permit application and review

Construction

=  Shop drawings

* Construction, including design modifications and alterations, observatior, inspection,
and materials testing

= Job completion
= Leasing and operation

The design team consists of architects, engineers (geotechnical, structural, mechanical, electrical,
and plumbing), contractors, materials suppliers, and specialty consultants on many specific
issues. All of these groups have specific areas of responsibility that merge in the completed
structure, under the ultimate direction of the owners or their representatives. The design and
development team is, in modern management sciences terminology a virfual corporation, in that
for each project, a large number of organizations team together to realize a project and disband
when it is completed.

The process of design is often sequential, with the architect setting the configuration and massing
of the structure, the geotechnical engineer setting the foundation conditions, the structural
engineer arraying the structural elements and materials, the mechanical, and the electrical and
plumbing engineers providing the schematic design of the utility services of the building. In some
cases, particularly mechanical and electrical systems, and often for cladding and roof truss
systems, the actual design is completed by a specialty contractor as part of a design/build effort
during construction. At each of these design steps, plans will be altered based on the
architect/owner/developer’s vision of the resulting project. One of the challenges to the design
team is to efficiently accommodate the needs of others in the preparation of its plans. Too often,
the process of integration is an afterthought. The opportunities for improved efficiency and
economy are potentially large.
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It is instructive to examine how other industries have progressed. In the 1970s, General Dynarmics
Electric Boat division was designing and manufacturing nuclear submarine structures using state
of the art CAD/CAM (Computer Aided Design/Computer Aided Manufacturing). Engineers
sitting at CAD stations performing analytical calculations, detailing, design and drafting were
immediately linked to machine tools cutting out sections of the submarine. Twenty years ago
submarine construction at General Dynamics was paperless.

While the automotive, shipping, and aircraft industries, as well as electronic manufacturers have
continued over the last 25 years to significantly increase their productivity through the use of
computers, business-to-business internet, and interoperability, the construction industry has
lagged far behind, with an actual decline in productivity averaging almost 2% per year for the last
30 years. Construction industry executives blame their lack of improving efficiency on the
fragmented nature of the industry. While this fragmentation is present, it is not a reason, it is an
excuse.

24 TECHNOLOGY TRANSFER

Improvements in seismic design and construction will depend on increasing the use of both
existing information and new knowledge developed from research and experience. It is clear that
simply publishing the results of research, and depending on the end user to find and interpret it is
not a particularly effective method of getting information to those who need it.

A key Program Element of THE MISSING PIECE: IMPROVING SEISMIC DESIGN AND
CONSTRUCTION PRACTICES is effective technology transfer. In order to truly change the way
structures are built so that they can better withstand earthquakes, the knowledge gained from
earthquakes and through research must be placed in the hands of the practitioners who are
actually designing them. In this way, future losses of life and property can be avoided through
improving the design process. The mechanisms of this technology transfer must consider the
participants in the process and be structured in a way that best fits that group and also takes into
consideration the industry’s needs. An effective approach to technology transfer is to place the
potential user in a prominent position. Under THE MISSING PIECE: IMPROVING SEISMIC DESIGN
AND CONSTRUCTION PRACTICES program, potential users will have primary input to both
identification of needs and to the evaluation of effectiveness of the actions taken.

Research suggests that the most effective approaches to increase use of technical innovations and
change are those that focus on involvement of the non-researcher (that is, those whose actions are
to be influenced, or individuals representative of those groups). These influential individuals
include decisionmakers, consultants, and advisors who are viewed within their communities as
leaders. Means of involvement include workshops, prototype studies, priority-setting exercises,
advisory groups and any other approach that exposes them to the problem, approaches to
resolution and the details of problem resolution. Experience is the key to affecting their future
actions. Successful utilization depends both on the careful selection of individuals to participate
and on constant rotation, bringing new individuals into the process.

Four groups in United States society play key roles in shaping, promoting, and implementing the
use and development of technology in the engineering design and construction professions:

= Private sector. The private sector is comprised of the owners, designers, consultants,
builders and occupants/users. The underlying fabric of the private sector is economic.
The private sector garners many economic benefits through the implementation of new
technologies.

= Academia. Academia consists of the universities, colleges, and individual researchers
who educate, and develop new knowledge, through science and applied research.
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Academic research is fundamental to shaping new technology and fulfilling academia’s
roles as educators and a depository of knowledge.

* Government. Government, primarily at the state and federal levels, plays both a
regulatory role in standardizing and codifying technology as well as advancing science
and technology to protect the public welfare. Government has the financial resources and
mandate to fund basic and applied research, mitigate the hazards posed by earthquakes,
and provide emergency response after earthquakes. Local governments also take on the
role of regulators, but in the form of the local community building officials who must
enforce the building code requirements that often develop from the new technology.

= Collaborative organizations. Collaborative organizations are the professional and
technical societies, trade groups, and not-for-profit organizations that werk as consensus
networks in advancing technological development. Collaborative organizations provide
the vehicle for the effective synthesis and distribution of technology frora research into
practice—technology transfer.

Individually, each group fosters different incentives for advancing seismic engineering
technology. Collectively, all of these groups and society at large will benefit through
technological advancements.

Each of these groups plays a role and shares in the responsibility for advancing the progress of
technical innovation. The challenge of moving technical innovation in seismic erigineering into
mainstream professional engineering practice requires the focused effort of all of these groups.
THE MISSING PIECE: IMPROVING SEISMIC DESIGN AND CONSTRUCTION PRACTICES proposes a
coordinated, goal-oriented, cooperative technology transfer effort as an integral part of every
action.

Technology transfer is accomplished where specific needs or limitations in current technology are
identified and the best resources are targeted to be brought to the challenge of bringing applicable
research into practice to address these needs. The technology transfer process is continuous and
dynamic, and THE MISSING PIECE: IMPROVING SEISMIC DESIGN AND CONSTRUCTION PRACTICES
will provide a permanent structure and framework for accomplishing this and for adjusting to
ongoing changes in priorities, earthquake events, and funding availability. Resources are drawn
from the four groups that play the most significant roles in shaping the development of
technology. From these resources, researchers and practitioners are drawn together to meld the
latest research into practical application in a consensus process under a collaborative organization
assisted, advanced, and funded by the government,

THE MISSING PIECE: IMPROVING SEISMIC DESIGN AND CONSTRUCTION PRACTICES is a problem-
focused program, and promotes a technology transfer agenda as an integral focus within all of it
activities. The advances of the past 25 years have shown that basic research does not always
provide the information needed to fully support the development of all the new technologies that
could be directly utilized in improving general engineering practice. To this end, a technology
transfer master plan will need to be established as an integral part of THE MISSING PIECE. The
program will succeed only if the needed technology is transferred to the general practice of
seismic engineering. THE MISSING PIECE: IMPROVING SEISMIC DESIGN AND CONSTRUCTION
PRACTICES proposes to do just that.
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3 PROGRAM PROPOSAL—THE MISSING PIECE: IMPROVING SEISMIC DESIGN AND
CONSTRUCTION PRACTICES

The goal of THE MISSING PIECE: IMPROVING SEISMIC DESIGN AND CONSTRUCTION PRACTICES is
development of more efficient, effective, and technically reliable practice for earthquake
engineering design and construction. As indicated at the outset of this document, two subject
areas with a total of five Program Elements are proposed:

= Systematic support of the seismic code development process.

Program Element 1 Provide technical support for the seismic practice and code
development process.
Program Element 2 Develop the technical basis for performance-based seismic

engineering by supporting problem-focused, user-directed
research and development.

*  Improve seismic design and construction productivity.

Program Element 3 Support the development of technical resources (e.g., guidelines
and manuals) to improve seismic engineering practice.

Program Element 4 Make evaluated technology available to practicing professionals
in the design and construction communities.

Program Element 5§ Develop tools to enhance the productivity, economy and
effectiveness of the earthquake resistant design and construction
process.

These action areas were determined through a workshop of 37 leading earthquake engineers,
regulators, and contractors in the summer of 2002. The Workshop meet for two days in San
Francisco to assess the state—of-the-art and state-of-practice in earthquake resistant design,
regulation, and construction. Six background papers were commissioned and distributed to the
participants to form the basis for Workshop deliberations. The topics and authors of the papers
were selected by a Steering Committee through several preparatory meetings and discussions.
The six background papers are:

1. Productivity Tools by Charles C. Thiel Jr. and Charles H. Thornton

2. Systematic Technical Support for the Seismic Code Development Process by
James R. Harris and Charles C. Thiel Jr.

3. Problem-Focused Study in Performance-Based Seismic Engineering by Ronald
O. Hamburger and Roberto T. Leon

4. Development of Technical Resources and Associated Problem-Focused
Research for Improved Seismic Engineering Practice by Christopher Rojahn and
Ronald T. Eguchi

5. Technology Transfer Mechanisms and Programs by Edwin T. Dean and James
M. Delahay

6. Program Management by Robert D. Hanson and James E. Beavers

The six commissioned papers are reproduced, as revised, in Appendices 1 through 6. These
papers formed the basis for Workshop discussions and were a resource for the drafting of this
main report. The Program Elements proposed in this report are distinet from these papers, but
derived significant value from the thoughts and opinions expressed therein. Also at the end of this
report, in Appendix 7, are brief resumes of the principal individuals involved in formulating the
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recommendations herein. These resumes are provided as background to better understand the
breadth and perspective of the project participants.

31 SYSTEMATIC SUPPORT OF THE SEISMIC CODE DEVELOPMENT PROCESS

3.1.1 Background

Public safety, as embodied in the police power of a government, is not a power that the U.S.
Constitution enumerates for the federal government. Rather, this power is reserved to the
individual states, which in turn delegate it to local governments. Locally enacted laws governing
building construction have traditionally been called “building codes,” and there are thousands of
such codes in the United States. In the past half century, there has been a move toward states
reclaiming their authority with statewide building regulations. In some states, these statewide
requirements encompass most forms of construction, while in others it is of limited scope, for
example, covering schools or for manufactured housing only.

Preparation and maintenance of a building code requires substantial creative and collaborative
effort. Few local governments can, in fact, devote such resources to this process. Furthermore, the
interests of interstate commerce advocate a commonality among building codes. Therefore,
model building codes have become popular in the United States. A local or state government can
adopt a model code with amendments appropriate for local conditions. This has currently evolved
to two model codes of nationwide scope: one promulgated by associations of building regulatory
officials, and one promulgated by an association of individuals interested in fire safety.

Most of the technical provisions in model codes are not actually written by the developers of the
model codes. A large number of voluntary national and international consensus standards and
guidelines exist that are developed and maintained by organizations interested in a particular
technical sphere. Model codes incorporate many technical provisions from such volunteer-
developed standards, and in many other cases they simply cite accredited standards by reference.
Accredited voluntary national/international standards are documents developed by groups with
scopes of (at least) nationwide interest and with procedures that ensure general agreement on the
technical contents of the standard. With respect to earthquake engineering, there are several
standards of interest. A very short list includes:

1. ASCE 7 Minimum Design Loads for Buildings and Other Structures, American Society
of Civil Engineers

2. ACI 318 Building Code Requirements for Structural Concrete, American Concrete
Institute

3. AISC LRFD/ASD Design Specifications for Steel Buildings and its supplement, Seismic
Provisions for Structural Steel Buildings, American Institute of Steel Construction

4. AF&PA/ASCE 16 LRFD Engineered Wood Construction and its Allowable Stress
Design companion National Design Specification for Wood Construction, American
Forest and Paper Association and ASCE

5. TMS 401/ACI 530/ASCE 5 Building Code Requirements for Masonry Siructures, The
Masonry Society, with ACI and ASCE

A particularly important guidance document for earthquake engineering has been Recommended
Lateral Force Requirements and Commentary, the SEAOC “Blue Book,” (Structural Engineers
Association of California). Similarly, the NEHRP Recommended Provisions for Seismic
Regulations for New Buildings and Other Structures, produced by the Building Seismic Safety
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Council with partial NEHRP/FEMA support, has played a significant role in the development of
seismic provisions in model codes and standards.

The volunteer-supported model code development process has been aided by FEMA’s support to
prepare the NEHRP Recommended Provisions for Seismic Regulation of New Buildings and
Other Structures and its efforts in specific areas such as wood framed housing and seismic
rehabilitation of existing buildings (e.g., preparation of the FEMA 273 Guidelines for the Seismic
Rehabilitation of Buildings). These efforts have addressed large, pressing needs, but have not
generally involved basic, practical research that would form the basis of individual technical
decisions, or provide a basis for advancing the structure of the code.

There are two pressing needs if the effectiveness of this process is to be improved, as it must be to
achieve the NEHRP goals:

= Provide specific technical support to the committees that develop model codes and the
documents upon which the model codes depend. This support is needed to address in a
timely manner critical, highly specific technical issues and problems encountered in the
code development process. This will foster development of more effective, efficient, and
technically reliable design regulations. The result will be safer buildings that are more
functional following an earthquake and fewer lives lost in an earthquake.

= Support problem-focused studies in performance-based seismic engineering that can form
the technical basis of future code development. Current codes are specification based,
that is, specific prescribed and proscribed steps to be followed and verified. The goal of
performance-based design is to focus on structural performance and provide means to
evaluate whether a design objectively meets these performance objectives.

The building code development and publication cycle is a regular process in which the provisions
are considered and revised to reflect changes in understanding and knowledge. Typically, the
cycle is that a new edition is published every three years. Figure 3 shows how this process
proceeds and its ongoing, regenerative process. The current edition is evaluated, and over a
period of two years or so, revisions are suggested, balloted for approval, and ultimately
considered by the code-writing body for acceptance. Following publication of the new code
communities at interest consider its recommendations and modify their code (as/if appropriate) in
the next few years—usually not less than one, and on average, about three years.

The work of the code development process is voluntarily performed, with members and their
organizations contributing the effort, generally with no compensation for time or expenses. THE
MISSING PIECE: IMPROVING SEISMIC DESIGN AND CONSTRUCTION PRACTICES proposes to
support the code development practice by:

= Short-term practical or research projects intended to directly support making sound technical
decisions for the current revision cycle.

= Long-term projects or research intended to supply technical answers for future code revision
cycles.

These recommended activities are described below in Program Elements 1 and 2, and discussed
in more detail in Appendix 2, “Systematic Technical Support for the Seismic Code Development
Process” and in Appendix 3, “Problem-Focused Study in Performance-Based Seismic
Engineering.”
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The code development cycle showing where the short-term and long-term

projects fit into the development process. Short- and long-term projects are
currently either not performed, completed at a rudimentary level, or
completed by those with vested interests that may not be consistent with the
community’s best interests. Each code publication cycle starts anew about one

year after publication of the previous code.

3.1.2

Program Element 1: Technical Support for Seismic Practice and Code Development

The objective of this Program Element is to support short-term practical, applied research projects
to better realize the goals of NEHRP in improved seismic design practice and code development.
The objective is not to restructure existing standards development processes. Program Element 1
will be accomplished by systematically identifying needs and resources, then prioritizing,
designing, conducting, vetting, and communicating the results of the studies intended to answer

the needs.

A short list of current research and development needs is identified in Appendix 2, “Systematic
Technical Support for the Seismic Code Development Process.” Examples from the larger list of

Appendix 2 are:

* Examination of the consequences no longer restricting particular structural systems in
high hazard areas, particularly in light of modern interpretations of favored systems that

conflict with older interpretations.

* Avrational method of accounting for geometric instability in a linear static analysis where
the real behavior is dynamic and nonlinear (the P-delta problem).

* Methods to identify circumstances in which the torsional response of structures is
significant, and how best to account for such response in linear analyses.
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= Methods to approximate nonlinear response when designing by with a linear analysis (the
R factor problem).

= Simple methods for predicting the nonlinear dynamic response of components supported
by structures.

» The need for and utility of quantitative design provisions to account for the redundancy in
a structural system, specifically focusing on the effect of such provisions on the reliability
of performance (the rho factor problem).

= The reliability implications of the present methods for linear analysis and design that
incorporate load and resistance factors calibrated for gravity and wind loads.

3.1.3 Program Element 2: Problem-Focused Research to Support Development of
Performance-Based Seismic Design Concepts and Guidelines

The objective of this Program Element is to support longer-term projects that focus specifically
on performance-based seismic engineering and its application in the next generation of seismic
codes. Performance-based seismic engineering (PBSE) is an area of engineering practice that is
rapidly developing, and which will have wide application to the evaluation and upgrade
(rehabilitation and retrofit) of existing structures and the design and construction of new
structures. Described broadly, performance-based seismic engineering envisions a related series
of technologies, that:

= Enable the development of structures that will provide predictable and desirable
performance in future earthquakes.

From this perspective, performance-based seismic engineering may be thought of as closely
related to performance-based engineering for other hazards including, for example, fire and blast.

FEMA has recently initiated a major effort to develop performance-based seismic design
guidelines for buildings. The effort is broadly based and will produce next-generation guidance
on a broad range of issues pertaining to the performance of structural components, the
performance of nonstructural components, and risk management strategies. Ultimately, this
guidance will be converted into provisions that can be incorporated directly into the NEHRP
Recommended Provisions for Seismic Regulation of New Buildings and Other Structures and the
FEMA 273 Guidelines for the Seismic Rehabilitation of Buildings, or the FEMA 356 Prestandard
and Commentary for the Seismic Rehabilitation of Buildings. FEMA is also supporting the
American Lifelines Alliance project to develop guidance addressing earthquake and other hazards
for lifelines (utilities an transportation systems). This Program Element is intended to support the
FEMA effort by conducting needed problem-focused research studies to advance performance-
based engineering concepts and criteria. Work on Program Element 2 would be coordinated so as
to complement, and not duplicate, research on similar topics being carried out in association with
Network for Earthquake Engineering Simulation (NEES) and other NSF progrars, and to take
advantage of the earthquake data collection system, particularly in buildings and other structures,
carried out under the USGS-supported Advanced National Seismic System (ANSS).

The primary emphasis of Program Element 2 is to support incorporation of performance-based
design concepts into the guidance documents and standards developed by the standards and
practice development community. The focus of activity is expected to include all types of
structures, not just buildings. Program Element 2 would include development of:

= Standard measures of performance

= Systems for qualifying the performance capability of construction components
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= Tools for predicting performance

= Performance translation tools for experimental data

= Construction systems capable of providing desired performance
= Sensors, including their calibration

=  Systems for monitoring performance

=  Appropriate simulation and experimentation projects

Additional information about the FEMA program and detailed recommendations on needed
studies is provided in Appendix 3, “Problem-Focused Study in Performance-Based Seismic
Engineering” and in Appendix 4, “Development of Technical Resources and Associated Problem-
Focused Research for Improved Seismic Engineering Practice.”

3.2 IMPROVING SEISMIC DESIGN AND CONSTRUCTION PRODUCTIVITY

3.2.1 Background

The productivity and effectiveness of the interaction between the seismic design and construction
communities is affected by a variety of factors. These include (1) the makeup of the engineering
design and construction industry, which consists of a large number of small clients, vendors,
designers and contractors; (2) the complexity and wide variety of construction types, including
buildings of varying height, size, and construction materials, and a wide range of transportation
and utility infrastructure facilities; (3) the availability of modern tools to improve efficiency; and
(4) the availability of new technology and information for reducing the effects of earthquakes on
the built environment. Given the decline in productivity of the United States design and
construction industry over the last decade and the widening gap between NEHRP-developed
engineering knowledge and its application, THE MISSING PIECE: IMPROVING SEISMIC DESIGN
AND CONSTRUCTION PRACTICES encompasses both a major technology transfer effort and a
major effort to improve productivity of the design and construction industry.

THE MISSING PIECE program responds directly to conclusions of the recent NEHRP Strategic
Plan, which recommends (1) a “much-expanded problem-focused research and guidelines
development program to develop future design, construction, evaluation, and upgrade guidelines
and standards of practice, and to facilitate the development of new mitigation technologies,” and
(2) that NIST, in partnership with FEMA, USGS, and NSF, should develop a coordinated
NEHRP plan to support an expanded level of problem-focused applied research and development.

THE MISSING PIECE: IMPROVING SEISMIC DESIGN AND CONSTRUCTION PRACTICES is intended to
address the following needs:

= Provide technical resources, such as tutorials, primers, code commentaries, guidelines,
and design manuals that reflect new knowledge and standards of practice. These
resources are needed for a wide range of existing prevalent structure types and elements,
including buildings and lifelines systems and their structural and nonstructural
components. In many instances, the development of such resources will require problem-
focused research studies to advance the basis for understanding new methods of practice.

= Evaluate and synthesize available seismic hazard mitigation information and technology,
including the wealth of NEHRP-funded research results that have become available over
the last 25 years. In some cases, initial results must be updated and revised. Everything
should be made available in a format that can be used by practicing professionals in the
design and construction communities.



91

= Reduce inefficiencies in design and construction practice by integrating and advancing
existing computer systems and tools used by the various segments of the design and
construction industry. There is a clear need to reduce inefficiencies and duplication of
effort in document and record keeping, to make more efficient the development and
transfer of drawings, and to develop standardized component definitions and details.

Recommended activities to fill these needs are encompassed in Program Elements 3, 4, and 5.
Program Elements 3 and 4 involve significant technology transfer activities. Therefore, it is
proposed that a technology transfer master plan (see Section 2.4) be developed that defines
products, milestones, schedules, review mechanisms, and dissemination strategies.

Additional information about the activities proposed for Program Elements 3, 4, and 5 is provided
in Appendix 1, “Productivity Tools,” Appendix 4, “Development of Technical Resources and
Associated Problem-Focused Research for Improved Seismic Engineering Practice,” and in
Appendix 5, “Technology Transfer Mechanisms and Programs.”

3.2.2 Program Element 3: Problem-Focused Research and Technical Resources
Development to Improve Seismic Engineering Practice (Guidelines and Manuals
Development)

The conduct of this Program Element recognizes and considers the related efforts of all NEHRP
agencies, including:

1. The NSF role in funding studies to advance fundamental knowledge in earthquake
engineering, which is carried out in large part by the three NSF-funded earthquake
engineering research centers (MAE, the Mid-American Earthquake Engineering Research
Center; MCEER, the Multidisciplinary Center for Earthquake Engineering Research; and
PEER, the Pacific Earthquake Engineering Research Center).

2. FEMA'’s role in developing tools to improve seismic engineering practices, including
model code provisions for the seismic design of new buildings, and guidelines and
standards of practice for the seismic evaluation and rehabilitation of existing buildings
and for the seismic evaluation and design of utilities and transportation systems.

3. NIST’s current limited program of problem-focused research and development in
earthquake engineering aimed at improving building codes and standards for both new
and existing construction, and advancing seismic practices for structures and lifelines.

4. The USGS Earthquake Hazard Program, which provides the earth science foundation for
NEHRP, and which includes earthquake hazards assessments and maps, seismic
monitoring, rapid earthquake information, and research on earthquake physics,
occurrence, and effects.

Of special relevance to the program of technical resources development and associated problem-
focused research proposed herein is the highly successful FEMA program to develop guidelines,
model code provisions, code commentaries, practice handbooks, and other technical resources.
Products from the FEMA program, known as the “Yellow Book series,” have been broadly
accepted by the seismic engineering profession and model code development bodies because
leading design professionals, researchers, and regulators were involved in their development.
FEMA-funded publications in the Yellow Book series include:

= The NEHRP Recommended Provisions for the Seismic Regulation of New Buildings and
Other Structures (FEMA 368 and FEMA 369). These have been updated every three
years since their initial publication in 1985,
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* A Manual for Reducing the Risks of Nonstructural Earthquake Damage (FEMA 74).

= The first and second editions of FEMA 154, Rapid Screening of Buildings for Potential
Seismic Hazards: A Handbook.

= The NEHRP Handbook for the Seismic Evaluation of Buildings (FEMA 178), and its
successor document, Prestandard for the Seismic Evaluation of Buildings (FEMA 310).

* The NEHRP Guidelines for the Seismic Rehabilitation of Buildings (FEMA 273), and its
successor document, the Prestandard and Commentary for the Seismic Rehabilitation of
Buildings (FEMA 356).

*  Procedures for the Evaluation and Repair of Earthquake-Damaged Concrete Wall and
Masonry Wall Buildings (FEMA 306, FEMA 307 and FEMA 308).

FEMA also sponsors and funds the American Lifelines Alliance (ALA), a five-year-old
public/private partnership. The goal of the ALA is to reduce risks to utilities and transportation
systems from earthquakes and other hazards. Projects undertaken by ALA produce guidelines that
are provided to standards developing organizations for consensus development aad
dissemination. ALA maintains a tabulation of the current status of U.S. natural aad manmade
hazards. This tabulation is available as a reference for use by lifelines industries and regulators
and as a means to identify needs for guidance development or updating.

Program Element 3 is intended to:

1. Expand NEHRP’s current responsibilities for the conduct of problem-focused research
and development in earthquake engineering.

2. Complement the existing highly successful FEMA effort to develop guidelines,
handbooks, standards of practice, and other technical resources for reducing the seismic
vulnerability of new and existing buildings.

3. Utilize new understanding and knowledge developed on seismic hazards from research in
the earth sciences. The Advanced National Seismic System (ANSS) network may provide
a new level of understanding of earthquake ground motion that will allow reconsideration
of how earthquake loadings are incorporated into performance-based design.

4. Encompass the broad range of existing structures and newly designed structures needed
and used by society today, including:

= Problem-focused research to advance the state of knowledge relating to needed
seismic engineering technical resources.

= Systematic development of needed guidelines, manuals, and other technical resources
for advancing seismic engineering practices.

Problem-focused research conducted under Program Element 3 may be initiated by observations
of the performance of building and lifeline structures during severe earthquake-induced ground
shaking, or researchers or practitioners may recommend topics with a specific technical resource
in mind (e.g., specific guideline or manual). The intent of THE MISSING PIECE program is not to
duplicate the NSF research program, but rather to develop specific problem-focused research
information for those who develop guidelines, manuals, and other technical resources for
advancing seismic engineering practices, and, in the process, put NSF and NEHRP research to
practical use.

Examples of high-priority problem-focused research needs include:
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= Identify seismic capacities of existing nonductile concrete frame buildings and the
number and distribution of such buildings nationwide.

= Test and evaluate the use of carbon fiber for rehabilitation of buildings and lifelines.
= Research innovative connections and systems for buildings.

= Research advanced technologies (e.g., remote sensing, ground penetrating radar) for
damage assessment of buried lifelines.

The technical resources development process will necessarily include the review of current
standards of practice, and the synthesis and reformatting of available research information from
NEHRP-funded investigations, as well as other sources (e.g., NSF, or international efforts).
Program Element 3 should focus on design and construction issues complementary to similar
efforts already being carried out by FEMA to reduce the seismic hazards of new and existing
buildings and certain lifelines. Among the issues with the highest expected impacts are
specialized types of facilities (often utility service-related), and specialized construction
techniques for which seismic design guidance is not available. Constant communication between
NEHRP agencies and FEMA will be needed to eliminate any duplication of effort. THE MISSING
PIECE: IMPROVING SEISMIC DESIGN AND CONSTRUCTION PRACTICES will provide the conduit
through which this information will flow,

Needed technical resources include: tutorials; primers; design guidelines for different structure
types and different audiences (ranging from engineers to construction inspectors); manuals of
design (for existing as well as new codes and standards); and code commentaries. Examples of
high-priority needs include guidelines for the seismic design of:

= Fossil fuel power plants
= Qil and gas pipeline systems
® Port and harbor facilities

»  New municipal landfills

3.2.3 Program Element 4: Evaluated Technology for Practicing Professionals in the
Design and Construction Communities

One of the critical needs for improving the economy and efficiency of professional earthquake
mitigation practice is to provide the design and construction community with relevant,
information that can make a difference in a practical way. There is a wealth of information
available—much from NEHRP-sponsored activities and not directly available to the practicing
professional (or, at least, it is not reaching this audience). The technical literature is becoming too
large and technically difficult for most practicing professionals to examine, much less evaluate
for use. Furthermore, as the technical literature becomes more complex, designers are reluctant to
employ the principles conveyed out of concern that building officials who have jurisdiction may
not sanction the ideas.

The goal of this Program Element is to evaluate and synthesize available seismic hazard
mitigation data, information, and technology, including the wealth of NEHRP-funded research
results that have become available over the last several decades, and to make this information
available in a format that can be used by practicing professionals in the design and construction
community.

The proposed format for reporting the results of each activity undertaken as part of this Program
Element is the technical brief format (ZechBriefs) pioneered by the Applied Technology Council
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(ATC) to spearhead distribution of technical information on earth-science research results to
practicing design professionals. THE MISSING PIECE: IMPROVING SEISMIC DESIGN AND
CONSTRUCTION PRACTICES recommends that ATC continue to take the lead in disseminating,
through TechBriefs, technical advances of the problem-focused activities conducted under
Program Element 3 and the results of the past 25 years of government-funded research. Each
TechBrief would address a single, focused topic, and its contents would be actionable. Nominally
4-to-12 pages in length, TechBriefs are not research papers, but topical, tightly written, and well-
illustrated discussions of practical problems faced by many engineering design and construction
practitioners. Target audiences are:

Project engineers, designers and detailers
Building department personnel who review plans and field construction documents
Inspection service field personnel

Construction trades personnel

TechBrief topics will be varied and would likely include the following categories:

L.

Distillations of research findings, particularly experimental research, that lead to
specific conclusions on structural detailing.

Findings of professional committees and task groups on particular seismic design and
regulation issues.

Results of testing programs for existing materials and assemblies that may have
broader application than the reason for the test.

Comparative evaluations of typical detailing practice. Most individuals who engage
in extensive peer review or building evaluations comment that many commonly used
practices are not particularly effective. These include, for example, extending confined
collectors in thin concrete slabs, or placement of reinforcing bar curtains in special
moment resisting frames. The issue is essentially that many repetitively used details of
construction could be significantly improved if they were reviewed and commented upon
by knowledgeable designers, and better, more effective details suggested, with a
discussion of why they are better. Hence, comparative evaluations of typical detailing
practice should provide specific recommendations for typical details and a discussion of
when they are good to use, and when they are not, as well as preferred alternatives.

Code clarification and interpretation. Building codes are often ambiguous on
particular applications or particular circumstances. There needs to be an effective way to
communicate clarifications and the basis for them to the design and regulation
professions.

Guidance on how to utilize real-time earthquake monitoring of structures to evaluate
their safety for continued use.

Construction means and methods evaluation of options for selected applications.

Case studies of typical design decisions to determine a building’s expected seismic
performance.

Observations from what we have learned from earthquakes and performance of
structures that bear on specific design practice, observations, and improvements. The
NEHRP-funded postearthquake investigations, including the Learning From Earthquakes
program of the Earthquake Engineering Research Institute, will be major resources.
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3.2.4 Program Element 5: Tools to Enhance the Productivity, Economy, and Effectiveness
of the Earthquake-Resistant Design and Construction Process

Program Element 5 is a major programmatic effort under which the National Earthquake Hazards
Reduction Program would seek to improve productivity in the design and construction industry
by taking the lead in incorporating and integrating all seismic design codes, analysis tools and
methods into the International Alliance for Interoperability (IAI) effort.

The global architectural, engineering, and construction community has initiated steps to improve
its productivity for economic reasons. One way is to use object based computer systems. [AI is
developing industry foundation classes (IFCs) for all products. Industry foundation classes are an
object-based approach to defining all of the attributes of the component, and all of its interfaces
with all of the other building systems within a particular construction project. Furthermore,
interoperability permits the linking of analysis, design, codes, standards, cost estimating,
scheduling, maintenance, lifecycle costing, and all other activities of the construction industry.
When completed, architects, engineers, and contractors will have object-based databases to
fully automate the process from start to finish. The United States participation in this effort has
been limited, with no incorporation of seismic design and construction issues to date. This
effort could improve significantly the efficiency and economy of the design and construction
for structural systems. :

At the present time, there are approximately nine international IAI councils around the world.
The leadership councils have been in Singapore and the Scandinavian countries of Finland,
Sweden, and Norway. Some of the present initiatives are energy simulations, facilities
management domains, Construction Specifications Institute (CSI) standardizat.on of
specifications, project management domains, steel projects, structural analysis models,
reinforced concrete and foundation construction, drafting extensions, precast concrete
construction, code compliance support, and building owners' requirements.

This IAI initiative can have significant implications for improving productivity within the
seismic community. The entire NEHRP seismic code provisions and their interface with all
products and components of a building—some with mass, some without mass——could form an
industry foundation class (IFC). This could allow the huge interoperable database in which all
industries around the world could use the same object definition and interface. This would go a
long way to improve and reduce fragmentation in the design and construction community and
could provide a mechanism for more effective competition of U.S. firms in the international
design and construction markets.

NEHRP participation in the IAT initiative would add a set of IFCs for structural and seismic
components, thus providing IFCs for all components of buildings, bridges and “he constructed
environment so that they can be incorporated directly into the seismic design, analysis and
construction processes.

The effort will likely require systematic and careful planning for implementation, as well as a
feasibility study to explore how to best encourage utilization of the completed interoperability
capability by the design and construction community. Other tools for improving productivity
could also be explored, and implemented, if feasible, as part of this Program E ement.
Additionally, process oversight should be implemented where major areas of the technology
would be evaluated and recommended for implementation. Areas where the technology
required significant improvement would be identified for future work.
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33 PERSONNEL REQUIREMENTS

The personnel to complete THE MISSING PIECE: IMPROVING SEISMIC DESIGN AND
CONSTRUCTION PRACTICES are available and are expected to be willing to participate. Indeed,
Workshop participants expressed eagerness to participate. The structural engineering professions
are well-known for their wide and extensive participation in code and standards development.
The wide participation by the membership associations of structural engineers associations (e.g.,
the Structural Engineers Association of California, the National Council of Structural Engineers
Associations, the Western Council of Structural Engineers Associations) in the technology and
standards development efforts of the Applied Techmology Council, the Building Seismic Safety
Council and other model code groups is an indicator of the capacity and willingness of the
professions to work when there is a perceived benefit in better earthquake resistant design and
construction practices. This below-cost, or voluntary, participation includes all aspects of seismic-
design research and code and standards development. The planned level of effort in the work
proposed in THE MISSING PIECE: IMPROVING SEISMIC DESIGN AND CONSTRUCTION PRACTICES
is a natural extension of what has been done to date.

Through the efforts of FEMA, NIST, NSF and USGS over the past 25 years, NEHRP has proven
that the academic and professional communities can perform the types of investigations needed to
implement THE MISSING PIECE: IMPROVING SEISMIC DESIGN AND CONSTRUCTION PRACTICES,
and can willingly contribute to such efforts.

There are no market place limitations to accomplishing the goals of THE MISSING PIECE:
IMPROVING SEISMIC DESIGN AND CONSTRUCTION PRACTICES.

34 BUDGETARY REQUIREMENTS

The budgetary requirements for THE MISSING PIECE: IMPROVING SEISMIC DESIGN AND
CONSTRUCTION PRACTICES for the first three years of its operation, and for the sustaining effort,
all in constant dollars, are summarized in Table 1.

The amounts recommended were determined by the assessment and evaluation of Workshop
participants as necessary to make significant accomplishments in the intended areas. These
amounts are evaluated as realistic to achieve the original Congressional objective of increasing
public seismic safety. The amounts recommended in this section are considered the minimum
required to achieve the goal of each Program Element. The program starts at a level of $5.25
million, grows to $8.25 million and is recommended for a sustaining level of $6.25 million,
adjusted annually for the cost of inflation. It is recommended that if fewer total resources are
available, then every effort should be made to fund the individual Program Elements of the
program at the indicated levels, and reduce the total amount expended by eliminzting some
Program Elements, not a proportional reduction of all. It would be better, from both economic
and technical standpoints, to stagger initiation of Program Elements rather than to fund them at
below-critical levels.

The code development activities of Program Elements 1 and 2, both for short- and long-term
(performance-based seismic engineering) efforts, will continue over time and require long-term
support. This level of support is consistent with the perceived needs for technical support of the
code development process for all building and structural types. The support level for Program
Element 3, the development of technical resources (e.g., guidelines and manuals of practice) is
modest. It assumes that the major issues in this area continue to be undertaken by FEMA, as they
have in the past, and that THE MISSING PIECE: IMPROVING SEISMIC DESIGN AND CONSTRUCTION
PRACTICES focus on those types of facilities and applications that are not large enough to engage
the concern of the emergency response community, but are sufficiently important. to others at
interest to attempt to resolve the technical issues before an carthquake exposes them as important.
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Table 1. Budgetary Requirements (millions of dollars)
Program Element: ($millions) Year 1 Year2 Year 3 Sustaining
»  Code development support program
Program Element 1 1.0 1.0 1.0 1.0

Technical support for short-term projects

that support practice and code development

Program Element 2 1.5 2.0 3.0 2.0
Long-term problem-focused research on

performance-based seismic engineering

= Improving design and construction productivity
Program Element 3 1.0 25 2.5 2.0
Problem-focused research and technical
resources development {guidelines and
manuals)
Program Element 4 0.5 1.0 1.0 1.0
Evaluated technologies distilled and
distributed through TechBriefs

Program Element 5 125 1.00 0.75 0.25
Productivity and interoperability
Total 5.25 7.5 8.25 6.25

Support of Program Element 4 for the evaluated technologies (TechBriefs) development effort is
essentially constant. It is anticipated that the perceived need for TechBriefs will increase, as will
the number of topics warranting consideration. The proposed budget assumes that other NEHRP
agencies will observe the utility of this approach to dissemination of technical information and
will initiate similar projects to supplement this effort in other technical areas. Prcgram Element 5,
the productivity and interoperability effort, is possible to complete within three years. Following
this initial three-year effort, it is anticipated that there will need to be a standing effort to maintain
the database system and supplement and augment it as required to meet the needs of the seismic
design and construction communities.

There have been other planning efforts within the earthquake hazards reduction community that
have addressed these programmatic issues in the context of larger, more comprehensive efforts.
The Earthquake Engineering Research Institute (EERI) has vigorously supported the immediate
need to fund ANSS and NEES and proposes a sustained, 20-year effort to reduce the nation’s
earthquake vulnerability. The EERI-recommended program consists of research and development
funded at approximately $358 million per year. The NEHRP strategic plan, in draft and not yet
finalized, similarly provides a comprehensive program to address the NEHRP legislative
objectives. THE MISSING PIECE: IMPROVING SEISMIC DESIGN AND CONSTRUCTION PRACTICES is
a small element in support of both these proposed efforts and draws strength from them.
Workshop participants expressed support for these larger efforts, but focused their
recommendations on the narrower objectives presented herein. Potential budgetary resources for
THE MISSING PIECE: IMPROVING SEISMIC DESIGN AND CONSTRUCTION PRACTICES are consistent
with current NEHRP expenditures.
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3.5 SCHEDULE AND MANAGEMENT

It is recommended that THE MISSING PIECE: IMPROVING SEISMIC DESIGN AND CONSTRUCTION
PRACTICES program be implemented at the earliest possible moment. Start-up should be rapid,
since there has already been a significant amount of effort in defining what is to be done and how
it can be accomplished. This report and its appendices will serve as a roadmap.

THE MISSING PIECE recognizes that current NEHRP funding emphasizes the fundamental research
programs of the National Science Foundation and the seismic monitoring, hazard assessments,
and research of the U.S. Geological Survey and the earthquake engineering codes and practices of
FEMA-supported efforts. New funds for problem-focused and applications research are
necessary.

It was recommended by Workshop participants that this problem-focused research and
development program be user- and needs-driven. Further, it must include appropriate project,
task, and personnel evaluations and a willingness to terminate projects not achieving the desired
goals and individuals not meeting agreed deadlines. That is, it should be run like a business
enterprise rather than as an academic program.

To gain the support of the design and construction communities, and for the advocacy of this
problem-focused research and development program, it is important that the needs of these design
and construction communities be addressed. On this basis, the following recommendations for
management are offered:

= Establish a formal external review mechanism, drawing on experts with leadership
experience, to assist in identifying and prioritizing problem-focused topical areas and
review of program progress. Such reviews should be a regular part of maintaining and
updating the program plan, evaluating project effectiveness and direction, and supporting
managerial decisions on program implementation,

* For each significant programmatic undertaking, an appropriate project plan, management
structure and technical team should be in place, and should be regularly reviewed for
effectiveness so that mid-course modifications can be made to assure successful project
completion. Management of the activity must consider both the work done, and its
relationship to its goals and its specific interim plan,

= The level of effort provided by government, academic and private sector personnel
should be balanced to best achieve the objective of the specific project.

= The success of this program depends upon being efficient and effective in reducing
earthquake losses by supporting the seismic code development process and improving
seismic design and construction productivity. Therefore, at the core of program
management must be a focused and dedicated effort to measure the benefits of
programmatic outcomes against their costs. Programmatic actions should be based on this
independent benefit-cost assessment. To the extent practical these should be concrete, not
hypothetical, specific not generalized, and focused on both intended and unintended
beneficiaries and costs.

3.6 FEASIBILITY

There are no known impediments that would prevent achievement of the goals set forth in THE
MISSING PIECE: IMPROVING SEISMIC DESIGN AND CONSTRUCTION PRACTICES. A principal
concern is to keep Program Elements focused on practical “actionable” results that are user- and
needs-driven.
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Program Element 5, the productivity/interoperability effort, represents the only undertaking with
any technical or applicability risk. The risk is associated with the possibility that the global
integration goal cannot be achieved at this time, or that it provides tools that are not ready for
applications use; that is, it is ahead of its time. The risks of failure are counterbalanced by the
extraordinary benefits of success as discussed below.

That the productivity/interoperability framework can be successfully implemented has already
been proven. The technologies and information required to implement it are all stable and known
to exist. The principal feasibility issue is whether the design and construction community will use
the system developed. It is clear, however, that other design and construction industries have
successfully implemented these procedures to great economic and societal profit. It is expected
that marketplace economics will force use of these productivity and interoperabiiity tools, and
that seismic design and construction can only benefit from this increased use of specifications that
are interconnected and standardized to the very best of our research knowledge.

3.7 BENEFITS OF IMPLEMENTING THE MISSING PIECE

The benefits of THE MISSING PIECE: IMPROVING SEISMIC DESIGN AND CONSTRUCTION
PRACTICES can be significant to earthquake safety. Impacts will be in three basic areas:

1. Reduced investment required to achieve acceptable earthquake performance of the built
environment.

2. Reduction in the traumatic life loss, injury damage, and economic impacts when
earthquakes occur.

3. More rapid recovery and restoration of the physical community and economic activity
following an earthquake.

Reductions are hard to quantify at this time. Projections are that earthquakes with over $100
billion and thousands of lives lost can occur at many locations in the United States. Current
incremental investment in seismic resistant construction is in excess of $10 billion per year.
Reducing the funds directed toward restoring the built environment following an earthquake will
free funds for other societal uses that are more productive.

Major benefits may accrue to the construction economy— a one-trillion-dollar segment of the
economy and a $3 trillion global market. As much as 50% of all construction is in seismic hazard
areas, as determined by USGS hazard maps, so there is opportunity to directly impact
construction in seismic regions.

In summary, the benefits of THE MISSING PIECE: IMPROVING SEISMIC DESIGN AND
CONSTRUCTION PRACTICES are assessed as:

= Better, more technically sound earthquake-resistant engineering design and construction
Ppractices.

= More reliable structures that perform better in earthquake shaking.

= Fewer lives lost in a destructive earthquake.

= Lower initial seismic and retrofit construction expenses.

= Mitigation of the consequences of earthquake shaking.

* Increased productivity and interoperability in engineering and construction.

= Better, less intrusive, code enforcement.
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If the total cost savings of THE MISSING PIECE: IMPROVING SEISMIC DESIGN AND
CONSTRUCTION PRACTICES are only 0.1% of annual construction expenditures in seismic regions,
then the return will be over 30 times the investment proposed herein. The actual return in reduced
costs is expected to be much greater. The rewards of the other non-monetary benefits (e.g.,
reduction in life loss and injury, maintenance of facility use) are even larger. These benefits are
clear in their form, because they are targeted specifically at the people and institutions of the
construction economy. THE MISSING PIECE: IMPROVING SEISMIC DESIGN AND CONSTRUCTION
PRACTICES could become a major source of benefits from the whole NEHRP program, with
clearly defined and traceable results that can be directly demonstrated to have impacted practice.

The big unknown in the program is the huge, upside potential of the interoperability Program
Element on how all construction is realized, not just that small portion that is dictated by seismic
safety and performance concerns—which even in high seismic hazards areas accounts for only a
few percent of total construction costs. It is uncertain how quickly or to what degree productivity
and interoperability will impact the overall construction industry for nonseismic issues. If it
succeeds for all construction issues, then the rewards of THE MISSING PIECE: IMPROVING SEISMIC
DESIGN AND CONSTRUCTION PRACTICES will apply not just to productivity of seismic
construction, but also to productivity of all construction, whether for gravity and service loads, or
those of wind, snow, water, and blast,

If there is but a 1% improvement in efficiency of the construction industry, the benefit will
exceed $1 billion annually—and more may be possible. The stakes are huge, but so are the
opportunities for significant, systematic productivity improvements. Even if the possibility of
success is only 10%, the annual rewards are estimated to be over 50 times the investment
pl‘OpOSCd for the entire THE MISSING PIECE: IMPROVING SEISMIC DESIGN AND CONSTRUCTION
PRACTICES.
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Appendix B

In my opinion, one of NEHRP's recent success stories in Utah has been the installation of
a multipurpose urban strong-motion network in Utah's dramatically-growing Ogden-Salt
Lake City-Provo urban corridor (see www.seis.utah.edu/urban/index.shtml ), where 80
percent of Utah's population and economy is sitting on top of the five most dangerous
segments of the active Wasatch fault. Thanks to funds and equipment from the U.S.
Geological Survey under the Advanced National Seismic System (ANSS) program,
coupled with cooperative funding from the state of Utah, 65 strong-motior: stations were
installed and integrated into the University of Utah's regional seismic network during the
past three years as part of a new real-time earthquake information system. The improved
urban/regional earthquake monitoring system was emplaced in time for the 2002
Olympic Winter Games but was primarily aimed at meeting Utah's long-term earthquake
safety needs.

One of the reasons I call this a success story is because the new urban network and real-
time earthquake information system has galvanized interactions among earth scientists,
engineers, emergency managers, the Utah Seismic Safety Commission, and other
stakeholders - all concerned with practical steps towards improving earthquake safety in
Utah. Coincidentally, I and nine other local engineers are members of a state advisory
committee guiding the implementation of ANSS in Utah. I am greatly concerned that
proposed cuts in ANSS funding, which already are unrealistically low for a national-scale
program, threaten to erode the valuable gains in modernized seismic monitoring already
made. Authorized funds for the vast majority of ANSS instrumentation planned both for
Utah and the rest of the Nation, especially for the instrumentation of structures, have yet
to be appropriated by Congress.

Instrumentation of buildings in areas of likely seismic activity is critical. These buildings
are the real laboratory specimens that we will learn from. There is a gap i knowledge
between ground motion and structural response that can only be filled in through
instrumentation programs. Ultimately, all of our design codes/standards must be based
upon empirical data so derived.
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DiscussioN

Chairman SMITH. Are you suggesting, Mr. Reaveley, that there
wasn’t collusion in——

Dr. REAVELEY. I am suggesting— —

Chairman SMITH [continuing]. Your more resolved clause of all of
the witnesses?

Dr. REAVELEY. I am suggesting that I never saw their testimony
when I wrote this. I have seen it since, and I am amazed at some
of the common experiences we have come to and recommendations.

Chairman SMITH. Each panelist will have five minutes, and I will
begin with the question that I suggested earlier and that is, just
very briefly, the relationship between what government effort
should be in additional research to develop new and better tech-
nology and the efforts in implementing what we already have. And
start with you, Mr. Olson.

Mr. OLsoON. Thank you very much. I have a perspective on this
that is a governmental perspective. Research is terribly important.
The Federal Government is excellent at supporting research. When
you move out of the research, and I am working on some projects
like this right now, you move into whole different spheres. And for
example, we would like to see more done by local governments. It
is the distribution of power in the United States. It is the federal
system that we have to work through to make things happen in the
public sphere, and so the Federal Government can do a number of
things, including regulate things like nuclear power plant safety.

In other cases, the initiative and responsibility really belongs to
the state. And so you have to find ways to encourage states to take
action in areas they are responsible for. And as Dr. Reaveley men-
tioned, at the local level, and then you have to depend on local de-
velopments to understand the risk and to take actions that they
are responsible for.

Chairman SMITH. Okay. But again, the balance—how much—if
you were going to come up with a percentage, how much of our ef-
fort should go into implementing what we already have versus ad-
ditional research, whether it is federal, state, or local.

Mr. OLSON. I guess I can make some enemies here, what the
heck. I would say we need 40 percent addressed to implementation
and the complexities associated with it.

Chairman SMITH. And well, let us just go down the line, Mr.
Cluff, and then we will end up with you, Mr. Lowe.

Dr. CLUFF. Yes. Thank you. I come—the perspective of using
NEHRP products within a large operating utility and working with
a lot of other utilities and transportation providers. I would like to
enhance the comments I made on the public/private partnership
where you can leverage the funds. Get the NEHRP groups. We
have NEHRP funding from NSF, from USGS, and the universities
that work with the users, and you allow the users to drive the
agenda. That has been the missing problem. On the model we set
in the San Francisco Bay Area to allow the users to drive the agen-
da and then the researchers willing to produce the products that
we can immediately implement. The problem has been that it takes
15 to 20 years for a research result to get into effective implemen-
tation. With the projects that we have in the pier center, we are
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able to implement within a few days after we get a research result,
because we have structured how the research is done to get a re-
sult we can use.

Chairman SMITH. Now this is in private sector——

Dr. CLUFF. Yes.

Chairman SMITH [continuing]. You are talking about mostly?

Dr. CLUFF. Yes.

Chairman SMITH. So when it comes out of their own pocketbook
and somebody proves to them that they can add to the assurance
that their structure isn’t going to be damaged, it is relatively short
time for implementation.

Dr. CLUFF. That is right. But it is—but it—we need to provide
that model so that more users will get involved to take advantage
of this and put money where their mouths are.

Chairman SMITH. And so somehow part of the question is should
we be looking at some ways to better encourage the private sector
to implement this? I mean, whether it is a homeowner that is going
to build a house that is more structurally sound for tornadoes or
hurricanes or earthquakes, it seems like the insurance company
would say, “Look, we are going to really cut your rates,” but that
hasn’t happened, to my knowledge.

Dr. CLUFF. We really need a mechanism, as Dr. Reaveley men-
tioned, to motivate those people who have control over building
practice and so forth to do it right.

Chairman SMITH. And Dr. O’'Rourke, your comment and then Dr.
Reaveley.

Dr. O'ROURKE. Excuse me. I would like to make a distinction be-
tween implementation of research and research which is
implementable. I think when you do research that you want to find
come into practice, you have to be thinking about the implementa-
tion when you design the research program. And there are some
very good models out there. Dr. Cluff referred to one with respect
to the Bay Area. The other earthquake engineering research cen-
ters also are working with what we call test beds. For example, the
Multidisciplinary Center for Earthquake Engineering Research
works in—with the Los Angeles Department of Water and Power
to look at water supply and electrical systems. This is very impor-
tant, because what it does is it enjoins the researchers with an ac-
tual system, gets them talking to the engineering personnel and
the management personnel, and also gets them to learn that the
technical problems aren’t always the only problem that one has to
face.

There are important economic repercussions from earthquake
damage. There are important community issues at hand. And when
we look at the research being implementable in an integrated way,
which not only involves geoscientists and earthquake engineering,
but also social scientists, economists and people that understand
the community, then we are able to walk across these divides and
put together a program that not only addresses the industry issues,
but addresses some of the knottier, more difficult community im-
plementation issues— —

Chairman SMITH. My time has expired, Dr. O'Rourke — —

Dr. O'ROURKE. Sure.
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Chairman SMITH [continuing]. But I am going to ask you and Dr.
Reaveley to briefly comment, and then we will pass it on to——

Dr. REAVELEY. I think one thought that has been introduced is
the difference between applied research and basic research. This
earthquake program needs an awful lot of applied research. Rel-
ative to the appropriation of money to the local and private sector,
we should try to build some incentives to bring on people in a pat-
terning way. And then I don’t know how you ever reach down to
the building official department level, but they need help and
badly, because if in the private sector, outside of institutions, if it
is never—if the plans aren’t done right and not checked, and then
if they are not checked in the field, we will never get earthquake
or any high load-resistant structure actually completed.

Chairman SMITH. Congresswoman Lofgren.

Ms. LOFGREN. Thank you, Mr. Chairman. This has been, I think,
a very helpful hearing and one that I am very interested in. As you
know, I represent San Jose, California. And anybody who went
through Loma Prieta, as I did, remembers it well. And actually San
Jose fared fairly well, largely because of we had some good luck,
but we also had good engineering. And that just proves that we—
you know, you can make people and communities safer if you work
at it. And so I think it is enormously important that this be reau-
thorized.

But I am also concerned about funding levels. And as a matter
of fact, Mr. Chairman, I think—1I am going to be circulating a letter
to the appropriators about funding for this earthquake effort, and
I am hopeful that maybe we could make that a bipartisan effort,
because we can authorize away, but if we don’t put the resources
in, we are going to pay a terrible price. I mean, it is only a matter
of time. It is not an if, it is a when issue. And I do know that the
work that we did, for example, in San Jose, saved us hundreds of
thousands, millions of dollars. So I am hopeful that we might be
able to work together on that.

Chairman SMITH. And if the gentlelady would yield, that was one
of my questions also is why wasn’t ANSS even in the budget.

Ms. LOFGREN. Right.

Chairman SMITH. And so is it left to Congress to do things that
apparently our experts are suggesting should be done? Thank you.

Ms. LOFGREN. I would very much—obviously, we need to pay
some attention to ANSS, and I think we should fund it more ag-
gressively so we can get it done. And I guess the question for Mr.
Lowe is what efforts have been made to get an adequate budget re-
quest for ANSS in the President’s budget? Did you all ask and get
turned down or——

Mr. Lowg. Well, I am—of course, I am not from USGS, so it is
a little difficult to——

Ms. LOFGREN. Right.

Mr. LOWE [continuing]. Do that. I do think, quite frankly, the
way that Section 206 has been constructed, yes, we would be—
FEMA would, in fact, as the lead agency, be the ones to move that
forward. Heretofore, I am not aware of that occurring in that fash-
ion. I do know that there was consultation, you know, with the
Committee and so on and so forth to be able to do what has been
done. But that is exactly why I am calling for a management plan
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so we can carry out the spirit of Section 206. When the PCC, the
principals of the other NEHRP agencies and we sat down and de-
cided upon a management plan, specifically as a basis was Section
206, so that we all could, in fact, coordinate our budgets and move
forward and go to OMB and ask for what Congress told us to do,
either request or the recommendation anyway. So— —

Ms. LOFGREN. So if I could, the— —

Mr. Lowe. Each agency, up to this point, has been left——

Ms. LOFGREN. Right.

Mr. LOWE [continuing]. In essence— —

Ms. LOFGREN. Right.

Mr. LOWE [continuing]. Up to their own processes to make re-
quests for their initiatives.

Ms. LOFGREN. And I understand. I mean, with the new Home-
land Security Department, and I also sit on the Homeland Security
Committee here, there is so much to do in terms of reorganization
and the like. It—1I just think that to wait while that reorganization
goes forward, as, indeed, it must, and not to address the funding
issue in this funding cycle would be a mistake. And I think, hope-
fully, we can remedy that.

Mr. LowE. We are prepared to move forward with our manage-
ment plan working with PCC and, of course, the ICC, which is the
program level, to leverage that. Obviously in the Department of
Homeland Security, we have also dispatched one of our NEHRP
staff over to science and technology, who will begin to try to lever-
age some of the resources there to help us achieve the NEHRP vi-
sion as well as to put together a fairly strong— —

Chairman SMITH. If the gentlelady would yield again— —

Ms. LOFGREN. Yes, certainly.

Chairman SMITH [continuing]. I would be more than generous on
the five minutes. But still, in our NEHRP authorization bill three
years ago, a little over three years ago, we specifically said that
FEMA would guide the budget, a coordinated budget process for
NEHRP. And I guess I hear you say that the individual agencies
have sort of been on their own, but it seems to me that if the law
says FEMA would coordinate and guide that budget process to
have a coordinated budget, that should happen.

Mr. Lowe. I agree with you. And again, that is exactly why we
called for the first meeting of the PCC to re-establish what we
needed to do specifically, not just the letter but the spirit of what
Section 206 offered. And so I appreciated Section 206 as a call to,
in fact, direct the principals to manage—if you will, lead this—the
NEHRP.

Chairman SMITH. I mean, the law said you had to do it.

Mr. LOWE. That is right.

Chairman SMITH. What more do we need to make sure it is
done? We ask for reports, but the reports were not timely, and it
has been only recently we have received those reports. So maybe
somehow more— —

Ms. LOFGREN. Well, if T could, too, it—the report itself, which we
just received, doesn’t really have any numbers in it. And I am just
sort of wondering how we could end up with a five percent reduc-
tion in the earthquake program in the proposed budget consistent
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with the strategies that are outlined in the plan without budgetary
numbers.

Mr. LOWE. Again, what you have there doesn’t really represent
what I am talking about.

Ms. LOFGREN. I see.

Mr. Lowe. I think we can do more, and I think we can do it, cer-
tainly, in the 04 budget cycle. And frankly, I think it was quite
clear when we had our PCC with the principals that we were all
committed to doing that. Because the strategic plan is passed, we
all know where we are going. That is a consensus document. We
all agreed. We all agreed that it is important to do that. We also—
part of the management plan was to pick out exactly what is the
staffing expertise we need from all of the agencies who participate
in this process. So I am, frankly, fairly confident that the agencies
are going to work collectively as a coordinated body to fulfill fully
Section 206.

Ms. LOFGREN. How much money do we need, do you think? Have
you reached that conclusion?

Mr. LOWE. No, I can’t say we have. What I would like to be able
to do is in our annual performance plan be able to chart out where
we are with what we have now— —

Ms. LOFGREN. Um-hum.

Mr. LOWE [continuing]. And then be able to come back and tell
you, okay, our performance metrics will show here is where we are,
provide it X amount investment more, this is where we are. So you
can see what we can achieve given whatever resources that we
have.

Ms. LOFGREN. Just a final, maybe, question or observation, and
I don’t want this to be taken as an offensive comment, because it
is not meant in that way. I am—I wonder whether, especially now
that FEMA has been assigned to the Homeland Security Depart-
ment, whether FEMA is the best home for this activity. And I say
that not to be critical of FEMA, but I—to the extent that FEMA
has—is diverted to other activities, that is going to be enhanced,
I think, now because of the new Homeland Security responsibil-
ities. And I am not—I don’t have a vision for another home for this
activity, but I am wondering if—you don’t even have to answer
now, but if people have thoughts about what might work better
than FEMA, especially now that you are Homeland. And we are
going to keep you very busy at—in the Homeland Security Depart-
ment.

Mr. Lowg. Well, I don’t—frankly, I think that FEMA is a good
home for it now more than even—ever before, because DHS, De-
partment of Homeland Security, is an all-hazard agency. But the
all-hazard paradigm is a natural hazard paradigm. An earthquake,
just as we saw in New York, is vitally important. When we began
to do mitigation work in New York, where did we go? We came to
FEMA. Where did we go in FEMA? We came to the NEHRP part-
ners. We did the—had the retrofit designs for the bridges, for the
tunnels, for the harboring that is occurring, $417 million worth,
and other work.

Ms. LOFGREN. Oh, and by the way, I mean, your agency did a
spectacular job in that activity. I mean——

Mr. LowE. But these are NEHRP earthquake— —
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Ms. LOFGREN. Right.

Mr. LOWE [continuing]. Is what I am saying. These are earth-
quake designs to harden for manmade intrusions. Very significant.
One of the things that we talked about among our NEHRP agen-
cies, even about this testimony today, is how everybody felt, if you
will, about, really, bringing forward the possibilities that are cre-
ated for moving the earthquake agenda down the road with our
ability to use our lessons learned in a manmade environment. And
everybody is very positive about that, and so I think that is what
you see in the testimony. The ability that we have now working
with S&T and all of our NEHRP partners is probably greater than
it has been before, because it is all hazard. When we start talking
about earthquake, we are talking about an all-hazard design
for——

Ms. LOFGREN. I am still—I certainly appreciate that comment,
and I think it something that we may want to even think about
further as we go forward, because clearly FEMA has many
strengths as an agency, but the fact that it took so long to get an-
swers, and we really don’t have the answers now, may indicate
that there is—the focus isn’t quite on the science that we want.
And maybe there is a better home.

Chairman SMITH. Well, it has been—in fact, one of our Members
of the Science Committee suggested that the lead agency be USGS.
And also, there was a suggestion that we have sort of a rotating
directorate that would rotate every 18 months or two years that
could temporarily be assigned within FEMA or within another
agency. But I mean, you have to——

Mr. Lowe. I would like to comment on that.

Chairman SMITH [continuing]. Understand that that is a concern.

Mr. LOwE. Yeah, I have—we have thought about it on a couple
of different fronts. First, in terms of the research agenda, yes, we
are not a research agency. We use that. We apply that in a real-
life situation, so we are interested in research practice. And that
is the way—that is a bias that we are going to have, because it
needs to be real for FEMA to be able to use to save lives and prop-
erty. Very true. My thought, which I—is outlined in the testimony,
is to create a research subcommittee, which we have done, under
ICC with a moving chair to talk about what that research agenda
ought to be and then to be able to float that upwards so we can
establish priorities, whether it is increasing knowledge or research
or practice, opportunities and, again, float that up.

But the next piece, really, that has always been planned and is
in the strategic plan that we have never operationalized during the
life, as I understand it, of the NEHRP program is that PCC struc-
ture. You have got a lot of folks when you look. And I won’t go back
into my slides, but when you look at all of the advisory groups, we
have a lot of advisory groups. But what has got the strategic plan
into your hands was a drive—if you will, some really strong driving
motion at the highest levels to make it happen, because we have
got folks who are technical, who are very committed, who can do
a lot, and who have done a lot. But right now, we need some com-
mitment at the highest policy levels of all of these agencies at this
point.
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And I think that is where you are going to see, frankly, the
movement. It doesn’t—and it really—and with that model, it really
doesn’t matter where your head is, because the management plan
is we are a leadership of equals. The management plan is going to
be the product of all of the NEHRP partners. It is not going to be
just a FEMA show at all. And so I welcome your comments. I wel-
come what you see fit to do, however.

Chairman SmiTH. We will start a second round. I don’t know
what your schedule is, and I know and apologize for the length of
time that we have held you here. I need some help understanding
a little better our seismic technology and what the potential might
be and is it worth pursuing if we can increase our lead time on
warning by another eight or ten seconds? So in terms of the seismic
technology that is there, is the United States the leading country?
Is Japan the lead country? Who would be the lead country for the
mechanics of early warning from our technology? You, Mr. Cluff.

Dr. CLUFF. Mr. Chairman, I would say that we are close to being
the lead. We are working very closely with the Japanese. They
are—they have a big program on earthquake prediction, but their
experience shows that they really missed it with the Kobe earth-
quake. They were—focused all of their money and attention on the
area around Tokyo. The people running that program were not
paying attention to the Kobe area where we, working with them—
I had been over there personally and worked on the active faults
in the Osaka area, and we knew that fault that released the Kobe
earthquake was an active fault. So they kind of have to redirect
their activities. I think trying to short-term predict an earthquake
is not socially responsible. I think the forecast that the USGS is
doing, the shake—real-time shake maps and so forth is where the
future is, and that technology needs a lot more funding to get it
dispersed through ANSS throughout the country so we don’t miss
an opportunity. We have a big earthquake in the mid part of the
continent where we don’t have enough instruments right now. It
will be another several hundred years if we miss recording that
earthquake. We have got to get those in. Congress authorized a lot
of money to do that. The appropriations are not there. And the
budget at the USGS has been cut back. And they lack support from
the Department of Interior. I serve on that advisory committee
through the Department of Interior, and our committee is very dis-
tressed that the USGS does not have strong support from the De-
partment of Interior for their budget on critical items.

Chairman SMITH. And I guess it makes me wonder about some-
how doing a better job in communication. Apparently a tremendous
lack of understanding about earthquakes, awareness of the tech-
nology that is available. I am not advocating, necessarily, more
building codes, but certainly a—at least not an aggressive building
code program in more high-risk areas. I mentioned insurance that
seemed like would be—if you are going to build a building. So we
have ended up without some of the understanding and initiative.
And I would also suggest, respectfully to our appropriators, there
is somewhat of a lack of appreciation and understanding on the
pﬁft of our appropriators. So I think a letter would be very advis-
able.

Mr. LowE. I agree with those comments, if you were asking.
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Chairman SMITH. And Mr. Reaveley, you had a comment.

Dr. REAVELEY. Just to the insurance issue. Heretofore, the insur-
ance industry has been very slow at recognizing the difference be-
tween a bad structure and one that might have some resistance.
I was in a meeting a week ago where it looks like they are going
to start taking that into account in premiums. But if there could
be some incentives somehow to get the insurance companies in-
volved with recognizing the difference between buildings, then we
would probably put some incentive back into the private sector to
do }3;1 better job if they could get a break on insurance by doing it
right.

Chairman SMITH. Is there enough damage from earthquakes or
potential damage for privately owned homes and the information
and technology of the potential building type structures that
can——

Dr. REAVELEY. Yes.

Chairman SMITH [continuing]. Dramatically improve their resist-
ance to earthquakes?

Dr. REAVELEY. Absolutely. There has just been a project finished
in Los Angeles to improve that housing stock. It goes all the way
from individual homes to the biggest buildings we have where if we
merged at least the basic technologies to address seismically defi-
cient buildings and how to improve them. We don’t have all of the
answers, and we need an awful lot more work on finding the best
and economical ways to do that.

Chairman SMITH. If it is a home loan with HUD or VA or Agri-
culture, now we require, for example, that if it is an identified po-
tential flood area, we require flood insurance. Do we do any of that
with any of our federal loans for home ownership——

Dr. REAVELEY. Not that I know of.

Chairman SMITH [continuing]. To help encourage— —

Dr. REAVELEY. And some agencies have stopped writing earth-
quake insurance in areas, because of the damage and the loss. It
may be too big a hit for them to take. I know that Lloyds of London
bailed out of the Salt Lake Area years ago when they looked at
what it was really going to—what was really going to happen.

Chairman SMITH. How much increase in cost would it take for
a private home versus a—I don’t know how you categorize different
sizes of buildings, if we are retrofitting versus what it takes in ini-
tial structure?

Dr. REAVELEY. Two to three percent in a brand new building, at
the very maximum. One to two percent, maybe, on the new struc-
ture to go from a bad structure to a good structure of building cost.
That is all we are talking about. Small, small amounts. When we
try to deal with the existing structure to fix it, we are going in—
then we run into historical things and that. We can run the cost
up between 20 percent of the cost to renew the structure even to
100 percent in the rehab. And there is where the balance is how—
to finding out what we can fix economically and that which you
should walk away from.

Chairman SMITH. And what are you suggesting that we change
it to—what would it be to include tornadoes?

Dr. REAVELEY. Multi-hazard is the term that I think FEMA
would use.
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Mr. Lowe. Well, it has been, but you know what, I think we
should be using the word “all-hazard”, and the reason we should
be using the world “all-hazard” is we are not dealing in silos of
hazards any more. I think we are all saying that you know what,
if you do certain things, it is going to protect you from a bunch of
different hazards, natural, manmade, whatever. That is all-hazard,
not multi-hazard.

Chairman SMITH. Yes.

Mr. Lowe. So I would suggest— —

Chairman SMITH. Representative Lofgren.

Ms. LOFGREN. Thank you. I think this is a very useful discussion.
And it is, you know—comparing this discussion with, kind of, what
is accepted in California is interesting and forcing me to kind of
think through what happens if New Madrid lets loose. You know,
we are not ready here in the East or Midwest. And in California,
we are readier, although we are never fully prepared. I think that
if we were to advocate, I guess this may not be in our Committee’s
jurisdiction, but loan sources along with the information packets.
That would go a long way. I mean, I know, actually, in the San
Francisco Bay Area everybody knows there is going to be more
earthquakes. And if the faults let loose, you know what is going to
fall down. And people go and repair buildings. I mean, the cities
have gone on reinforced masonry projects. Individual homeowners
are trying to, you know—the structural unsoundness of the Cali-
fornia garage under the apartment. I mean, people are attending
to that. And I think the people in the Midwest and East aren’t fa-
miliar with it.

And I think that there are certainly things that can be done that
would save lives in addition to ANSS. I mean, you know, to have
a little warning does matter. I mean, even a little short warning
can mean the difference between whether you die or whether you
don’t die. And so that is important, but I think it is the ability ac-
tually to get this information, these maps and these sensors out
across the country and maybe even especially not in California is
essential because I—just think what the economic damage to this
country would be if we had a large event again, and I think we
will. The only question is when. So I don’t know if you agree with
that, Dr. Reaveley, but——

Dr. REAVELEY. Let me just say I agree totally with that, but don’t
think that what you felt in San Jose from Loma Prieta is a big
earthquake. It is a moderate earthquake.

Ms. LOFGREN. It got my attention.

Dr. REAVELEY. It absolutely got your attention, but it is not what
we are going to see.

Ms. LOFGREN. Right.

Dr. REAVELEY. And in modern time, we haven’t had anything— —

Ms. LOFGREN. Right.

Dr. REAVELEY [continuing]. That is going to challenge that built
infrastructure the way the big one will.

Ms. LOFGREN. Right. I wonder, Dr. O’Rourke, you had com-
mented on the priorities and what we needed to do. I had a ques-
tion, really, about another agency that we haven’t discussed at all
and the role that they might play and that is NIST. I mean, we
have talked about needing to get this information out into the pub-
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lic arena. NIST sets standards. Their budget has been devastated
in the proposed budget. I don’t—maybe—Dr. O’Rourke, maybe that
is—you are not the right person to ask this, but——

Dr. O'ROURKE. Well, I think everybody at this table shares that
perspective. And there are varying degrees of articulation that we
could provide for it. But certainly at the EERI Board of Direction,
this has been a concern. As you mentioned, NIST is the national
standards developer for this country, and their allocation of re-
sources from the National Earthquake Hazards Reduction Program
has been very, very small, almost minuscule in the last several
years. If they are to do the things that they are capable of to pro-
vide the kind of technical device—advice and development that
they are able to do, they need to have an enhanced budget. They
need to have enhanced resources and to play a much more signifi-
cant role through those resources in this program. So you are right,
absolutely. And it is part of our common perspective, I am sure,
that NIST needs to play a stronger role.

Ms. LOFGREN. Is there a role to play? I mean, building codes are
a product of state and local and will remain so and should remain
so. But California has dramatically upgraded its building code rel-
ative to seismic, and it has shown in terms of our losses. And my
sense is that that has not actually happened in other parts of the
country who are very much at risk and that there needs to be—
I don’t know that we need to mandate so much as there needs to
be some information flow to the Midwest and to the East about the
hazards and risks, because I don’t know that the legislators and
city council members are even aware of this.

Dr. REAVELEY. The code is out there, and it is a common code
that we are all working to, essentially with variations. The dif-
ference between the good practice in California, and there is poor
practice as well — —

Ms. LOFGREN. Yes.

Dr. REAVELEY [continuing]. Is in the enforcement level. It is the
will at the local level to do something about it. There are building
officials who lose their jobs in other jurisdictions for enforcing what
the codes would require. And that is what I am talking about some
incentives at the local level to actually use the knowledge we have
instead of building more bad buildings.

Ms. LOFGREN. Um-hum. Well, and I guess the insurance issue
is—that comes into it. And certainly California has had to take
over the insurance, because the loss estimates are so huge that the
private market couldn’t even cope with it. But I think if insurers
took a look at the exposure in the Midwest, it is actually larger
than what we have in California under— —

Chairman SMITH. Would the gentlelady yield?

Ms. LOFGREN. Certainly.

Chairman SMITH. Do I understand you to say there is, in effect,
a federal national building code that can be—that is in place that
can be adopted locally by municipalities

or——

Dr. REAVELEY. One of the panel referred to it this morning or
this afternoon. The IBC 2000 is a—essentially a national code. And
multiple states are adopting it, and it is based upon a very thor-
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ough overall look at the country’s problem from the mapping pro-
gram of the USGS. Now— —

Chairman SMITH. I was thinking of a building code.

Dr. REAVELEY. It is a building code. The maps are built into the
building code, and there is a document available and it is being
adopted state by state, which is a uniform look at what is good
practice. We have that document. It came, really, out of multiple
agencies, but I would, I guess, really have to point to FEMA as the
one that pushed, along with ASCE and the building officials. It is
a joint effort to make this happen. It was something that we
couldn’t even think that might happen, but it had converged in this
last—for the IBC 2000 from multiple scattered documents where
we were conflicting requirements. We pretty well got rid of those.

Chairman SMITH. We have kept these folks for about— —

Ms. LOFGREN. Yes.

Chairman SMITH. —4%—let us see, 2% hours.

Ms. LOFGREN. Thank you very much, though. This has been very
helpful.

Chairman SMITH. Do you want to ask— —

Ms. LOFGREN. No, I think that, actually, this has been a very
useful hearing, because it is really stimulated some ideas and
issues that I wasn’t thinking about when I walked in here, so——

Chairman SMITH. Well, I am not through yet. I have one more
question for——

Ms. LOFGREN. Okay.

Chairman SMITH [continuing]. Mr. Lowe.

Ms. LOFGREN. Well, I will listen to your question and answer.

Chairman SMITH. And that is the—I was told last week that our
Emergency Management Program Grants are being transferred —
the 4.4 million are being transferred to border security. Are you
going to have any input how that is used? I mean, that is part of
the NEHRP budget.

Mr. Lowe. Well, as you know, that money was put into the
EMPG grants before, and that is—and that whole fund is being
transferred over to border security, so there is certainly NEHRP
money, as you are referring to, as well as other resources that are
being transferred over to border security. We certainly are going to
try to make sure that that is done in an orderly way and a suffi-
cient—but once they are transferred into the EMPG pot, it means
that states have a flexibility to spend them as they choose, and
SO——

Chairman sMITH. Well, so you are not going to work with ODP
on the— —

Mr. LOWE. No, what I am trying to say is there is a certain
amount of flexibility that already came from having the money in
EMPG. Now with all of that now going over to ODP, that flexibility
will remain. We absolutely are going to work with ODP to make
sure it works and to try to make sure that we even can have a bet-
ter job of making sure we know exactly how states are using the
money, S0— —

Chairman sSMITH. I hope you were against that transfer, but
other than that, give me the general rationale of why that decision
was made.
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Mr. Lowe. Well, that is a first responder pot that is there. I
think it was Secretary Ridge’s belief that it—having, kind of, all
grants administered and monitored in one place would be a much
more efficient way of providing an all-hazard grant. And so that
seems to—is the rationale for doing that, as I understand it.

Chairman SMITH. We are going to call this— —

Ms. LOFGREN. Could I just do a——

Chairman SMITH. Certainly.

Ms. LOFGREN [continuing]. Quick follow-up on that, because I
was actually not aware of that transfer? Will the grants that
were—the money that was transferred, are they being treated in
the same way using the same formula as the first responder? The
reason why I ask is that California is currently receiving, I think
it is $3.57 per capita under the First Responder Grants. Wyoming
is getting $37 per capita. And— —

Chairman SMITH. They live farther apart.

Ms. LOFGREN. Farther from the—and so there is some sense that
this is not a good idea in California. And I would be very concerned
if these—if this additional money now is morphed into this strange
formula. Do you know the answer to that?

Mr. LOWE. As I understand it, the first responder grants are
really modeled after the Patriot Act. And so—which is—you know,
there is a base level, and then there is some more. So it is a little
different in terms of what you are talking about. There is no des-
ignation for earthquake funds now or——

Ms. LOFGREN. Okay.

Mr. LOWE [continuing]. Would they be in the future. So I think
that kind of answers your question.

Ms. LOFGREN. Thank you.

Mr. LowE. Can I take a little bit of a liberty to say something
about insurance incentives?

Chairman SMITH. Yes, what do you think?

Mr. LOWE. Yes. I just want to say a little bit about it. As you
know, I am also the Federal Insurance Administrator and do have
the NFIP, which is the National Flood Insurance Program. And one
of the things that we thought would be useful is to try to work with
the private sector to create an all-hazard insurance policy, which
would help spread the risk of, if you will, all of the major hazards
across a larger policy base. And so in doing that, it might very well
be an earthquake pool, let us say, in California, who would pick up
a piece, the NFIP with its 92 insurance companies would pick up
the flood piece. We would have a hurricane piece. There would be
other pieces. It would also, obviously, create a certain amount of
soundness in trying to deal with the terrorism piece.

Now the significance of that is the NFIP, just very quickly, is
built on insurance, the promise of insurance if certain mitigation
actions occur after the hazard areas are defined. And so ANNS,
NEES, all of those are—ANSS, excuse me, are all very critical to
such a system. But we think that that is a model that is worth
looking at. So we would encourage that and just wanted you to
know that those are the sorts of things we were thinking about.

I just want to mention that Executive Order 12699 does say that
for federally owned, leased, assisted, or regulated new building con-
struction, it needs to be in accordance with that design standard.
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And so in other words—and that is the NEHRP standard. That is
the 2000 standard. So that is there. And so it might be a matter
of compliance to reach some of what you are talking about.

Chairman SMITH. Let us conclude by, if you wish, maybe taking
up to one minute, and I will just raise my hand when your 60 sec-
onds are up, of any last thoughts that you would like to pass on
to the Committee as we write the NEHRP reauthorization. And we
will start at this end, Mr. Reaveley, with you, and go down the
line.

Dr. REAVELEY. Just fund us. And fund the broader program, and
make it a focused program. I worry that we have—that we are not
focused and coordinated on what our goals and objectives are.

Chairman SMITH. Dr. O’Rourke.

Dr. O'ROURKE. I echo that. I think that this program has done
great service and value for the United States, that it is a model for
the rest of the world, that it contributes not only to our seismic
safety, but, as you have heard in this testimony from all different
sources, has had a profound influence on our homeland security
and other natural hazards. And so it is—needs support. It needs
the funding. And you also asked for priorities. I think ANSS, and
also NEES, are two model programs that have terrific opportunity
to do the kinds of things you want it to do. They are on the table.
They are there. They are well thought out. They are visionary. And
with support for those two projects, you will get a lot of leverage.

Chairman SMITH. Dr. Cluff.

Dr. CLUFF. Yes, I support the need to expand the funds, increase
the funding in line with what the EERI comprehensive program
has called for, at least a three times expansion. When we look at
the losses that we certainly can get from earthquakes, on a cost
benefit ratio, it is very clear. The Trans-Alaska Pipeline is a good
example on the money that was saved from a potential environ-
mental disaster. It was a non-event in the press. When asked—
when I had been asked can we afford to increase the budget for the
NEHRP program, when I look at the consequences, we can’t afford
not to.

Chairman SMITH. Thank you. Mr. Olson.

Mr. OLSON. I believe my colleagues have said it all very well.
Being educated in political science, I look back and I would like to
just suggest that maybe it is time to look back at the chartering
legislation that was passed in 1977 and to take a look forward to
the next 20 years and see what it ought to say, because that char-
tering legislation then is what the agencies implement and report
to you on. And I think that may be a policy—it might be just time
to look at that policy issue. Thank you.

Chairman SMITH. Thank you. Mr. Lowe.

Mr. LOWE. Yeah. I just would want to re-emphasize that the im-
portant thing here seems to me to really drive this program toward
results, and the results, of course, are saving lives and property.
We have all of the makings of that. We have a strategic plan. We
are developing an annual plan working with all of our stakeholders
and then, of course, the work that will come out of the research co-
ordinating committee. And so we are developing a performance
management program. That is vitally important, and so we would
like, certainly, the Committee’s strong consideration of what we are
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trying to do here and to give the strategic plan and the structure

we have set up along with the management plan, among all the

PCC leaders, the NEHRP agency leaders, if you will, to work, be-

gause we believe that you will be pleased with the success if you
0.

Thank you.

Chairman SMITH. Let me close in saying thank you all very much
for the sacrifice of your time being here. Thank you for your exper-
tise and interest and advice. Without objection, the record of this
committee hearing will remain open for, how long, 48 hours?

The CLERK. Five days.

Chairman SMITH. Five days in order to have comments from
other Members of the Committee and, with the permission of the
panelists, to possibly ask you additional questions that haven’t
been answered. And with that, the Committee is adjourned.

[Whereupon, at 4:33 p.m., the Subcommittee was adjourned.]
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INTRODUCTION

The U.S. Geological Survey (USGS) has been an active participant in the National
Earthquake Hazards Reduction Program (NEHRP) for twenty-five years. Within
NEHRP, USGS provides the fundamental earth sciences information, analyses, and
research that form the foundation for cost-effective earthquake risk reduction meas-
ures.

Earthquakes are the most costly, single event natural hazard faced by the United
States. Twenty-five years of work by USGS, in close cooperation with the three
other NEHRP agencies (Federal Emergency Management Agency (FEMA), National
Institute of Standards and Technology (NIST), and National Science Foundation
(NSF)), has yielded major advances in earthquake preparedness and monitoring, as
well as a vastly improved understanding of earthquake hazards, effects, and proc-
esses. Through NEHRP, USGS is poised to build on these accomplishments, helping
to protect lives and property in the future earthquakes that will strike the United
States. In FY 2003, USGS received $46.6 million in appropriated funds to support
NEHRP work. The three major activities of USGS within NEHRP and the percent-
age of funds supporting these activities are given below:

— Assessment and quantification of seismic hazards. The USGS produces and
demonstrates the application of products that enable the public and private
sectors to assess earthquake risks and implement effective mitigation strate-
gies. (40 percent)

— Operation, modernization, and expansion of real-time earthquake notification
and monitoring systems. The USGS operates the national program in col-
lecting, interpreting, and disseminating information on earthquake occur-
rences throughout the U.S., and significant earthquakes worldwide, in sup-
port of disaster response, scientific research, national security, earthquake
preparedness, and public education. (40 percent)

— Increasing scientific understanding of earthquake processes and effects. The
USGS pursues research on earthquake processes and effects for the purpose
of developing and improving hazard assessment methods and loss reduction
strategies. (20 percent)

The work of USGS Earthquake Hazards Program is focused on the Nation as a
whole and on five broad geographical regions, addressing particular regional needs
and problems in areas where the earthquake risk is the greatest. These regions are
Southern California, Northern California, the Pacific Northwest (including Alaska),
theR Int)ermountain West, and the central and eastern United States (including Puer-
to Rico).

Approximately one-fourth of the USGS NEHRP funding is used to fund activities,
investigations, and research outside USGS. Each year we support approximately
100 research grants at universities, state governments, and in the private sector.
The USGS is engaged in some 16 cooperative agreements to support the operations
of 14 regional seismic networks maintained by universities. In a cooperative effort
with NSF, USGS provides support to the Southern California Earthquake Center,
a leading effort in earthquake research at the University of Southern California. By
involving the external community, through research grants and cooperative agree-
ments, the USGS program increases its geographical and institutional impact, pro-
motes earthquake awareness across the Nation, encourages the application of new
hazards assessment techniques by State and local governments and the private sec-
tor, and increases the level of technical knowledge within State and local govern-
ment agencies.

USGS NEHRP ACTIVITIES

Earthquake Hazard Assessments. The USGS carries out quantitative earthquake
hazard assessments on national and regional scales. The national seismic hazard as-
sessments are used to form the seismic safety elements of model building codes for
the United States. These maps integrate results of geologic mapping, field studies
of fault locations and slip rates, analyses of seismicity patterns and rates, and crust-
al deformation measurements. The maps are prepared in digital format and give,
at some 150,000 grid points nationwide, the severity of expected ground shaking (in
terms of horizontal acceleration and velocity) over exposure times of 50, 100, and
250 years. The maps and their associated databases are used also to predict earth-
quake losses and to define insurance risks. Periodic review and revision of these
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maps, as new data become available, is a high priority in the USGS NEHRP pro-
gram. The latest revision of these maps was completed 1n 2002.

The national scale earthquake hazard maps do not take into account variations
in the amplitude and duration of seismic shaking caused by local geologic structures
and soil conditions. For example, artificially filled land and shallow geologic basins
filled with loosely consolidated sediments tend to amplify and extend earthquake
shaking to dangerous levels. The USGS works in areas of high to moderate seismic
risk, such as San Francisco, Los Angeles, Seattle, and Memphis, to produce large-
scale maps and databases that show the variations in ground shaking patterns that
can be expected from local conditions.

In addition to not taking into account variations in local geology, the national
scale assessments do not take into account the time dependence of earthquake oc-
currence. For example, if a large, magnitude 8 earthquake occurs on the northern
San Andreas fault in California tomorrow, is unlikely that an earthquake of similar
magnitude will occur on the same fault a year from now, simply because a large
portion of the tectonic strain in the region will have be relieved. Studies of the re-
gional “strain budget” result in forecasts of the probabilities of future earthquakes
on individual active faults and across the region as a whole. The USGS is in the
process of publishing an exhaustive study of the earthquake probabilities in the San
Francisco Bay region. This study estimates a 62 percent chance of an earthquake
of magnitude 6.7 or greater in the region before 2031.

Earthquake Monitoring and Notification. The USGS is the only agency in the
United States responsible for the routine monitoring and notification of earthquake
occurrences. The USGS fulfills this role by operating the U.S. National Seismograph
Network (USNSN), the National Earthquake Information Center (NEIC), the Na-
tional Strong Motion Program (NSMP), and by supporting 14 regional networks in
areas of moderate to high seismic activity. All of these efforts are being integrated
into the Advanced National Seismic System (ANSS). Rapid and reliable information
on the location, magnitude, and effects of an earthquake is needed to guide emer-
gency response, save lives, reduce economic losses, and speed recovery. Additionally,
the seismic data from routine network operations are essential to define and im-
prove the models of earthquake occurrence, fault activity, and earth structure that
underlie earthquake hazards assessments and research on earthquake effect and
processes.

The same analysis systems and facilities that process data for domestic earth-
quakes use data from the Global Seismograph Network (GSN) to monitor foreign
earthquakes. Notifications of large foreign earthquakes are provided to the Depart-
ment of State, the Office of Foreign Disaster Assistance, the Red Cross, and the
news media.

The ANSS is an effort to integrate, modernize, and expand earthquake monitoring
and notification nationwide. This effort was authorized in the last reauthorization
of NEHRP in 2000 (P.L. 106-503). Although appropriations have not reached the
authorized level, significant progress has been made in the development of the
ANSS. A management structure is in place that includes regional implementation
and advisory groups with national level oversight and coordination. By the end of
2003, USGS and its regional partners will have installed some 400 new seismic sen-
sors in urban areas of the United States. These areas include Los Angeles, San
Francisco, Seattle, Salt Lake City, Reno, Anchorage, and Memphis. Data from earth-
quake sensors in urban areas can be used to produce, within a few minutes of an
earthquake occurrence, a map showing the actual severity and distribution of strong
ground shaking caused by an earthquake. Emergency management officials and
managers of transportation, communication, and energy grids use these
“ShakeMaps” to direct the response to the earthquake, minimize it effects, and
speed recovery. Data from these “Shake Maps” can be imported into FEMA’s
HAZUS GIS based loss estimation tool to provide extremely reliable results. Some
form of ShakeMap capability now exists in Los Angeles, San Francisco, Seattle, and
Salt Lake City.

ANSS sensors in urban areas also provide the data necessary to improve earth-
quake resistant building design and construction practices. These instruments will
provide quantitative data on how the ground actually shook during an earthquake.
These data will serve as the input to engineering studies to improve site character-
ization and infrastructure (bridges, buildings, lifelines, etc.) performance, such as
the George E. Brown, Jr. Network for Earthquake Engineering Simulation (NEES)
sponsored by NSF.

Better Understanding of Earthquake Processes and Effects. With the goal of im-
proving hazard assessments, earthquake forecasts and earthquake monitoring prod-
ucts, USGS conducts and supports research on earthquake processes and effects.
This is a effort to increase our understanding of the tectonic processes that lead to
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earthquakes, the physics of earthquake initiation and growth, the propagation of
strong shaking through the Earth’s crustal and surficial layers, and the triggering
of landslides, rock falls, and other ground failures by seismic shaking. This research
is based on theoretical, laboratory, and field studies and addresses many of the fun-
damental problems of earthquake occurrence and consequences.

Working with User Communities. The USGS believes that all of its work under
NEHRP must relate to reducing public risk from earthquake hazards. We make
strong efforts to engage the communities of users of our information, assessment
products, and research.

The development of the national seismic hazard maps involves an exhaustive
process in which we engage seismologists, geologists, and engineers on the regional
and national levels. Regional workshops are held at which new data and studies on
earthquake hazards are presented and discussed. The changes that will result in in-
corporating the new results into revised maps are also presented and discussed.
Every effort is made to reach a consensus on the validity of the new results and
on the resulting changes in the hazard maps. At the national level, we work with
FEMA, the National Institute of Building Safety, the Building Seismic Safety Coun-
cil, the Building Officials Conference of America, and the American Society of Civil
Engineers to ensure that the maps are of maximum practical use to the engineering
and construction communities.

Our work on regional hazard assessments in northern and southern California,
Seattle, and Memphis is carried out in participation and collaboration with regional
and local governments and local interest groups. These groups provide essential
input on what information is needed and the form in which it is needed to be of
greatest practical use.

Within the ANSS management structure, there are six regional advisory commit-
tees and a national steering committee. These committees are made up of engineers,
seismologists, and emergency management officials. The regional advisory commit-
tees ensure that the implementation of ANSS meets regional requirements; the na-
tional committee ensures that the program is developed as an integrated system
with national operating standards and equipment specifications.

In 2002, under the authority of P.L. 106-505, USGS established a Scientific
Earthquake Studies Advisory Committee to advise USGS on its roles, goals, and ob-
jectives within NEHRP, to review its capabilities and research needs, and to provide
guidance on achieving major objectives and performance goals. Members of this
committee have backgrounds in geology, seismology, and engineering and represent
academia, State governments, and the private sector. The Committee has met three
times during the past year and has provided two reports to this committee on its
findings.

The USGS maintains close ties with professional groups such as the Seismological
Society of America, the Earthquake Engineering Research Institute, and the Amer-
ican Geological Institute. We also work closely with and support regional groups
such as the Central United States Earthquake Consortium, the Western States Seis-
mic Policy Council, the Cascadia Region Earthquake Working Group, and various
state geological surveys and seismic safety commissions.

At the federal level, in additional to working with our NEHRP colleagues, we
have strong ties to the Tsunami Warning Service of the National Oceanic and At-
mospheric Administration, the Nuclear Regulatory Commission, the Bureau of Rec-
lamation, and various elements of the Departments of Defense, Energy, and Trans-
portation.

The USGS has worked with the Red Cross and other agencies to prepare Sunday
paper inserts on earthquake awareness for San Francisco and Anchorage. A USGS
employee wrote the pamphlet “Putting Down Roots in Earthquake Country” which
was published and distributed throughout southern California by FEMA, the State
of California, the Red Cross, and the Southern California Earthquake Center.

Promoting the International Exchange of Earthquake Information and Research.
Since the beginning of NEHRP, USGS has had formal, active scientific exchange
programs with Russia, Japan, and the Peoples Republic of China. In prior years,
before development of the Internet and the demise of the Cold War, these exchanges
were rather stiff and prescribed with formal annual meetings at which details of
joint research projects were negotiated. The annual meetings continue, but in addi-
tion to them there is a continual flow of information, ideas, and results between par-
ticipants on all sides through electronic mail and personal visits. The USGS also
h(alls exchange programs with institutes in France, Italy, Turkey, Mexico, and Can-
ada.

In the case of a large, foreign earthquake, when there are lessons to be learned
that have applications in the United States or when assistance is requested, the
USGS will send teams of scientists to carry out post-earthquake investigations. Dur-
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ing the 25 years of NEHRP the USGS has sent teams to investigate earthquakes
in dozens of countries including Algeria, Armenia, Australia, Chile, China, Colum-
bia, El Salvador, Guatemala, Italy, India, Japan, Mexico, Turkey, Yemen, and Yugo-
slavia. Most of these investigations have led to scientific reports that are provided
to the host country and many have led to extensive collaborative work between
USGS and foreign scientists.

SIGNIFICANT ACHIEVEMENTS OF NEHRP

The USGS has made substantial progress in earthquake awareness, prepared-
ness, and safety during the past 25 years. Immense efforts have gone into planning
earthquake emergency response, retrofitting existing structures, and ensuring that
new structures are built to withstand expected shaking levels. The USGS has con-
tlg‘buted to these efforts through its hazard assessment, monitoring, and research
efforts.

Earthquake Hazard Assessment. The flagship product of the USGS under NEHRP
is the series of national seismic hazard maps. These seismic hazard maps are the
scientific basis of seismic provisions in building codes enacted throughout the U.S.
to prevent loss of life and limit damage during large earthquakes. Ten years ago
these code maps were based on four broad, qualitative zones that were used to de-
scribe the earthquake hazard nationwide. This depiction and classification of the
Nation’s earthquake hazard was completely inadequate. Today these maps consist
of 150,000 grid points each with a quantitative estimate of the expected shaking at
each point. The 1996 national seismic hazard maps are directly included in design
maps in the NEHRP Recommended Provisions, published by the Building Seismic
Safety Council and FEMA. In turn, these Provisions are used in the 2000 Inter-
national Building Code (IBC), which is the merging of the three major national
model codes. The IBC and the International Residential Code have now been adopt-
ed by jurisdictions in 37 states. Thus, this NEHRP product, the set of national seis-
mic hazard maps, is being used to make billions of dollars of new construction each
year safer from earthquakes.

The national seismic hazard maps are also used in the FEMA retrofit guidelines,
ensuring that older buildings are strengthened so that they withstand future earth-
quakes. These maps and associated products are also used in the design of highway
bridges, landfills under EPA regulation, and dams, as well as the setting of earth-
quake insurance premiums and the cost of re-insurance. The California Earthquake
Authority uses the seismic hazard maps for California, produced by USGS and the
California Division of Mines and Geology, to set earthquake premiums for the state
earthquake insurance program. Pension funds apply these maps, made under
NEHRP, to evaluate the risks to their portfolios of properties. Presidential executive
orders specify that new and leased federal buildings must adhere to the NEHRP
Recommended Provisions. The State of Oregon recently upgraded to seismic zone 4
along the southern part of its coast, largely based on hazard information presented
in USGS seismic hazard maps.

Another major advance in hazard assessment work occurred in the 1990’s when
USGS created formal field offices in Pasadena, Memphis, and Seattle. The purpose
of these field offices was to bring our scientists in direct contact with the regional
users of the results of our studies. Personnel at these field offices, and at our re-
gional center in Menlo Park, California, have been very successful in working with
local interests and creating products that will allow these interests to effectively and
efficiently address their earthquake risks.

Earthquake Monitoring and Notification. The USGS has also realized major im-
provements in its ability to provide timely and informative earthquake reports and
information. Twenty-five years ago basic earthquake data processing (location and
magnitude determination) was done by hand. Scientists made measurements on
paper seismograms with rulers and used slide rules to compute epicenters and mag-
nitudes. Earthquake notification was performed by individually dialed telephone
calls. It took at least an hour to develop the photographic paper that recorded the
seismic data, make the measurements, analyze the data, and make the phone calls.
This was the time required to process one earthquake! Today digital data flows from
hundreds of seismometers over dedicated communication links to regional and na-
tional data centers. At these centers computers that “read” the seismograms using
complex analysis programs process the data. Epicenters and magnitudes are gen-
erated automatically and instantaneously and the results are broadcast within sec-
onds.

The concepts underpinning the Advanced National Seismic System are allowing
USGS to capitalize on the revolution in information technology of recent decades to
achieve dramatic advances in real-time seismic data analysis and rapid earthquake
notification. The most noteworthy result of this is the “ShakeMap” product. Comple-
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menting ShakeMap is a suite of other real-time earthquake products such as earth-
quake paging and e-mail services, real-time earthquake location maps, automatic
Web pages for significant events, and aftershock probability estimators. Recently we
established a Web-based interface to provide Internet users with a means of record-
ing individual earthquakes experiences and compiling these into summary maps of
shaking intensity (“Did-You-Feel-1t?”). These additional products provide rapid, reli-
able, and comprehensive information about U.S. and worldwide earthquakes.

Understanding Earthquake Processes and Effects. Progress made in earthquake
hazard assessments during the past 25 years have their roots in pioneering USGS
field, laboratory, and theoretical research focused on understanding the basic phys-
ical processes of earthquakes. Key results include:

— Improved models of seismic energy attenuation as a function of distance
from an earthquake;

— Use of the Global Positioning System (GPS) to determine the rate at which
faults are being “loaded” (stressed) by the movement of tectonic plates that
make up the Earth’s outer shell;

— Discovery and documentation of large, prehistoric earthquakes through a
new field of study known as paleoseismology through identifying evidence of
past earthquakes in trenches dug across faults, in riverbanks, and from
drowned coastlines;

— Quantifying the effect of soils and near-surface conditions in amplifying
strong ground motion; and,

— Advances in earthquake forecasting through improved understanding of the
physics of fracture and friction of rocks in fault zones.

IMPROVING NEHRP

The USGS believes that, although the coordination between NEHRP agencies is
good, it could be substantially improved. Coordination between USGS and NSF on
NEHRP matters takes place more on a collegial basis, rather than being driven by
NEHRP; however, FEMA has recently taken steps to establish a Research Coordina-
tion Committee, which may improve the overall coordination. The USGS believes
that stronger direction to the overall NEHRP program would be constructive. Be-
cause of provisions in the last legislation authorizing NEHRP, USGS now benefits
from the advice and guidance of its Scientific Earthquake Studies Advisory Com-
mittee. This committee has proven invaluable in providing sound direction to our
NEHRP activities. The USGS suggests that a similar advisory body to the entire
NEHRP effort would provide the stimulus and guidance to ensure greater coordina-
tion, cooperation, and planning.

NEHRP CHALLENGES AND USGS PLANS

Although much has been accomplished under NEHRP, much work remains to be
done to ensure safety and reduce economic losses in future earthquakes. The coun-
try’s population and economy continue to grow in earthquake prone areas. Exposure
to earthquake risk continues to increase. Emergency officials, lifeline managers, the
news media, and the public expect immediate, reliable, and complete information on
the location, magnitude, impact, and effects of any and all earthquakes.

Earthquake hazard information used in model building codes is applied for public
safety only; that is to keep the structure from collapsing. The building may be a
total loss, but the inhabitants are expected to be safe. Financial and engineering in-
terests are now pursuing the more sophisticated, and more complicated, concept of
performance-based design. Under this concept, the structure is designed and con-
structed so that it will meet a desired performance level during and after an earth-
quake. For example, the owners and occupants of a structure housing a national cor-
porate headquarters may want it designed so that it will be completely functional
immediately after a strong earthquake. Performance based design concepts require
more extensive and complete data on the nature and variation of ground shaking
and building from earthquakes.

Going forward, USGS will continue to build on existing USGS earthquake moni-
toring, assessment, and research activities with the ultimate goal of providing the
Nation with earthquake products that promote earthquake mitigation and facilitate
earthquake response. At the heart of this effort will be a continued emphasis on de-
livering information that is useful, accessible, and easily understood. By working
closely with policy-makers and emergency planners, USGS will ensure that they
have the most reliable and accurate information possible about earthquake hazards
and that our products are tailored to their needs. The USGS will participate in local
and national earthquake mitigation planning exercises and help train emergency re-
sponders, contingency planners, risk managers, the media, and others in how to use
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earthquake hazard assessments and real-time information products. The USGS will
also continue to work directly with communities to help them understand their
vulnerabilities to earthquakes and to plan mitigation actions. Critical decisions for
earthquake preparedness and response, including continued corporate and govern-
ment operations, are often made far from areas of high seismic hazard. So that in-
formed and appropriate actions can be taken, USGS will continue to work to ensure
that earthquake hazard information and products are useful and familiar to deci-
sion-makers even in regions of low seismic hazard.

Advanced National Seismic System. The ANSS initiative is intended to contribute
to reducing loss of life and property in earthquakes through monitoring actual
ground shaking levels in urban areas and the dynamic performance of structures
and lifelines in earthquakes. ANSS is intended to collect this information through
a nationwide network of sophisticated shaking monitors, placed both on the ground
and in buildings in urban areas in seismically active regions. Under the ANSS ini-
tiative, USGS had added 400 new seismometers in urban areas and 18 new
seismometers to the regional networks it supports.

One component of ANSS is the instrumentation of buildings. To date, two build-
ings have been instrumented under the ANSS initiative. Currently, the spacing of
seismometers is not sufficient to correlate the ground shaking to the performance
of specific buildings. If hundreds of buildings in high-risk areas are instrumented
with seismometers, engineers can determine how specific types of buildings respond
to earthquake shaking. Although model building codes set earthquake resistant
standards for broad, general classes of structures (i.e., wood frame, residential) on
a generic soil type, these instruments will provide data about how more complicated
buildings (i.e., steel-moment frame and non-ductile concrete frame) buildings per-
form during earthquakes and how to design buildings that will perform well during
violent shaking.

The instrumentation of structures in seismically active areas provides engineers
with critical information they need to determine how buildings respond to earth-
quakes. This information includes:

— the coupling between the building foundation and the underlying soils;
— the role of torsion of columns in building shaking;

— the performance of commonly used systems such as shear walls combined
with a moment-frame structure; and,

— the ability of mathematical models to predict the performance of buildings
during strong shaking.

The closely spaced seismometers could also be used to identify areas of special en-
gineering problems, such as high amplification and focusing, that will require spe-
cial building design before the destructive earthquake occurs. This in turn will allow
identification of locations where seismic strengthening of buildings is needed the
most, ensuring the cost effectiveness of the mitigation.

A goal of ANSS is improved reliability, timeliness, and breadth of USGS real-time
earthquake products for emergency response purposes. ShakeMap, in particular, re-
quires access to a modern seismic network with digital strong motion recording ca-
pabilities and real-time telecommunications feeds. Few U.S. urban areas possess
this type of modern technology. For this reason, ShakeMap is currently only avail-
able in a handful of cities (Los Angeles, San Francisco, Seattle, and Salt Lake City).
We note that the instruments and automatic analysis systems being deployed and
developed within the ANSS effort can detect, locate, and determine the severity of
large, non-natural events that generate seismic energy, such as explosions and im-
pacts.

Earthquake Warnings. As the ANSS system develops, it will be technically pos-
sible, under some conditions, to issue warnings within a few tens of seconds of the
initiation of strong ground shaking. The seismic waves that carry strong shaking
travel at about two miles-per-second. If an earthquake occurs 100 miles outside of
an urban area, data from ANSS sensors near the epicenter can immediately be
transmitted over robust communication links to a data analysis center. Here the
data can be analyzed automatically to determine that a strong earthquake has oc-
curred. This could be done within a few seconds. A warning could then be issued
via radio to the urban area that strong earthquake shaking is imminent. The warn-
ing would give school children time to get under their desks, allow surgeons time
safely pause their procedures (if possible), and provide time to suspend the pumping
of toxic materials and other hazardous activities. The USGS is taking the lead in
demonstrating this capability; however its implementation must be done in coopera-
tion with local and regional governments.
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Integrating essential data for expanded urban hazard assessments. Most current
USGS earthquake hazard assessments are compiled on regional or national scales.
These estimates typically are limited to calculating hazards on hard rock conditions
as opposed to the actual soil conditions beneath cities and lifelines. At scales needed
for urban planning and development, assessments need to account for the ampli-
fying effects of soils and the potential for ground failures, such as liquefaction and
landslides.

USGS pilot urban assessments in Oakland, Seattle, and Memphis have shown the
usefulness of detailed urban assessments. Central to this effort will be the integra-
tion of data on local geology, site conditions, and ground motions needed to produce
detailed urban hazard maps. These data integration efforts will require partner-
ships with state geological surveys and local agencies. As these hazard assessments
evolve, they will allow estimates of potential earthquake losses to building stocks
and critical lifelines. This is one of the keys to developing cost effective mitigation
strategies to reduce future earthquake losses.

Earthquake Hazards in the Eastern United States. The USGS earthquake pro-
gram devotes approximately 75 percent of its resources to work in the Western
United States, primarily because the hazard there is greater. However, history dem-
onstrates that a catastrophic quake could also strike a major city in the Eastern
United States. Four damaging earthquakes with magnitudes greater than 7 cen-
tered in the New Madrid, Missouri, area struck the Mississippi Valley in 1811-1812.
Charleston, South Carolina, was devastated by a magnitude 6.7 shock in1886, and
a magnitude 6.0 quake struck the Boston area in 1755.

USGS studies show that urban areas in the Eastern United States will incur far
greater damage and far more deaths in a quake of a given magnitude than those
in the West for several reasons: (1) for the same magnitude earthquake, shaking
affects a much larger area, (2) most structures are not designed to resist earth-
quakes, and (3) population density is high and residents are not routinely educated
about seismic safety.

USGS is developing the methods and understanding that could improve our un-
derstanding of the earthquake hazard in the East, where the causative earthquake
faults are rarely exposed at the surface and the subsurface conditions beneath major
cities are poorly documented. More thorough and accurate assessment of the seismic
risk faced by major urban centers in the East will reveal the greatest vulnerabilities
and serve as key input to evaluate possible mitigation strategies.

Earthquake Hazards in Alaska. Alaska has the greatest exposure to earthquake
hazard of any state. Because of the relatively small urban population, many assume
the risk is low compared to the rest of the country. However, the impact of a dev-
astating earthquake in Alaska can extend far beyond its borders, both by generating
deadly tsunamis and through economic consequences. Alaska is a major source of
natural resources for the rest of the Nation, a major transportation and commercial
node of the Pacific Rim being the 5th busiest air cargo airport in the world, and
of significant importance to national defense.

Capitalizing on new national facilities. As described in the 2003 National Re-
search Council report, Living on an Active Earth: Perspectives on Earthquake
Science, continued progress toward evaluating earthquake hazards will increasingly
require integrative, physics-based research involving theoretical studies of processes
controlling earthquake phenomena, sophisticated numerical modeling, in situ,
ground-based, and space-based field observations, and laboratory simulations. Re-
search, data collection, and monitoring facilities developed during the first 25 years
of NEHRP are aging and becoming obsolete. Recent and proposed U.S. government
investments in a number of major earth science and engineering facilities (e.g.,
ANSS, the NSF-coordinated EarthScope initiative—including the Plate Boundary
Observatory, USArray, and the San Andreas Fault Observatory at Depth, the
George E. Brown, Jr. Network for Earthquake Engineering Simulation (NEES), and
a future interferometric synthetic aperture radar (InSAR) satellite mission) offer, for
the first time, the breadth and depth of data required to truly address the physical
nature of earthquakes.

The USGS will take advantage of these new data streams to perform earthquake
hazard focused experiments on scales never before possible. To improve long-term
hazard assessments, USGS will also create region specific earthquake occurrence
models that simulate the multiple factors operating in active fault systems. A major
goal will be to understand the criteria for the occurrence of earthquakes within a
fault system and the impact of one quake on the system through the many processes
that transfer stresses. To determine if earthquakes are predictable, USGS will build
models of earthquake likelihood, akin to weather forecast models.

Earthquake Prediction. Reliable prediction of the time, place, and magnitude of
future earthquake is the “holy grail” of earthquake science. The USGS spent consid-
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erable effort on earthquake prediction during the early days of NEHRP (1978-1990).
After strong efforts and at least one dramatic failure, based mostly on a phenomeno-
logical approach, USGS concluded that earthquake prediction would not be possible
without a foundation based on a complete understanding of earthquake physics and
processes. During the past decade, we have seen considerable progress in the under-
standing of earthquake processes. This progress in understanding could contribute
to advancing reliable earthquake prediction. But, in order to do so, it would be nec-
essary to review the current state of knowledge, identify the scientific problems that
should be addressed, and develop a strategy to address these issues.

CONCLUSION

After 25 years of NEHRP, USGS has become a world scientific leader in seismic
hazard studies. In implementing the results of these studies to mitigate the effects
of earthquakes, USGS has actively collaborated with state geologic surveys, emer-
gency response officials, earthquake engineers, local government, and the public.
This has resulted in dramatic improvement in building safety and earthquake re-
sponse in the United States. But there is still much to be done. By integrating
USGS earthquake information with data from new national initiatives, such as
ANSS, USGS will be able to develop a new generation of effective and efficient
earthquake hazard assessment and mitigation tools. These tools will be used to fur-
ther reduce losses of life and property in the future earthquakes that are certain
to strike our nation’s seismically hazardous regions.

Thank you, Mr. Chairman, for the opportunity to submit this statement.

BIOGRAPHY FOR CHARLES G. GROAT

On November 13, 1998, Dr. Charles G. Groat became the 13th Director of the U.S.
Geological Survey, U.S. Department of the Interior.

Groat is a distinguished professional in the earth science community with over
25 years of direct involvement in geological studies, energy and minerals resource
assessment, ground-water occurrence and protection, geomorphic processes and
landform evolution in desert areas, and coastal studies. From May to November
1998, hie served as Associate Vice President for Research and Sponsored Projects
at the University of Texas at El Paso, following three years as Director of the Cen-
ter for Environmental Resource Management. He was also Director of the Univer-
sity’s Environmental Science and Engineering Ph.D. Program and a Professor of Ge-
ological Sciences.

Prior to joining the University of Texas, Dr. Groat served asp Executive Director
(1992-95) at the Center for Coastal, Energy, and Environmental Resources, at Lou-
isiana State University. He was Executive Director (1990-92) for the American Geo-
logical Institute. From 1983-88, he served as assistant to the Secretary of the Lou-
isiana Department of Natural Resources, where he administered the Coastal Zone
Management Program, and the Coastal Protection Program.

From 1978-1990, Dr. Groat held positions at Louisiana State University and the
Louisiana Department of Natural Resources which included serving as professor for
the Department of Geology and Geophysics, and as Director and State Geologist for
the Louisiana Geological Survey. He also served as associate professor (1976-78) at
the University of Texas at Austin, in the Department of Geological Sciences, and
as Associate Director and Acting Director of the Bureau of Economic Geology.

Dr. Groat received a Bachelor of Arts degree in Geology (1962) from the Univer-
sity of Rochester, a Master of Science in Geology (1967) from the University of Mas-
sachusetts, and a Ph.D. in Geology (1970) from the University of Texas at Austin.

Among his many professional affiliations, Groat is a member of the Geological So-
ciety of America, American Association for the Advancement of Science, American
Geophysical Union, and the American Association of Petroleum Geologist. He has
also served on over a dozen earth science boards and committees and has, authored
and contributed to numerous publications and articles on major issues involving
earth resources and the environment.

Dr. Charles G. Groat was born in Westfield, New York, March 25, 1940. He cur-
gently resides in Reston, Virginia, with his wife, Barbara. He has two grown chil-

ren.
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PREPARED STATEMENT OF PRISCILLA P. NELSON
SENIOR ADVISOR, DIRECTORATE FOR ENGINEERING,
NATIONAL SCIENCE FOUNDATION

Introduction
Mr. Chairman and distinguished Members of the Subcommittee:

I appreciate the opportunity to submit this testimony from the National Science
Foundation (NSF) concerning the Subcommittee’s reauthorization of the National
Earthquake Hazards Reduction Program (NEHRP). NEHRP was established in
1977 and operates as an effective multi-agency partnership; NSF is privileged to
serve as a NEHRP agency. We are confident that NEHRP—in collaboration with
other federal agencies, local and state governments, colleges and universities, and
private sector organizations throughout the country—will continue to take crucial
steps toward meeting the challenge of reducing deaths, injuries and property dam-
age caused by earthquakes in the years to come.

In order to provide context for the NSF involvement in NEHRP, let me first dis-
cuss the broader NSF mission in order to place in context my extended discussion
of the role of NSF in the NEHRP partnership.

The NSF Mission

Recent years have seen acceleration in rates of change in society and in the world
at large. In this era of dynamic change, in which science and technology play an
increasingly central role, NSF has remained steadfast in pursuit of its mission: to
support science and engineering research and education for the advancement of the
Nation’s well being. Knowledge is our strongest insurance for preparedness. The
Foundation is that main source of funding for the growth in fundamental scientific
knowledge and, at the colleges and universities funded by NSF, scientists and engi-
neers are working to provide more effective predictions and to discover ever more
effective approaches to prevention and amelioration.

The perspective of each NEHRP agency is critical to creating a complete picture
of the Nation’s vulnerability to earthquakes—an understanding that leads to effec-
tive mitigation and hazard reduction. Collectively, we cover the spectrum from nat-
ural and social sciences to engineering, from discovery to implementation, from re-
sponse to mitigation. With the vulnerability of the Nation to natural hazards grow-
ing increasingly complex, we need an integrated, multi-agency perspective to make
significant progress.

Role of NSF in NEHRP

NSF supports research and educational activities in many disciplines, and this is
reflected in our role within NEHRP. Our role complements the responsibilities as-
signed to our principal partners in the program: the Federal Emergency Manage-
ment Agency (FEMA), the U.S. Geological Survey (USGS), and the National Insti-
tute of Standards and Technology (NIST). NSF is involved in continuing strategic
planning with the other NEHRP agencies in order to further interagency coordina-
tion and integration.

Legislation authorizing NEHRP called for NSF to support studies in the earth
sciences, earthquake engineering, and the social sciences. Since 1977, NSF invest-
ments have supported growth of vibrant hazards-related research communities in
engineering, geosciences, and in the social sciences. Leadership from the engineering
research community has been important to technology transfer of research outcomes
into practice and into improvements in codes and standards. NSF’s investments in
center-based research (the Earthquake Engineering Research Centers—EERCs, and
the Southern California Earthquake Center—SCEC) have been very important for
the integration of social sciences into engineering and geoscience research questions,
and NSF’s investments in IRIS (Incorporated Research Institutions for Seismology)
have resulted in an effective global network for seismic monitoring. The EERCs are
recognized for global leadership in the development of new concepts of performance
based earthquake engineering (PBEE), and consequence-based approaches to under-
standing the performance and vulnerability of complex infrastructure systems.
NSF’s centers programs provide very useful institutional arrangements for con-
ducting complex holistic research, and this tradition will be carried into the George
E. Brown, Jr. Network for Earthquake Engineering Simulation (NEES) project as
it becomes fully operational at the end of FY 2004.

During 2002, NSF supported the Earthquake Engineering Research Institute
(EERI) to develop a long-term research and education plan to advance the state-of-
the-art and the state-of-the-practice in earthquake engineering and earthquake loss
reduction. The result is a comprehensive, community-held vision that includes buy-
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in from all sectors and disciplines including academics, practicing engineers and
geoscientists, social scientists, and government employees and regulators. The plan
takes advantage of opportunities presented by high performance computing, infor-
mation systems, simulation and visualization. Integral to the outcome is the com-
mitment by EERI to maintain and update this vision, and to coordinate with other
kindred organizations and programs including the Advanced National Seismic Sys-
tem (ANSS, a project of the USGS) and the NEHRP agencies.

Earthquake and hazards-related research and educational activities are supported
in many of the programs at NSF, including particular contributions from the Social,
Behavioral, and Economic Sciences (SBE), the Geosciences (GEO) and the Engineer-
ing (ENG) Directorates. Fundamental seismic research is funded in GEO, while
ENG supports fundamental earthquake engineering. Social science research related
to earthquake hazard mitigation and preparedness is supported through the SBE
and ENG Directorates. Significant progress continues to be made in these programs
in understanding plate tectonics and earthquake processes, geotechnical and struc-
tural engineering, and the social and economic aspects of earthquake hazard reduc-
tion.

In addition to the four NEHRP-funded earthquake centers, numerous individual
investigator and small group projects related to earthquakes are also supported by
NSF. Other NEHRP-related NSF activities include programs involving earthquake
research facilities, post-earthquake investigations, international cooperation, and in-
formation dissemination. In the remainder of this testimony, recent highlights of
such activities will be discussed briefly.

Research Facilities

NEHRP legislation has reinforced NSF’s own expectations regarding the impor-
tant role for NSF to ensure that U.S. researchers have the required facilities to con-
duct cutting-edge research well into the next century.

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

Previous NEHRP legislation called for NSF, in collaboration with the other
NEHRP partners, to develop a comprehensive plan for modernizing and integrating
experimental earthquake engineering research facilities in the U.S. That plan was
completed and implemented as an NSF Major Research Equipment and Facilities
Construction project—the George E. Brown, Jr. Network for Earthquake Engineer-
ing Simulation (NEES). In 1999, the NEES project was authorized for NEES con-
struction between FY 2000 and FY 2004. The FY 2004 budget request includes the
final increment of $8.0 million for completion of this $81.8 million project.

NEES will be a networked simulation resource of fifteen geographically-distrib-
uted, shared use next-generation experimental research equipment sites. The NEES
sites were identified through peer-reviewed proposal competitions and include facili-
ties under construction in California, Colorado, Illinois, Minnesota, Nevada, New
York, Oregon, Pennsylvania, Texas and Utah.

The NEES experimental capabilities will lead to new tools for modeling, simula-
tion, and visualization of site, structural, and nonstructural response to earthquakes
and tsunami effects. NEES will provide an unprecedented engineering capability for
attacking major earthquake problems with coordinated multi-organizational teams,
producing convincing results that can be adopted into building codes and engineer-
ing practice.

o NEES experimental research equipment, located at U.S. universities or off-
campus field sites, includes shake tables, geotechnical centrifuges, a tsunami
wave basin, large-scale laboratory experimentation systems, and field experi-
mentation and monitoring installations.

e The NEES network links nation-wide users and equipment sites through a

high performance Internet system that will include web-based collaborative

tools, data and simulation software repositories. The NEES network also pro-
vides access to leading edge compute resources.

Through the network, researchers can remotely interact with each other and

with their experimental and simulation tools via “telepresence” tools.

NEES will also serve as a major educational tool. Undergraduate and graduate
students throughout the U.S. will be able to access the network for data, informa-
tion, and course material as well as to participate in various experiments. Involve-
ment with NEES will also enable students to sharpen skills in utilizing modern in-
formation technology tools and resources. These learning opportunities could be
made available for pre-college students as well as college students, ushering in an
unprecedented appreciation for earthquake problems and a new age for earthquake
engineering education.
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Proposal competitions for all equipment sites and the NEES Internet-based net-
work were completed by FY 2002. All awards are by cooperative agreement and all
projects are on schedule and at budget. The sites and the network will be oper-
ational by September 30, 2004. Internet sites for NEES are established as http:/
www.nees.org for the sites and the overall project, and http:/www.neesgrid.org for
the network.

From FY 2005, the NEES network and facilities will be maintained and operated
by the NEES Consortium. The NEES Consortium will provide the leadership, man-
agement, and coordination for all the NEES shared-use resources. The NEES Con-
sortium was incorporated on January 31, 2003 and already has more than 250
members in the short 8 weeks since its formation.

The NEES experimental capabilities will lead to new tools for modeling, simula-
tion, and visualization of site, structural, and nonstructural response to earthquakes
and tsunami effects. NEES will provide an unprecedented engineering capability for
attacking major earthquake problems with coordinated multi-organizational teams,
producing convincing results that can be adopted into building codes and engineer-
ing practice. NEES experimental resources and data are expected to be used annu-
ally by approximately 1,000 U.S. researchers and students, and the Consortium is
expected to develop as a broad and integrated partnership in earthquake engineer-
ing community, both within the U.S. and abroad, as equipment sites around the
world join the NEES network.

We expect NEES to lead to a new age in earthquake engineering research and
education. It should be well worth the large investment. We look forward to keeping
the Subcommittee informed about its development.

EarthScope

Progress in earthquake prediction and hazard mitigation is critically dependent
on results of studies that probe fundamental earthquake processes. Knowledge of re-
gional tectonic conditions enables geophysicists to establish the long-term level of
earthquake hazards. Understanding stress accumulation provides the basis for iden-
tifying and interpreting earthquake processes. Knowledge of the rupture process,
particularly the effects of the local geology on ruptures, provides the basis for esti-
mates of ground shaking. The compelling need for such knowledge has led to the
development of the EarthScope project, first authorized and funded in FY 2003.

EarthScope is also an MREFC project, developed with partnership from USGS
and NASA. EarthScope will apply modern observational, analytical, and tele-
communications technologies to investigate the long-term structure and evolution of
the North American continent and the physical processes controlling earthquakes
and volcanic eruptions. When fully deployed, EarthScope’s components will include
modern digital seismic arrays, global positioning satellite receivers, strainmeters
and new satellite radar imagery, and an observatory deep within the San Andreas
Fault.

The need for knowledge about earthquake processes also explains the intellectual
support at NSF for the USGS project—the Advanced National Seismic System
(ANSS). ANSS is a permanent national network of shaking measurement systems
that will make it possible to provide emergency response personnel with real-time
earthquake information, provide engineers with information about building and site
response, and provide scientists with high-quality data to understand earthquake
processes and solid earth structure and dynamics. ANSS includes a strong emphasis
on urban areas and the response of buildings to shaking. Discussions are underway
to link the ANSS resource with EarthScope, NEES and the NSF research programs.

NSF expects strong synergy among EarthScope, ANSS and the NEES network,
and we will be sure to keep the Subcommittee informed about their progress.

Incorporated Research Institutions for Seismology (IRIS)

In 1984, the seismological community created the IRIS initiative: the Incorporated
Research Institutions for Seismology. The IRIS constituency, now at 100 members,
includes virtually all U.S. universities with research programs in seismology, plus
44 foreign affiliates. Through IRIS, NSF supports two instrumentation programs
that are needed for seismology to take advantage of the many advances in instru-
mentation and computer technology that have taken place: a permanent network—
the Global Seismographic Network (GSN)—in cooperation with USGS; and a port-
able seismic array—the Program for Array Seismic Studies of the Continental
Lithosphere (PASSCAL).

The GSN plan for 120 stations evenly placed throughout the world has been es-
sentially completed. The past two years have seen a number of accomplishments.
Use of the GSN seismometers in a rapid analysis of damaging earthquakes has been
invaluable. Attention is now being directed toward the much more difficult job of
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instrumenting the large gaps in the network consisting of the major ocean basins
of the world. The IRIS GSN is a founding member of the Federation of Digital Seis-
mographic Networks (FDSN). Other participating networks include Canada, Ger-
many, the French Geoscope, Italy’s Mednet, and Japan’s Poseidon. FDSN stations
worldwide now total about 180.

The PASSCAL plan is for a portable array of 1000 seismic instruments for de-
tailed study of the lithosphere and rapid response to monitor earthquake occurrence
or possible earthquake precursors. The PASSCAL Instrument Center is at the Uni-
versity of New Mexico. 600 PASSCAL instruments are now available for fieldwork
and they are being used in a number of projects in the U.S. and throughout the
world.

The IRIS Data Management Center (DMC) was developed to handle the extremely
large volume of digital data that is generated, stored, and accessed by the seismo-
logical community. Data is provided through Data Collection Centers in Albu-
querque and San Diego to the data archive/mass store in Seattle. Users have net-
work access to the archive and to IRIS headquarters for more general information
services. All FDSN data, from 180 stations worldwide, and all PASSCAL project
data are available at the DMC, which serves as the first FDSN archive for contin-
uous data. Over 14 terabytes were stored in the DMC at the end of 2002 and it con-
tinues to grow at about 3 terabytes per year. A measure of the success of IRIS’s
effort is the remarkable number of investigators making use of DMC data. In 2002,
there were more than 45,000 data requests serviced by the DMC for seismic data.

Global Positioning Systems

NSF has supported development of several GPS networks. The NSF- and USGS-
funded Southern California Earthquake Center (SCEC) has provided the impetus
for the development of a large-scale permanent GPS geodetic array in southern Cali-
fornia focused on earthquake hazard assessment—a new and ambitious concept for
the use of GPS technology. SCEC organized the southern California geodetic com-
munity through establishment of the Southern California Integrated GPS Network
(SCIGN). SCIGN brings together networks and GPS expertise at UC-San Diego,
UCLA, MIT, USGS and JPL/NASA. Funding is garnered from many sources, with
an implementation plan developed by the SCIGN Steering Committee used to guide
resource allocation. The permanent array is now complete at 250 stations.

PANGA is an 18-station permanent GPS network installed in the Pacific North-
west with support of NSF and the Canadian Geological Survey in collaboration with
the Central Washington University, University of Washington, and Oregon State
University.

The University NAVSTAR Consortium (UNAVCO) has become UNAVCO, Inc., a
non-profit membership-governed organization that supports and promotes Earth
science by advancing high-precision geodetic and strain techniques such as the Glob-
al Positioning System (GPS). UNAVCO, Inc. was formed in response to community
support of its role as lead organization for community-based planning and manage-
ment of new initiatives such as the EarthScope Plate Boundary Observatory (PBO),
by establishing corporate oversight, and through the already-established community
workshops and working groups.

NSF supports separately a number of investigations utilizing the UNAVCO GPS
equipment in crustal distortion areas that are prime candidates for future earth-
quakes. Seismically active areas occupied to date within or near the U.S. include
California, New England, the Caribbean, Colorado, Hawaii, Wyoming, and Montana.
Outside the U.S., important distortion areas in Turkey, Iceland, Greenland, Asia,
and South America are being monitored.

NSF Research Centers

Southern California Earthquake Center (SCEC)

The Southern California Earthquake Center (SCEC) was founded in 1991 as an
NSF Science and Technology Center, and continues under support from NSF and
the USGS. The SCEC headquarters are at the University of Southern California,
and the Center includes eight core university partners. Other universities, state and
local governments, and private companies are participating in the research and out-
reach activities. The primary science goal of SCEC is to develop a comprehensive,
physics-based understanding of earthquake phenomena in southern California
through integrative, multidisciplinary studies of plate-boundary tectonics, active
fault systems, fault-zone processes, dynamics of fault ruptures, ground motions, and
seismic hazard analysis.
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Earthquake Engineering Research Centers (EERCs)

NSF funded three new earthquake engineering research centers (EERCs) in Octo-
ber 1997. Each EERC is a consortium of several academic institutions—with an ad-
ministrative headquarters at a designated campus—involved in multidisciplinary
team research, educational and outreaches activities. The EERCs are combining re-
search across the disciplines of the earth sciences, earthquake engineering, and the
%(Eﬁksciences, and some of the research conducted at the EERC’s is funded by

The Mid-America Earthquake Center (MAE) is headquartered at the University
of Illinois at Urbana-Champaign. MAE’s mission is to reduce losses across societal
systems through the development of consequence-based engineering approaches that
are founded on advanced technologies for characterizing seismic hazards and the re-
sponse of the built environment.

The Multi-disciplinary Center for Earthquake Engineering Research (MCEER)
has its headquarters at the State University of New York at Buffalo. MCEER’s vi-
sion is to help establish earthquake resilient communities and its mission to dis-
cover, nurture, develop, promote, help implement, and, in some instances pilot test,
innovative measures and advanced and emerging technologies to reduce losses in fu-
ture earthquakes in a cost-effective manner. MCEER places significant emphasis on
the seismic response of networks and critical facilities.

With its administrative headquarters at the University of California at Berkeley,
the Pacific Earthquake Engineering Research Center (PEER) focuses on earthquake
problems in areas west of the Rocky Mountains. The main focus for the PEER Cen-
ter is performance-based earthquake engineering (PBEE) that includes socio-eco-
nomic evaluation of whether the seismic performance is cost-effective and suitable
to the owner and society.

The three EERCs are not involved only in research and technology advancement
for the mitigation of earthquake damages. In order to meet the needs of future pro-
fessionals in the field, they are educating hundreds of undergraduate and graduate
students in the latest analytical, computational and experimental techniques. They
also reach out to K-12 students to inspire even younger generations in earthquake
engineering: An example is PEER’s “Learning with LEGO” Program, which brings
annually over 500 K-12 students from socio-economically disadvantaged areas to
the campus for an open house and shake-table demonstration.

The EERCs also engage in a variety of outreach activities to the public. Keeping
the public abreast of scientific and technological advancements is a continual activ-
ity, essential to better understanding of natural hazards, policy issues, and disaster
mitigation as it applies to the individual.

o MCEER has worked with the Discovery Channel to develop three programs
related to earthquakes.

o The PEER Center worked with the California Academy of Sciences to develop
the Academy’s Earthquakes! Exhibit, which is visited by over one million peo-
ple annually, and focuses on earthquake preparedness and safety.

Post-Earthquake Investigations

In the wake of the terrorist attacks of September 11, NSF funded quick response
research awards that mobilized more than 50 faculty and students to begin the proc-
ess of observing, recording, and evaluating the impact on the public, the structures,
and the organizations involved in response. The National Hazard Research Applica-
tion and Information Center (NHRAIC) at the University of Colorado at Boulder—
a Center funded through NSF with contributions from many federal agencies includ-
ing FEMA and USGS—coordinated much of the social science research, and the
NSF-funded Institute for Civil Infrastructure Systems (ICIS, Attp:/ /www.nyu.edu/
icis) provided on-site facilitation and coordination for researchers arriving at the
WTC site. It is the mission of ICIS, in addition to its location, that rendered it ideal
for coordinating the NSF sponsored research: to focus on developing resources and
networks to sustain, renew, and improve the Nation’s infrastructure system by inte-
grating different perspectives and disciplines into infrastructure planning, engaging
users and communities that host infrastructure services and facilities.

In large part, the reason that NSF could move so fast following the events of 9/
11 was that there had been so much practice in multi-agency coordinated post-dis-
aster investigations following major earthquakes in the United States and abroad.
Areas struck by major earthquakes represent natural laboratories, offering unusual
opportunities to collect time-sensitive information and to learn vital lessons about
earthquake impacts. This data importantly serves to test models and techniques de-
rived from analytical, computational and experimental studies, and to observe and
document effects on the natural and built environment and resulting social, eco-
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nomic, and policy impacts. For these reasons and for nearly 30 years, NSF has sup-
ported post-disaster investigations in conjunction with the Earthquake Engineering
Research Institute (EERI) “Learning from Earthquakes” (LFE) project. The post-
earthquake investigations involve quick-response teams of researchers, deployed
with close coordination to USGS and other NEHRP agency activities. Recent events
investigated with NSF support include: the 2001 earthquakes in Nisqually, Wash-
ington; Peru; India; the 2002 earthquakes in Italy; El Salvador, and Alaska; and the
2003 earthquake in Colima, Mexico.

The three EERCs are also active in post-earthquake reconnaissance. The Centers
initiated their program following the success of the previous MAE Center initiative
in sending students to areas around the world hit by earthquakes. Four MAE appli-
cants traveled to Taiwan to engage in a hands-on field assessment exercise. For fu-
ture events, plans call for a group of EERC faculty and 12 graduate students to
spend 10 days visiting earthquake sites to complete hands-on field assessment exer-
cises. Also, MCEER’s expertise in earthquake reconnaissance was used to collect
and disseminate perishable data in the aftermath of the 9/11 attack for later study
to gain a better understanding of how resilience is achieved in physical, engineered
and organizational systems.

International Collaborative Earthquake Research

The National Science Foundation aims at nothing less than U.S. world leadership
in science, engineering, and technology. Earthquakes are a global hazard. Many
countries find collaborative research and the sharing of information essential in
meeting this challenge and the U.S. is no exception. Like the other NEHRP agen-
cies, NSF has a long history of cooperating with other countries—such as China,
Mexico, Italy and Japan—facing similar seismic risks. There have been some recent
developments that serve as excellent examples of how NSF’s efforts enable U.S.
earthquake researchers to collaborate effectively with international colleagues.

Following the 1999 earthquakes in Izmit, Turkey, and Chi-Chi, Taiwan, NSF
made awards to 23 U.S. research teams, each involving collaborators in Turkey and/
or Taiwan. In 2002, researchers from the U.S. and other countries gathered in Tur-
key for a workshop on continuing research needs and opportunities. The research
outcomes from this program are providing much needed data on strong ground mo-
tion near fault ruptures and attenuation of ground motion with distance from the
causative fault. The vast number of recording stations, especially in Taiwan, and the
similarity between fault systems in the Western U.S. and those in Turkey and Tai-
wan will greatly aid seismic code development in the United States. The data base
to address the required set-back distances from faults, ground motion estimates
close to faults, and similar questions will increase by more than ten times due to
the results of research on the Turkey and Taiwan earthquakes.

The response of modern high-rise structures designed under Turkish and Tai-
wanese codes that are very similar to codes in the United States has been docu-
mented through this research, as have the effects of construction quality, code en-
forcement and specific seismic design. This will directly lead to better design and
construction techniques to minimize damage from earthquake loading. In addition,
a very important determining factor in loss of life and property during earthquakes
is the level of preparedness of individuals, companies, national and international in-
stitutions and government agencies prior to the earthquake. Several research
projects addressed these issues, and information gathered has proven to be invalu-
able to emergency planners in the United States.

Individual researchers also engage in international collaboration. For example, an
NSF award to Rensselaer Polytechnic Institute and the University of California at
San Diego includes a significant international component. The researchers will com-
plete experimental studies on the effect of earthquake-induced lateral ground
spreading due to liquefaction on pile foundations, both in full size and centrifuge
model conditions. The research will take advantage of the NEES experimental facili-
ties in the United States, and facilities operated by the National Research Institute
for Earth Science and Disaster Prevention (NIED) in Japan, including the world’s
largest shake table (156m by 20m) at Miki City. This research constitutes the first
opportunity for direct comparison of results in controlled experimental environments
between centrifuge and full size tests to be conducted at NIED. The NEES network
will be used both during experiment conduct and collaborative development of engi-
neering interpretations and computer simulations.

NEHRP, Agency Coordination, and the Future

The results of NSF research are carried forward into implementation through the
involvement of the researchers themselves in professional organizations, and
through activities managed by our three sister agencies. In this respect, NSF fund-
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ing enables a knowledgeable research community to be prepared to answer ques-
tions posed by seismic events themselves, and by observations of the performance
of the built environment and socio-political systems during and after earthquake
events. NSF-funded research enables changes warranted in engineering practice,
and enhances understanding and assessment of risks and uncertainties in natural,
physical, and social environments.

NSF-funded fundamental research in base isolation devices was taken up by NIST
where methods of test for these systems and provisions for design were developed.
NIST’s contributions made it possible for the engineering profession to include base
isolation in design of new structures and seismic upgrades, and FEMA funds were
instrumental in making the early applications of base isolation systems possible. In
a similar sequence of knowledge transfer and implementation, NSF-funded research
on geographic distributions of hazards, liquefaction potential and ground instability
have directly fed into microzonation assessments and the USGS-produced
ShakeMaps. These maps are, in turn, used in HAZUS (HAZards United States), a
GIS-based (Geographic Information Systems) technology that FEMA developed and
that allows users to compute estimates of damage and losses that could result from
an earthquake.

The future is bright for the NEHRP agencies, and recent actions have been taken
that will enhance coordination of plans and efforts:

e FEMA has set up a Subcommittee on Research that is chartered to identify
synergies among research and development programs and to identify ways ex-
isting programs can work together more effectively; including enhances link-
ag((elsl\lcl)g%ween ANSS, NEES, EarthScope and the research programs at USGS
an .

Under USGS leadership, the NEHRP agencies have worked during FY 2002
to create a “Plan to Coordinate NEHRP Post-Earthquake Investigations” that
establishes how the agencies will coordinate and share information in the
event of a significant national or international earthquake. In FY 2003, the
agencies are working to modify this plan to provide clarity concerning how
the agencies will interact if/fwhen NIST declares an NCSTA (National Con-
struction Safety Team Act) investigation following an earthquake.

o The NEHRP agencies have the challenge to continue evaluation and updating
of the strategic plan, and to maintain the strong ties with stakeholders that
were so important to the success in creating the original plan in FY 2001.

e The NEHRP agencies also have the challenge to develop an all-agency Inter-
net portal for dissemination of information about research opportunities and
outcomes, news releases, plans and activities in a form that can be easily
accessed by the research community, government organizations, and the pub-
lic at large.

The new research plan of EERI that lays out a road map for research and tech-
nology transfer, and with the end of construction for NEES in FY 2004 and the start
of grand challenge research projects using this network and equipment, the initi-
ation of the EarthScope project, continued development of ANSS, and with the co-
ordinated NEHRP post-event response plan in-place—NEHRP is poised to accom-
plish great things.

Mr. Chairman, thank you again for the opportunity to present this testimony.
NSF is very excited about what NEHRP has been able to accomplish in the past,
and what we expect will be possible to achieve in the future.
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Introduction

As a representative of one of the four primary federal agencies that comprise the
National Earthquake Hazards Reduction Program (NEHRP), I congratulate the
earthquake community and our three partners—the Federal Emergency Manage-
ment Agency as lead, the United States Geological Survey, and the National Science
Foundation—as we celebrate the 25th anniversary of the founding of NEHRP.

NEHRP has been an extraordinary, and often exemplary, collaboration between
federal agencies, State and local governments, and the private sector.

During its first 25 years, NEHRP has contributed in very significant ways to re-
duce our nation’s vulnerability to earthquakes and NIST is proud to have been a
part of that record of accomplishment.

While it is difficult to quantify loss prevention through the adoption of improved
mitigation practices, and such measures are very much needed, there is no doubt
that NEHRP products and results have contributed in significant ways to reduce the
loss of life and economic losses from earthquakes. In addition, the loss of life from
earthquakes in the United States has been small compared with similar earth-
quakes in other countries.

My testimony traces how NIST has contributed to the success of NEHRP. It also
reflects upon the broader public safety challenges the Nation now faces and how
NEHRP can contribute to meeting those challenges.

Earthquakes and Creation of NEHRP

Earthquakes are among the most frightening and devastating natural disasters.
They strike virtually without warning, last only seconds, but can leave death and
destruction in their wake.

Seventy-five million Americans in 39 states face significant risk from earth-
quakes. On an annualized basis, earthquake losses amount to about $4 billion a
year, while a single earthquake has a loss potential of $100 billion or more.

For example, the 1971 San Fernando earthquake in California killed 65 people
and caused $500 million in damage. The 1994 Northridge earthquake caused losses
in excess of $40 billion, with $15 billion in insured property losses alone.

The San Fernando earthquake led Congress to pass the Earthquake Hazards Re-
duction Act of 1977 to “reduce the risks of life and property from future earthquakes
in the United States through the establishment and maintenance of an effective
earthquake hazards reduction program.” Pursuant to the Act, the Executive Office
of the President developed the National Earthquake Hazards Reduction Program
and issued a program plan in June 1978.

Pre-NEHRP Efforts

Prior to the creation of NEHRP, NIST and many other government, private-sector
organizations and universities were conducting research on ways to improve the
seismic design of constructed facilities.

NIST began work in earthquake hazards reduction with its organization in 1969
of the U.S.-Japan Panel on Wind and Seismic Effects under the U.S.-Japan Program
in Natural Resources. This successful bilateral program continues to this day, with
the 35th annual meeting slated to be held next May.

NIST work also included its significant investigation of the performance of struc-
tures in the 1971 San Fernando, California, earthquake.

Also, in 1972, the Applied Technology Council, an organization created by the
Structural Engineers Association of California, called for a cooperative effort of prac-
tice, research, and government to produce up-to-date seismic design and construc-
tion provisions. A subsequent ATC study completed in 1978 produced design provi-
sions that were a significant advance on existing provisions.

Role Assigned for NIST in NEHRP

NIST was a natural part of NEHRP because of its long-time role in providing
measurements, standards, and technology to help Federal, State, and local govern-
ment agencies and the private sector protect the Nation and its citizens from nat-
ural as well as manmade threats.

As part of NEHRP, NIST took on three assignments:
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e First, to develop seismic design and construction standards for consideration
and subsequent adoption in federal construction, and encourage the adoption
of improved seismic provisions in State and local building codes;

e Second, to assist and cooperate with federal, State, and local agencies, re-
search and professional organizations, model code groups and others that are
involved in developing, testing, and improving seismic design and construc-
tion provisions to be incorporated into local codes, standards, and practices;
and

e Third, to conduct research on performance criteria and supporting measure-
ment technology for earthquake resistant construction.

In addition, as part of the USGS-led Post-Earthquake Investigation Program es-
tablished by the NEHRP Reauthorization Act of 1990, NIST took on another assign-
ment:

e Fourth, to participate in NEHRP post-earthquake investigations and analyze
the behavior of structures and lifelines, both those that were damaged and
those that were undamaged, and to analyze the effectiveness of the earth-
quake hazards mitigation programs and actions and how those programs and
actions could be strengthened.

Products and Results from NIST’s Problem-Focused R&D

Through laboratory based problem-focused R&D NIST has made important con-
tributions to earthquake safety over the years. Examples include our products and
results related to:
bridge column reinforcing requirements,
rehabilitation of welded steel moment frame connections,
test methods for passive and active seismic energy absorption systems, and
precast concrete frames.

One example is our work with industry and others on precast concrete frames (At-
tachment A provides summaries of the other examples).

While construction with this type of frame has not been extensive in high seismic
regions of the United States, it has enormous benefits in construction speed and
quality control.

In 1987, NIST initiated a project to develop a precast beam-to-column connection
that was economical, easy to construct, and capable of resisting earthquake loads.
A few years later, Pankow Builders, a California general contracting firm special-
izing in quake-resistant construction, provided funding through the American Con-
crete Institute (ACI) to further develop the concept. Close collaboration among
NIST, Pankow Builders, and the University of Washington resulted in a hybrid con-
nection that combined the use of low-strength reinforcing steel for energy absorption
with high-strength pre-stressing steel.

Tests at NIST and on a five-story precast building at the University of California
at San Diego demonstrated that the concept worked. NIST-developed guidelines and
results were used to obtain approval from a code evaluation service. In addition, the
American Concrete Institute issued standards and the International Building Code
has adopted provisions that allow use of the system.

Recently, Pankow Builders used the hybrid connection to build a $128 million, 39-
story building in San Francisco. Topped out in June 2001, the building is the tallest
concrete frame building built in a high seismic region.

Several other structures using the hybrid connection have been built, are under-
way, or on the drawing board.

We are very proud of our collaboration with Pankow Builders, the University of
Washington and others and are gratified that this design innovation and the con-
tributions of its developers have been widely recognized. This work has won numer-
ous awards, most recently the Harry H. Edwards Industry Advancement Award of
the Precast/Prestressed Concrete Institute.

Lessons Learned from NIST’s Post-Earthquake Investigations

Throughout its history, NIST scientists and engineers have been called in to in-
vestigate building failures following fires, earthquakes, high winds, terrorist at-
tacks, construction accidents, and other events.

Tragically, we learn many lessons following an earthquake about what type of de-
sign and construction works and what does not. Our goal is to investigate and docu-
ment building performance and the adequacy of current codes and practices, as well
as to identify research needed to mitigate the impact of future earthquakes.
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Our investigators have traveled not only to earthquake sites in the United States,
including the Loma Prieta earthquake in 1989 and the Northridge earthquake in
1994, but also to those places around the world including Japan, Romania, Nica-
ragua, Mexico, Armenia, and—most recently—Turkey. The investigation following
the 1999 earthquake in Turkey was a cooperative effort led by the USGS, with par-
ticipation of the U.S. Army Corps of Engineers.

Since NIST is not a regulatory agency and does not issue building standards or
codes, the institute is viewed as a neutral, “third-party” investigator. Our investiga-
tions are fact-finding, not fault finding. The focus is on improving public safety and
on deriving lessons for the future. And, by law, the data, analysis, and reports re-
sulting from NIST investigations may not be used in litigation.

Formation of ICSSC and Federal Construction

One of the early accomplishments of NEHRP was to involve federal agencies with
construction responsibilities. Federally-constructed facilities comprise one of our na-
tion’s largest building sectors. It was realized early in the NEHRP that it was vital
to assist the more than 30 federal agencies that are involved in one way or another
in construction to implement earthquake hazards reduction elements into their on-
going programs.

In 1978, the White House directed the Federal Emergency Management Agency
to form an Interagency Committee on Seismic Safety in Construction (ICSSC).
ICSSC was assigned to develop and implement seismic deign standards for federal
construction. NIST, with funding from FEMA, has provided the secretariat for
ICSSC since its inception, and the Director of NIST (or the Director’s designee) has
chaired the ICSSC since 1982.

Not only did the ICSSC provide up-to-date seismic design and construction stand-
ards and practices that federal agencies used for their own new buildings, but it had
a broader effect as well. An executive order issued by the President in 1990 required
both federal and federally-assisted homes, such as new homes with FHA or VA
mortgages, be designed and constructed using these standards.

This federal mandate was welcomed by the national standards and model building
code organizations since it provided incentive for state and local governments to
adopt and enforce up-to-date standards and codes to be eligible for federally-assisted
construction.

The bottom line result was that NEHRP’s broad goal of making adequate seismic
resistance available for all new U.S. building construction was achieved. This suc-
cessful outcome would not have been realized without a NIST study that was crucial
to the issuance of the executive order. That study revealed the modest cost implica-
tions of the recommended seismic provisions as determined by trial designs.

ICSSC was much involved in support to federal agencies in implementation of the
executive order for new buildings. It continues today to provide support for the as-
sessment of the equivalency of model building codes to the NEHRP recommended
provisions—the most recent assessment was issued in late 2001 —and the develop-
ment of proposed changes to model codes.

The ICSSC turned next to the challenge of evaluating and strengthening existing
buildings by developing seismic safety standards and assisting federal agencies in
implementing a second executive order. That executive order called for agencies to
inventory buildings they own or lease and estimate the costs of mitigating unaccept-
able seismic risks.

The ICSSC developed policies and practices for evaluation and strengthening of
existing federal buildings. This included seismic safety standards for existing build-
ings, which were updated recently; guidance to the federal agencies on implementa-
tion of the executive order; assistance with estimating the costs of mitigating unac-
ceptable seismic risks; and extensive review and comment in drafting the resulting
report.

Currently, ICSSC is developing a handbook for the seismic rehabilitation of exist-
ing buildings. This handbook will facilitate implementation of the seismic rehabilita-
tion plan for federal buildings when a policy decision is made to proceed.

Major Challenges for the Future
NEHRP has come a long way. But, it faces many challenges in meeting its legisla-
tive mandate to “reduce the risks of life and property from future earthquakes in
the United States.”
Four of the key challenges faced by NEHRP are to:
o fill the technology transfer gap between basic research and practice,
e develop and implement seismic safety standards for lifelines,
e develop and implement a multi-hazard approach to risk mitigation, and
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e better coordinate post-earthquake investigations.

Challenge #1: Filling the Basic Research to Practice Gap in Earthquake En-
gineering

Just as NEHRP strives for better ways to improve the performance of construction
during an earthquake, NIST and its three NEHRP partners are continually looking
for better ways to carry out our mission.

Early in 2001, a NEHRP Strategic Plan was approved by each of the four partici-
pating agencies. This plan, developed in partnership with stakeholders, has identi-
fied the emergence of a technology transfer gap that limits the adaptation of basic
research knowledge into practice. The plan recommends a much-expanded problem-
focused research and guidelines development effort:

e to develop future design, construction, evaluation, and upgrade guidelines and
standards of practice, and

o to facilitate the development of new mitigation technologies.

It further recommends that NIST, in partnership with FEMA and other NEHRP
agencies, should develop a coordinated plan to support this effort.

NIST looks forward to working with its NEHRP agency partners and with indus-
try, academia, and the broader stakeholder community to address this gap.

As a first step, NIST requested the Applied Technology Council, a non-profit cor-
poration to advance engineering applications for natural hazard mitigation, to con-
vene a workshop of national leaders in earthquake design, practice, regulation, and
construction in July of 2002.

The purpose of the meeting was to assess the state of knowledge and practice and
to suggest an action plan to address the gap between basic research and practice.

Recently completed, the action plan identifies industry priorities in two areas:

o support for the seismic code development process through technical assistance
and development of the technical basis for performance standards; and

e improved seismic design productivity through the development of tools and
guidance and evaluation of advanced technologies and practices.

This action plan fits within the broader research and outreach plan developed by
the Earthquake Engineering Research Institute titled “Securing Society Against
Cati?sltrophic Earthquake Losses.” It also incorporates issues raised under Challenge
#2 below.

NIST now looks forward to working with the stakeholder community to explore
ways to best meet those needs via a public-private partnership. We expect this effort
will build on NSF-funded basic academic research, including that conducted as part
of the George E. Brown, Jr. Network for Earthquake Engineering Simulation
(NEES) Consortium.

Challenge #2: Developing and Implementing Seismic Safety Standards for
Lifelines

While up-to-date seismic provisions for building codes are available today, there
are no nationally accepted standards or guidelines for lifelines, except for highway
structures and nuclear facilities.

Lifelines include all types of transportation (highways, airports, railways, water-
ways, ports and harbors), communication, and utility (electric power, gas and liquid
fuels, water and wastewater) systems. They provide the physical infrastructure that
support most human activities.

The American Lifelines Alliance, with support from FEMA, is working on the de-
velopment of guidelines and standards for lifelines. Concurrently, the ICSSC has
completed an initial survey of lifelines that are the responsibility of federal agencies.
It has begun a major effort to identify the needs for standards and guidance for
these lifelines, with an initial focus on electric power generation, transmission, and
distribution facilities. It is anticipated that implementation of the lifelines plan
would be primarily through the existing voluntary standards system with a possible
executive order requiring agencies to adopt and use the standards for federal life-
lines.

While these initial public and private sector efforts are laudable, I believe NEHRP
has much work to do before the Nation will have seismic standards and guidelines
for lifelines similar to those we already have for new and existing buildings.

Challenge #3: Developing and Implementing a Multi-Hazard Approach to
Risk Mitigation

Seismic hazards are one of many significant hazards that must be considered in

design and construction. From the viewpoint of an owner or end-user, a multi-haz-
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ard approach to risk mitigation is desirable since it likely will yield more cost-effec-
tive solutions. This is especially true for existing construction, where seismic retrofit
investments may be better justified when made in conjunction with needed func-
tional and security upgrades.

A careful consideration of regional hazards such as earthquakes and high winds
shows that these hazards pose a major risk since they coincide with geographical
areas that have seen significant population growth and development in recent years.
The risks from fire hazards are spread across the Nation, while the risks from ter-
rorist or technological threats are limited to certain critical facilities or locations.

In comparison with the $4 billion annualized loss estimate for earthquakes, the
annualized loss estimate for extreme winds is about $8 B/year and for fire hazards
is about $12 billion a year. Similarly, in comparison with the $100 billion loss poten-
tial for a major earthquake, a single hurricane event has a loss potential of as much
as $50 billion. Major earthquakes, high winds, and other extreme hazards have one
thing in common—they are all low probability, high consequence events.

There is significant merit to multi-hazard risk mitigation if practicable tools, prac-
tices, and guidance can be developed. Examples include:

e improving overall structural integrity by mitigating progressive collapse,
where NIST is already working with the private sector to develop needed
tools and guidance;

e conducting multi-hazard vulnerability assessments using an integrated
framework based on standard information representation models and inter-
operable software tools; and

e evaluating the cost-effectiveness of alternate risk reduction technologies and
strategies using integrated software tools for making cost-risk trade-offs.

I believe NEHRP has a unique opportunity to provide national leadership in
charting the course for a multi-hazard approach to risk mitigation, while continuing
with its important risk reduction mission for earthquakes. The development of the
HAZUS regional loss estimation model—that now covers earthquakes, wind, and
floods—is an excellent example of how NEHRP has already demonstrated this kind
of leadership.

Challenge #4: Coordinating Post-Earthquake Investigations

NEHRP has long supported post-earthquake investigations, and in 1990 Congress
specifically authorized the establishment of a coordinated program to conduct such
investigations with leadership to be provided by the United States Geological Sur-
vey. Consistent with this legislation and the recent NEHRP Strategic Plan, an im-
plementation plan has been completed to coordinate future post-earthquake inves-
tigations.

In the aftermath of the World Trade Center disaster, Congress has given NIST
additional authorities—beyond those NIST already had —through the National Con-
struction Safety Team Act. The legislation, which is modeled in many ways on the
National Transportation Safety Board, was introduced by the House Science Com-
mittee and signed into law by President Bush on October 1, 2002.

That law, Public Law 107-231, established NIST as the lead agency to investigate
building performance, emergency response, and evacuation procedures in the wake
of building failures that result in substantial loss of life or that posed significant
potential of substantial loss of life. Currently, NIST is conducting two major inves-
tigations: a building and fire safety investigation of the September 11, 2001, World
Trade Center building collapses; and the February 20, 2003, fire at The Station
nightclub in West Warwick, R.I. The act calls for NIST to establish investigative
teams including public and private-sector experts.

NIST is developing agreements for future investigations with other federal agen-
cies, and with the private sector so that we can quickly and effectively deploy inves-
tigation teams and so that we can share the results of those investigations and re-
lated research.

The National Construction Safety Team Act gives NIST the authority to dispatch
teams of experts within 48 hours when practicable. The law gives the teams a clear
authority to:

o Establish the likely technical cause of building failures;

e Evaluate the technical aspects of procedures used for evacuation and emer-
gency response;

e Recommend specific changes to building codes, standards and practices;

e Recommend any research or other appropriate actions needed to improve the
structural safety of buildings, and/or changes in emergency response and
evacuation procedures; and
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e Make final recommendations within 90 days of completing an investigation.
The act gives NIST and its investigation teams comprehensive authorities to:
Access the site of a building disaster;

Subpoena evidence;
Access key pieces of evidence such as records and documents, and
Move and preserve evidence.

Congress anticipated the NCST Act to be applicable to building failures caused
by earthquakes. The Act specifies that the NIST Director develop implementing pro-
cedures that “provide for coordination with federal, State, and local entities that
may sponsor research on investigations of building failures, including research con-
ducted under the Earthquake Hazards Reduction Act of 1977.” In addition, the
Committee Report 107-530 published by the House Science Committee on June 25,
2002, states that “The Director should clearly define how earthquake researchers
and Teams will carry out their responsibilities in a coordinated fashion in cases
where building failures have been caused by an earthquake.”

NIST’s responsibilities under the NSCT Act have been incorporated in the re-
cently completed plan to coordinate post-earthquake investigations issued by the
four agencies comprising the National Earthquake Hazards Reduction Program. The
plan (USGS circular #1242) states that, within 48 hours, NIST will examine the rel-
evant factors associated with building failures that occur as a result of the earth-
quake and will make reasonable efforts to consult with the other NEHRP agencies
prior to determining whether to conduct an investigation under the Act. Any NIST
investigation conducted under the authority of the Act will be limited to building
failures on one or more buildings or on one or more class or type of buildings se-
lected by NIST.

Conclusion

As we look to the future, I believe NEHRP will continue to play a vital leadership
role in making the performance of our buildings and lifelines highly measurable and
predictable. This measurement and prediction ability will provide the critical under-
pinning upon which to achieve specified levels of performance and seismic risk re-
duction via workable and practicable solutions. Our nation will be safer and more
secure for it.

We at NIST look forward to contributing our part to address the challenges that
lie ahead.

Attachment A

Products and Results of NIST Problem-Focused R&D

Bridge Column Reinforcing Requirements

Immediately following the 1971 San Fernando earthquake, NIST dispatched a
team to document and investigate structural damage caused by the earthquake. In
particular, many bridge columns suffered either significant damage or failure. As a
result, design requirements for bridge columns in seismic zones were modified. How-
ever, the adequacy of these design modifications was not verified.

NIST initiated a project in the 1980s to provide the necessary verification, con-
sisting of two full-scale bridge column tests. The challenges arose from the size of
the test specimens and the need to apply horizontal seismic loads in addition to
vertical gravity loads. The series of column tests was the first of its kind and as
such, provided important benchmark data. The tests also verified the adequacy of
the revised design specifications.

In addition, NIST tested companion 1/6-scale bridge columns and the results indi-
cated that the behavior of full-scale bridge columns could be extrapolated from
small-scale bridge column tests. This finding suggests that high costs associated
with full-scale tests are not always necessary and less expensive small-scale tests
may be sufficient.

Welded Steel Moment Frame Connections

Steel framed buildings traditionally have been considered to be among the most
seismic resistant structural systems. The January 17, 1994, Northridge Earthquake,
however, caused unexpected damage to many welded steel moment frame buildings.
In general, the damage was confined to beam-to-column connections that suffered
brittle fracture in the flange welds.
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In response to these failures, NIST initiated a project to study methods to modify
existing buildings to improve their seismic performance, in collaboration with the
American Institute of Steel Construction, the University of Texas, the University of
California at San Diego, and Lehigh University. Eighteen full-scale tests were con-
ducted on three different methods to reduce the stresses at the beam-to-column con-
nections.

The result of this multi-year effort was the publication of comprehensive guide-
lines for seismic rehabilitation of existing welded steel frame buildings as an AISC
Design Guide. The guidelines provided experimentally-validated response prediction
models and design equations for the three connection modification concepts that
shift loading from the welded joints into the beams, thus enabling the structure to
absorb the earthquake’s energy in a non-brittle manner.

Test Methods for Structural Control Devices

Structural control devices, such as seismic isolation and passive energy
dissipators, have been installed in numerous structures throughout the world and
have proven to be effective in reducing both motions and forces during earthquakes
and strong winds. Still these devices are generally produced in small quantities,
specifically for each application.

To guarantee that the devices will perform as the designer expected, many build-
ing codes and guidelines recommend that the devices be tested before installation.
While some of these standards describe a limited number of specific tests, widely
accepted test standards do not yet exist. Such standards are useful to designers,
manufacturers, and contractors, since they will make the process of validating these
devices consistent.

To address the issue NIST has developed two sets of testing guidelines. The
Guidelines for Pre-Qualification, Prototype, and Quality Control Testing of Seismic
Isolation Systems was issued in 1996. ASCE has developed and is currently bal-
loting a national consensus standard based on the NIST-developed isolation device
testing guidelines.

While seismic isolation is generally accepted in earthquake engineering practice
and recognized in the building codes in high-seismic areas, passive structural
dampers are still gaining acceptance and semi-active devices are still in the develop-
gent phase. NIST has just issued Guidelines for Testing Passive Energy Dissipation

evices.

BIOGRAPHY FOR S. SHYAM SUNDER

Dr. Shyam Sunder is Chief of the Materials and Construction Research Division
in the Building and Fire Research Laboratory (BFRL) at the National Institute of
Standards and Technology (NIST). He is responsible for planning and directing the
overall scientific and technical programs, controlling the budget, and recruiting per-
sonnel for the Division. The Materials and Construction Research Division provides
leadership for BFR’s Homeland Security, Advanced Building Materials, and Ad-
vanced Construction Technology Goals.

In his current position, Dr. Sunder:

¢ is working with the BFRL Director Jack Snell to develop and implement the
Laboratory’s homeland security efforts via a public-private response plan in-
volving a broad coalition of organizations;

e is the lead investigator for the NIST building and fire safety investigation
into the World Trade Center disaster;

e is a member of the Executive Group of the Cement and Concrete Reference

Laboratory of the American Society of Testing and Materials (ASTM) that is

co-located at NIST;

leads BFRL’s Construction Integration and Automation Program in partner-

ship with FIATECH, a consortium established by the Construction Industry

Institute (CII) in cooperation with NIST, and is a member of CII’s Break-

through Strategy Committee;

represents NIST on the four-member Interagency Coordination Council for

the National Earthquake Hazards Reduction Program (NEHRP);

is designated by the NIST Director to chair the Interagency Committee on

Seismic Safety in Construction (ICSSC)—a group that recommends policies

and practices to its 32 member-agencies on improving the seismic safety of

federal buildings nationwide; and

e is U.S.-side chair of the Wind and Seismic Effects Panel established under the
U.S.-Japan Cooperative Program on Natural Resources (UNJR).
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Dr. Sunder was chief of the Structures Division from January 1998 until June
2002 when the Building Materials Division was merged with the Structures Divi-
sion and renamed the Materials and Construction Research Division. From June
1996 to December 1997, Dr. Sunder was on assignment to the Program Office, the
principal staff office of the NIST Director, first as Program Analyst and later as
Senior Program Analyst for NIST. In 1994, Dr. Sunder joined NIST’s Building Mate-
rials Division as Manager of BFRL’s newly created High-Performance Construction
Materials and Systems Program and served in that position until June 1996. This
program was in support of CONMAT, a public-private R&D program created by the
Civil Engineering Research Foundation in partnership with 11 key sectors of the
construction materials industry. Dr. Sunder worked with the $100 B/year concrete
construction industry to plan an advanced research program and document its eco-
nomic and commercial benefits. This led to the creation of the Strategic Develop-
ment Council, bringing together industry executives for the first: time ever to con-
duct leveraged R&D. He also studied key factors affecting quality, productivity, and
innovation among the small firms that make up 85 percent of the more than one
million firms in construction.

Dr. Sunder’s awards include the Gilbert W. Winslow Career Development Chair
(1985-87) and the Doherty Professorship in Ocean Utilization (1987-89) from MIT,
the Walter L. Huber Civil Engineering Research Prize (1991) from the American So-
cie‘éy of Civil Engineers, and the Equal Employment Opportunity Award (1997) from
NIST.
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STATEMENT OF THE NEHRP COALITION

1015 15th Street, NW, Washington, DC 20005; Phone: 202-326-5140; Fax: 202-289—
6797

Chairman Smith and Members of the Subcommittee:

The below signed ten members of the NEHRP Coalition, representing the sci-
entific, architecture, design and engineering communities responsible for earthquake
hazard mitigation are pleased to offer this testimony on the reauthorization of the
National Earthquake Hazards Reduction Program (NEHRP).

The earthquake risk to the Nation is unacceptably high and growing daily. We
are facing inevitable earthquakes, any one of which alone can cost the Nation $100
to $200 billion. The reauthorization of NEHRP can address this, but it will require
additional continuous research, expanded seismic monitoring, and nationwide miti-
gation. Earthquake occurrence in the United States is not restricted to any single
geographical area. All or parts of 39 states are vulnerable to earthquakes.

NATIONAL EARTHQUAKE HAZARDS REDUCTION PROGRAM

The NEHRP Coalition believes that Congress, in reauthorizing NEHRP, should
take the necessary steps to strengthen this critical program. Earthquakes are
among the most devastating of all natural hazards. To find ways to reduce the dev-
astation, NEHRP, enacted in 1977, funds earthquake related activities of the U.S.
Geological Survey (USGS), National Science Foundation (NSF), National Institute
of Standards and Technology (NIST) and Federal Emergency Management Agency
(FEMA). Despite continuing need, appropriations for NEHRP have decreased signifi-
cantly in real dollars since the late 1970’s.

Earthquake occurrence in the United States is not restricted to any single geo-
graphical area. All or parts of 39 states are within zones where the probability of
an earthquake occurring exists. Recent research indicates that areas in the eastern
and central United States are at greater risk of earthquake occurrence than earlier
evidence indicated.

Recent events substantiate that many public buildings cannot survive a major
earthquake. In many cases, federal buildings are less earthquake-resistant than
nearby privately-owned buildings.

Because of funding cuts, programs to develop safer buildings and other structures,
including lifelines, have been reduced and existing research facilities have been un-
derutilized. In addition, some excellent earthquake researchers have left the field.
There is also evidence that much of the engineering research that has been accom-
plished under NEHRP has not been applied effectively. NEHRP has produced nu-
merous recommendations for standards for new and existing buildings, lifelines and
other structures. These provisions have yet to be fully implemented by local govern-
ments. As such, there is inadequate transfer of findings to those who help commu-
nities prepare for earthquakes. Funds have not been available to help localities im-
prove building codes and zoning provisions in order to improve building safety.

SUCCESSES OF THE NEHRP PROGRAM

Over the past 25 years, NEHRP has provided a wealth of information useful to
both the scientific and engineering practice resulting in a significant benefit to the
public. The USGS has developed and published uniform earthquake hazard maps
that clearly identify the expected earthquake ground shaking at any location in the
Nation. NSF, through their grants to university researchers, has funded the devel-
opment of new engineering analysis and design techniques that allow engineers to
make better and more cost effective decisions related to seismic design. FEMA has
been able to leverage a small amount of funding into an impressive series of design
guidelines, standards and codes that have spread the experience of a few to engi-
neers nationwide. NIST has developed standards for federal buildings that have en-
couraged owners nationwide to recognize the earthquake vulnerabilities of their
communities. It has been a successful program with significant results.

Determining the proper seismic hazard level for a community is still the most con-
sequential information needed for seismic resistant design. The new USGS hazard
maps, developed in conjunction with structural engineers, have significantly influ-
enced the engineering community. Some areas in the Nation, such as the Central
Valley of California, have learned that the potential earthquake shaking is much
lower than traditionally thought. To reduce their vulnerability, some of California’s
essential business operational facilities have been relocated to these low seismic
areas and the need for and cost of seismic rehabilitation in these areas has been
significantly reduced. At the other extreme, areas of the Nation, such as the Port-
land Oregon area, have learned that their seismic exposure is much greater and



147

steps are being taken to increase their resilience to damage through new codes and
rehabilitation programs.

Because of the detailed, scientifically based maps, billions of dollars of construc-
tion is being spent more wisely, both in terms of reduced initial construction costs
and reductions in expected future damage. Similar examples could be cited across
the Nation.

Buildings today all over the world are being built on isolation systems or have
energy absorbing systems built within their structures. These advanced construction
techniques grew out of fundamental NSF research begun in the late 1970’s by Pro-
fessor James Kelly and others at the University of California at Berkeley. Their
work was “curiosity based” and not held in high regard at the time. Over the past
30 years it has matured into a commonly used system that protects essential facili-
ties and historic structures in a superior manner. Basic NSF funded research such
as this has yielded dozens of analysis and design techniques that are of significant
benefit to the public and the Nation.

The Nation’s ability to arrest the growth of its seismic vulnerability and reduce
it to acceptable levels depends on the efforts of all practicing engineers nationwide.
FEMA, recognizing the need for published guidelines and standards, has leveraged
the volunteer talents of an army of engineers by providing travel funds, meeting
spaces, and publication support. Over the past 20 years, dozens of FEMA “Yellow
Books” have been published on various aspects of seismic design and rehabilitation.
For example, the American Society of Civil Engineers, has been able to use this ma-
terial in their standards process to produce state of the art design standards such
and as ASCE 7 and ASCE 31. These new standards are used to train engineers na-
tionwide and guide their seismic design and rehabilitation efforts. These efforts, in
turn are providing the Nation with a much more reliable constructed environment.

COALITION RECOMMENDATIONS FOR REAUTHORIZATION

The NEHRP Coalition asks that in reauthorizing NEHRP, Congress provide for
stronger leadership, increased authorization and improved interagency coordination.
In a broad sense, the Coalition supports “Securing Society Against Catastrophic
Earthquake Losses,” a study recently completed by the Earthquake Engineering Re-
search Institute (EERI) with funding from NSF. The report lays out a vision for the
future of earthquake research and outreach focused on securing the Nation from the
catastrophic impacts of earthquakes. The report was prepared by a cross discipli-
nary panel of scientists, engineers and social scientists, and has been endorsed by
numerous professional organizations involved in earthquake research.

The report comprises the following five research and outreach programs:

e Understanding Seismic Hazards—developing new models of earthquakes
based on fundamental physics.

Assessing Earthquake Impacts—evaluating the performance of the built envi-
ronment by simulating performance of structures and entire urban systems.

Reducing Earthquake Impacts—developing new materials, structural and
nonstructural systems, lifeline systems, tsunami protection, fire protection
systems and land use measures.

e Enhancing Community Resilience—exploring new ways to effectively reduce
risk and improve the decision-making capability of stakeholders.

e Expanding Education and Public Outreach—improving the education of engi-
neers and scientists from elementary school to advanced graduate education,
and providing opportunities for the public to learn about earthquake risk re-
duction.

Success in research will only matter if that research finds its way into practical
use. The translation of research knowledge into practice is more than simply dis-
seminating research findings. The report outlines programs to improve the exchange
of knowledge and acceptance of new technology and processes during design and
construction of new structures as well as in retrofitting older structures.

Technology—ANSS & NEES

Information technologies will play an increasing role in earthquake research in
the future. Two applications central to that vision are the Advanced National Seis-
mic System (ANSS) and the George E. Brown, Jr. Network for Earthquake Engi-
neering Simulation (NEES).

ANSS, authorized by Congress in 2000, is intended to expand the current moni-
toring system and provide the needed information to maximize our understanding
of how specific buildings performed during earthquakes. Strong motion information
is critical to making the next quantum leap in understanding how to economically
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arrest the growth of earthquake risk. ANSS is a critical new program needed by
NEHRP and must be funded at an adequate level.

NEES, established by the NSF, will expand knowledge through new methods for
experimental and computational simulation. Currently, many new experimental re-
search sites are being put in place around the country, and a system to link into
a sophisticated testing and simulation program is being developed. Unfortunately,
funds to carry out the research that will make use of this new equipment and sim-
ulation technology have not been authorized. Knowledge developed through experi-
ments and simulation methodologies provide the essential scientific knowledge base
for improving codes and guidelines. Social science and education research will com-
plement this by helping to better understand and communicate the implications and
choices that must be made. An immediate investment in NEES is needed to reduce
the cost of seismic design and to strengthen and stimulate significant mitigation ac-
tivities.

Funding Levels

In order to implement the plan envisioned by the NEHRP Strategic Plan and the
EERI report and to increase the effectiveness of NEHRP, it is essential that Con-
gress raise funding levels for NEHRP. The undersigned organizations support in-
creasing funding levels to $358 million a year for the first five years of a twenty-
year program. Despite real needs, the funding level for NEHRP has remained flat
for many years, which translates into a significant decrease in real funding. This
trend must be reversed if we are to reduce our nation’s vulnerability to earthquakes
to acceptable levels.

Finally, it is important to recognize the immense leverage from NEHRP for im-
provements in the reliability and security of buildings, transportation systems,
water supplies, gas and liquid fuel networks, electric power, telecommunications,
and waste disposal facilities. NEHRP provides an enormous return on investment
that substantially reduces our nation’s vulnerability to earthquakes and, at the
same time, improves the performance of its civil infrastructure for both normal oper-
ation and extreme events.

CONCLUSION

The first 25 years of NEHRP have proven that limited federal funds, applied to
the Nation’s earthquake vulnerability, can be leveraged 100 times over in terms of
savings in construction and limiting the losses after an earthquake. We believe that
the program is just now hitting its stride and reaching full maturity, and is well
equipped to handle additional funds that will provide new levels of understanding
about the vulnerability and tools for the analysis and design. Significant progress
will then be made toward reducing the Nation’s vulnerability to an acceptable level.

Thank you for this opportunity to express our views. The NEHRP Coalition is
ready to assist in any way we can. If you have questions or need additional informa-
tion, contact Martin Hight, Senior Manager, Government Relations, American Soci-
ety of Civil Engineers at (202) 326-5125 or by e-mail at mhight@asce.org.

This statement is endorsed by the following members of the NEHRP Coalition:

American Geological Institute

American Institute of Architects

American Society of Civil Engineers

Earthquake Engineering Research Institute
Mid-America Earthquake Center

National Fire Protection Association

Oregon Department of Geology and Mineral Industries
Portland Cement Association

Seismological Society of America

World Institute for Disaster Risk Management
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STATEMENT OF THE AMERICAN SOCIETY OF CIVIL ENGINEERS (ASCE)

Washington Office: 1015 15th Street, N.-W., Suite 600, Washington, D.C. 20005-2605;
(202) 789-2200; Fax: (202) 289-6797; Web: http:/ / www.asce.org

Chairman Smith and Members of the Subcommittee:

The American Society of Civil Engineers (ASCE) is pleased to offer this testimony
on the reauthorization of the National Earthquake Hazards Reduction Program
(NEHRP).

ASCE was founded in 1852 and is the country’s oldest national civil engineering
organization. It represents more than 125,000 civil engineers in private practice,
government, industry and academia who are dedicated to the advancement of the
science and profession of civil engineering. ASCE is a 501(c)(3) non-profit edu-
cational and professional society.

NATIONAL EARTHQUAKE HAZARDS REDUCTION PROGRAM

ASCE believes that Congress, in reauthorizing NEHRP, should take the necessary
steps to strengthen this critical program. Earthquakes are among the most dev-
astating of all natural hazards. To find ways to reduce the devastation NEHRP, en-
acted in 1977, funds earthquake related activities of the U.S. Geological Survey
(USGS), National Science Foundation (NSF), National Institute of Standards and
Technology (NIST) and Federal Emergency Management Agency (FEMA). Despite
continuing need, appropriations for NEHRP have decreased significantly in real dol-
lars since the late 1970’s.

Earthquake occurrence in the United States is not restricted to any single geo-
graphical area. All or parts of 39 states are within zones where the probability of
an earthquake occurring is great. Recent research indicates that areas in the east-
ern and central United States are at greater risk of earthquake occurrence than ear-
lier evidence indicated.

Recent events substantiate that many public buildings cannot survive a major
earthquake. In many cases, federal buildings are less earthquake-resistant than
nearby privately-owned buildings.

Because of funding cuts, programs to develop safer buildings and other structures,
including lifelines, have been reduced and existing research facilities have been un-
derutilized. In addition, some excellent earthquake researchers have left the field.
There is also evidence that much of the engineering research that has been accom-
plished under NEHRP has not been applied effectively. NEHRP has produced nu-
merous recommendations for standards for new and existing buildings, lifelines and
other structures. These provisions have yet to be fully implemented by local govern-
ments. As such, there is inadequate transfer of findings to those who help commu-
nities prepare for earthquakes. Funds have not been available to help localities im-
prove building codes and zoning provisions in order to improve building safety.

SUCCESSES

Over the past 25 years, NEHRP has provided a wealth of information useful to
engineering practice and therefore of significant benefit to the public. The USGS has
developed and published uniform earthquake hazard maps that clearly identify the
expected seismicity of any location in the Nation. NSF, through their grants to uni-
versity researcher, has funded the development of new engineering analysis and de-
sign techniques that allow engineers to make better and more cost effective deci-
sions related to seismic design. FEMA has been able to leverage a small amount
of funding into an impressive series of design guidelines, standards and codes that
have spread the experience of a few to engineers nationwide. NIST has developed
standards for federal buildings that have encouraged owners nationwide to recog-
nize the earthquake vulnerabilities of their communities. It has been a successful
program with significant results.

Determining the proper seismic hazard level for a community is still the most con-
sequential information needed for seismic resistant design. The new USGS hazard
maps, develop in conjunction with Structural Engineers, have significantly influ-
enced engineering community. Some areas in the Nation, such as the Central Valley
of California, have learned that their seismicity is much lower than traditionally
held. Some of California’s essential business operational facilities have been relo-
cated to these low seismic areas to reduce their vulnerability and the need for and
cost of seismic rehabilitation in these areas has been significantly reduced. At the
other extreme, areas of the Nation, such as in the Portland Oregon area, have
learned that their seismic exposure is much greater and steps are being taken to
increase their resilience to damage through new codes and rehabilitation programs.
Because of the detailed, scientifically based maps, billions of dollars of construction
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is being spent more wisely, both in terms of reduced construction costs and reduc-
tions in expected damage. Similar example could be cited across the Nation.

Buildings today all over the world are being built on isolation systems or have
energy absorbing systems built within their structures. These advanced construction
techniques grew out of fundamental NSF research begun by Dr. Jim Kelly at the
University of California at Berkeley and others in the late 1970’s. Their work was
“curiosity based” and not held in high regard at the time. Over the past 30 years
it has matured into a commonly used system that protects essential facility and his-
toric structures in a superior manner. Basic NSF funded research, such as this, has
yield dozens of analysis and design techniques that are of significant benefit to the
public and the Nation.

The Nation’s ability to arrest the growth of its seismic vulnerability and reduce
it to acceptable levels depends on the efforts of all practicing engineers, nationwide.
FEMA, recognizing the need for published guidelines and standards, has leveraged
the volunteer talents of an army of engineers by providing travel funds, meeting
spaces, and publication support. Over the past 20 years, dozens of FEMA “Yellow
Books” have been published on various aspects of seismic design and rehabilitation.
ASCE has been able to use this material in their standards process to produce state
of the art design standards such and ASCE 7 and ASCE 31. These new standards
are used to train engineers nationwide and guide their seismic design and rehabili-
tation efforts. These efforts, in turn are providing the Nation with a much more reli-
able constructed environment.

The first 25 years of NEHRP has proven that limited federal funds, applied to
the Nation’s earthquake vulnerability, can be leveraged 100 times over in terms of
savings in construction and limiting the loss after an earthquake. We believe that
the program is just now developing its stride and maturity and is ready for addi-
tional funds that will provide new levels of understanding about the vulnerability
and tools for the analysis and design. Significant progress will then be made toward
reducing the Nation’s vulnerability to an acceptable level.

ASCE RECOMMENDATIONS
Specifically, ASCE asks that in reauthorizing NEHRP, Congress provides for

stronger leadership, increased authorization and improved interagency coordination.
Further, ASCE supports changes to NEHRP which:

e Increase applied research, testing, and accelerated technology transfer of re-
search results.

e Adopt and enforce standards for seismic design and construction of new and
existing public buildings.

e Adopt and enforce building codes and zoning provisions to incorporate im-
proved seismic design and construction standards of new and existing build-
ings and lifelines by State and local governments and by industry.

e Improve earthquake preparedness, particularly for building safety, lifeline

systems and emergency response.

Increase public education about earthquakes and engineering concepts for

hazard reduction.

Additionally, ASCE supports practices and policies to assist local communities in
the use of state-of-the-art performance standards for existing critical, essential, edu-
cational and disaster-recovery facilities, such as hospitals, schools and emergency
shelters. There needs to be improvements in community preparedness and related
civil infrastructure to make them economically resilient to earthquake hazards.
Work must continue on development and adoption of nationally accepted, consensus-
based standards for evaluation and retrofit of existing buildings. Finally, ASCE sup-
ports the development of national seismic standards for new and existing lifelines.

EARTHQUAKE ENGINEERING RESEARCH INSTITUTE REPORT

The Earthquake Engineering Research Institute (EERI), with financial support
from the National Science Foundation, recently published a report, “Securing Soci-
ety Against Catastrophic Earthquake Losses.” This report highlights the accom-
plishments of NEHRP along with the challenges that still must be met. We have
an opportunity to build on the existing knowledge gained from past research and
to create new knowledge. The report contains a detailed plan, including cost esti-
mates, to meet those remaining challenges.

The report summary concludes that:

“The earthquake engineering community is poised for a fundamental shift in the
mitigation of earthquake risks by developing new ways of thinking about the per-
formance of structures and new societal choices about seismic safety. The time
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is now to launch a new, bold initiative to provide security for the United States
from the effects of catastrophic earthquakes.”

ASCE encourages Congress to incorporate the recommendation of the EERI report
into the legislation to reauthorize NEHRP. It is time to make a good program a
great one.

Thank you for this opportunity to express our views. ASCE is ready to assist in
any way we can. If you have questions or need additional information, contact Mar-
tin Hight, Senior Manager, Government Relations at (202) 326-5125 or by e-mail
at mhight@asce.org.
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= SEISMOLOGICAL SOCIETY OF AMERICA

201 Plaza Professional Building El Cerrito, CA 94530-4003 (510) 525-5474 FAX(510)525-7204

Statement of Support for NEHRP Reauthorization

Earthquakes represent a growing risk to our national security.
We must not wait for a disaster before improving our preparations.

The situation.

Earthquakes are an incvitable hazard that cannot be prevented nor, thus far, predicted; however the risk to
our citizens and infrastructure can be greatly mitigated with proper understanding and preparation. Much
progress has been made over the past half century but increasing poputation density and infrastructure
complexity means the risks and likely costs due to future carthquakes are increasing at a high rate. A large
urban earthquake could cost the nation 100 to 200 billion doltars and cause thousands of fatalities.
Information and research is the key to driving effective mitigation efforts.

The National Earthquake Hazard Reduction Program (NEHRP) has proven to be effective for sponsoring
data collection, research and engineering practice which decreases our vulnerability to earthquakes. Despite
great progress, particularly in Califomia, earthquake risk nationwide continues to grow. A recent NSF
sponsored study by the Earthquake Engineering Research Institute, Securing Society Against Catastrophic
Earthquake Losses shows that earthquake risks are increasing at unacceptably high rates. Increased federal
funding by a factor of three for hazard mitigation efforts could turn this trend around in less than 20 years.
Understanding the hazard in all 39 vulnerable states, communicating that hazard and applying improved and
appropriate construction practices is required to actually reduce the earthquake risks.

Needs.
There are three national programs that we feel need continued and strengthened support.

NEHRP - This umbrella program needs to be reauthorized by congress and strengthened for coordinating
cfforts of its agencies. It needs to implement a balanced and accelerated approach for federa! leadership in
earthquake monitoring, and research. A strong and expanded NEHRP that provides leadership, funding,,
mitigation incentives and requirements must be continued.

ANSS. - The Advanced National Seismic System was authorized by Congress in 2000 at $35M per year
for 5 years. As of spring, 2003 only $3.9M a year for two years has been appropriated and this year’s request
is only $1.9M. Funding levels of only 10% of appropriated levels or less will not come close to reaching the
systems desired goals. The ANSS is a multipurpose system carefully designed to efficiently provide data and
information for the following three primary purposes: 1) monitor earthquake activity fo improve our
knowledge of fauits, seismicity patterns and structure; 2) rapidly provide authoritative information to
emergency response and inspection officials immediately following large earthquakes to aid with recovery
efforts; 3) to accurately record the strong motions associated with medium to large earthquakes to assist
engineers with the design and retrofitiing of structures in preparation for future earthquakes. Putting the
instrumentation in after the next large earthquake will be too late. We cannot afford to miss the once in a
lifetime opportunity to obtain the strong motion records that explain the damage patterns that will
occur during the next major earthquake.

NEES. The George E. Brown Jr, Network for Earthquake Engi ing Simulation, was blished by
the National Science Fouadation to expand the state of knowledge in earthquake engineering through new
experimental and computational systems. New facilities and interconnections are being established but funds
to actually use them for new research is thus far very limited. An immediate investment in NEES is needed
to reduce the cost and increase the effectiveness of earthquake design

Thus, we urge that NEHRP be reauthorized, that the ANSS funding be ramped up to its appropriated level
and that research support for using NEES be substantially increased.
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ANSWERS TO POST-HEARING QUESTIONS

Responses by Anthony S. Lowe, Administrator, Federal Insurance Mitigation Admin-
istration; Director, Mitigation Division, Emergency Preparedness and Response
Directorate (Federal Emergency Management Agency), Department of Homeland
Security

Questions submitted by Chairman Nick Smith

Q1. Mr. Lowe noted during the hearing that the Federal Emergency Management
Agency (FEMA) has not submitted the coordinated budget request report to the
Office of Management and Budget (OMB) as required by Section 206 of Public
Law 106-503. The Committee views these reporting requirements essential to en-
suring that each agency’s National Earthquake Hazards Reduction Program
(NEHRP) expenditures are coordinated to create synergy and adequately reflect
the Program’s objectives. Please explain why this report has not been submitted.

Al. Since the language for Section 206 was included in the authorization of the
NEHRP program, FEMA, now part of the Emergency Preparedness and Response
Directorate (EP&R), has taken the requirements very seriously. As the NEHRP
agencies moved toward completing the NEHRP Strategic Plan, EP&R considered
the Plan a surrogate format that would satisfy the requirements of Section 206. De-
spite the fact that the issuance of the Plan was delayed, EP&R and the other
NEHRP agencies were initiating and continuing work pursuant to the Plan within
their respective existing resources. The Strategic Plan has served as the platform
for compliance with Section 206 and has been a critical linkage in the coordination
among the NEHRP agencies. The Strategic Plan created the synergy necessary to
adequately reflect the Program’s objectives.

EP&R has put into place changes that will allow explicit compliance with Section
206 for the future. Those changes include:

e The other NEHRP agencies have agreed with EP&R’s proposal for an overall
Management Plan. This Management Plan will articulate NEHRP priorities
in the context of the policies of the Administration and will be used to guide
the efforts of the senior career levels of the NEHRP, the Interagency Coordi-
nating Committee, or ICC.

In conjunction with the Management Plan, we will collaborate in the develop-
ment of an annual Plan of Work, which will lay out each of the proposed ac-
tivities from the Strategic Plan that we intend to accomplish during the year.
This coordinated effort will ensure that activities are complementary. Each of
these proposed activities will be justified, using the Strategic Plan, to dem-
onstrate its importance in advancing the stated NEHRP objectives and goals.
For each planned activity, we will explicitly identify associated funding re-
quirements that are also represented in each agency’s overall request for ap-
propriations.

o The guidance from EP&R to each agency for the preparation of requests for
appropriations, as required by Section 206, will occur in the form of our co-
ordination of the development of the annual Plan of Work in concert with the
Strategic Plan.

o EP&R will submit the Plan of Work as the overall NEHRP annual budget re-
quest to OMB, and this will satisfy our agency requirements, as well as the
overall program requirement.

Q2. Section 406 (C) of Public Law 107-296 states that FEMA “shall have the pri-
mary responsibility within the executive branch to prepare for and mitigate the
effects of nonterrorist-related disasters in the United States.” However, the Com-
mittee learned on May 2nd that $4.4 million in FEMA Emergency Management
Performance (EMP) Grants would be administered from the Office for Domestic
Preparedness (ODP) within the Border and Transportation Security Directorate,
which is dedicated to protecting the country from acts of terrorism.

Q2a. Given that ODP is not one of the four NEHRP agencies, why are these funds
considered part of the NEHRP budget?

Q2b. Please explain how the purpose and structure of ODP grant program that will
distribute the $4.4 million is related to the FEMA EMP Grants program.

Q2c. How will FEMA ensure that an appropriate amount of ODP grants are directed
toward earthquake hazards mitigation?
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A2a,b,c. In FY 2003, $4.4 million of NEHRP funds are provided to States as part
of the Emergency Management Performance Grants (EMPGs), along with funds
from other programs within EP&R. The EMPG program was created in 1999 to con-
solidate funding streams to the states and to allow state emergency management
directors to direct resources to the risk reduction priorities that they identify for
their population at risk from various hazards.

With the creation of the Department of Homeland Security (DHS), EMPGs are
being consolidated with other grants, to be managed by the Office for Domestic Pre-
paredness (ODP), beginning in FY 2004. Consolidating the management of grants
will provide efficiency and cost effectiveness in grants administration as it has
under the EMPG program.

As part of the Administration’s effort to increase states’ flexibility in FY 2004,
there is not explicit funding set aside for this purpose. Of course, states may use
the ODP funds for a similar purpose if they so choose.

Q3. How many full-time equivalents within the Department of Homeland Security
(DHS) are dedicated to NEHRP activities? How will DHS balance staff-time de-
voted to carrying out day-to-day NEHRP activities with other emergency needs
such as responding to tornadoes and floods?

A3. Within DHS, 46 full-time equivalents (FTEs) are funded with NEHRP funds,
30 FTEs at headquarters and 16 in the regional offices. The headquarters contin-
gent consists of 7 FTEs that are specifically designated to work on NEHRP activi-
ties, 11 that are dedicated to multi-hazard initiatives, and 12 support staff and
management FTEs. EP&R’s staff resources are leveraged among the many pro-
grams, and the functional alignment of EP&R’s organization allows for the most ef-
fective use of resident expertise. There are a number of EP&R employees who work
primarily in the NEHRP area, but who are funded from other sources as well.

As with all EP&R programs, NEHRP employees are subject to deployment during
disaster situations.

Q4. Please provide written comments on:

R4a. Witness testimony recommending the designation of a single OMB examiner to
review the NEHRP budget.

A4a. The Department of Homeland Security can not comment on the staffing plan
of the Office of Management and Budget. The Committee will have to direct those
questions directly to OMB.

Q4b. Witness testimony recommending the establishment of an external advisory
committee (much like the current USGS Scientific. Earthquake Studies Advi-
sory Committee) to provide recommendations on NEHRP.

A4b. In recent months EP&R has re-energized the high-level Policy Coordinating
Committee (PCC) to provide increased direction to the Interagency Coordinating
Committee (ICC). This will be accomplished through a Management Plan, which
will guide the PCC’s oversight of the implementation of the NEHRP Strategic Plan.
This Management Plan will articulate NEHRP priorities in the context of the poli-
cies of the Administration. In addition, the ICC will develop, each year, a Plan of
Work that will contain specific metrics, which will evolve over time and will provide
a results-oriented approach. This will assist the PCC in gauging the success of
NEHRP initiatives against the metrics, so that the PCC can make decisions about
how to effectively allocate NEHRP resources. We believe that this system of over-
sight by the PCC, previously dormant, will provide excellent support and direction
for NEHRP, obviating the need for an advisory committee.

Based on these management initiatives, as well as the newly formed Research Co-
ordination Subcommittee, we feel that an advisory committee is not needed to pro-
vide guidance for NEHRP.

Q4c. The five-fold R&D program, priorities, and funding levels detailed in the
Earthquake Engineering Research Institute’s (EERI) Research and Outreach
Plan.

A4c. In the National Science Foundation’s (NSF) written testimony, it
“. . .supported the Earthquake Engineering Research Institute (EERI) to develop a
long-term research and education plan to advance the state-of-the-art and the state-
of-the-practice in earthquake engineering and earthquake loss reduction. The result
is a comprehensive, community-held vision that includes buy-in from all sectors and
disciplines including academics, practicing engineers and geoscientists, social sci-
entists, and government employees and regulators. . .”
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EP&R supports the process through which this research and education plan was
developed because it represents a consensus of many of the experts in the stake-
holder community. EP&R anticipates that the EERI plan will prove beneficial as we
implement the NEHRP Strategic Plan, particularly as we integrate components of
other research plans, such as the National Institute of Standards and Technology
(NIST) research plan (ATC 57), the performance-based earthquake engineering de-
sign plan (ATC-58), and the United States Geological Survey (USGS) research plan,
into our efforts, through the Research Coordination Subcommittee.

With respect to funding levels, the EERI plan calls for roughly a tripling of the
current NEHRP budget over the next 20 years. EP&R will consider EERI rec-
ommendations as it develops the FY 2005 budget request,

Q5. The National Science Foundation’s written testimony noted the need to develop
an “all-agency Internet portal for dissemination of information about research
opportunities and outcomes, news releases, plans and activities in a form that
can be easily accessed by the research community at large.” Is development of
such a one-stop shopping website for NEHRP planned for the near future?

A5. EP&R is in the process of developing a NEHRP website that will reside on the
EP&R server and will be the primary vehicle to disseminate general NEHRP and
EP&R programmatic information relevant to NEHRP. The NEHRP website will pro-
vide linkage to other NEHRP information including NEHRP agency websites, state
earthquake program websites, earthquake consortia websites, earthquake informa-
tion research institutions with relevant information or programs, relevant associa-
tions and nonprofit organizations, and university programs.

EP&R has also set up a Research Coordination Subcommittee, under the ICC,
that is charged with identifying synergies among research programs. This sub-
committee is also charged with making research findings more available to the
NEHRP stakeholders, as well as to other appropriate audiences. EP&R’s NEHRP
website will also encapsulate the work of the subcommittee.

Questions submitted by Ranking Member Eddie Bernice Johnson

Q1. Explain how the strategic plan influenced the FY 2004 budget request for the
earthquake program.

Al. The NEHRP Strategic Plan lays out the present and future activities of NEHRP
and its four agencies and is organized around the four goals of the program, which
are:

A. Develop effective practices and policies for earthquake loss-reduction and ac-
celerate their implementation.

B. Improve techniques to reduce seismic vulnerability of facilities and systems.

C. Improve seismic hazard identification and risk assessment methods and
their use.

D. Improve the understanding of earthquakes and their effects.

Although this Plan has only recently been approved by OMB and sent to Con-
gress, the four agencies have been operating and reporting according to its draft
guidance for two years, while remaining within existing resource constraints. There-
fore, each agency’s 2004 budget request for NEHRP activities was designed to fulfill
the goals of the Strategic Plan, while remaining within the Administration’s 2004
budget allowances.

Q2. What level of priority does NEHRP assign to completion of the Advanced Na-
tional Seismic System (ANSS), and what efforts have been made to get an ade-
quate budget request for ANSS in the President’s budget submission?

A2. The NEHRP places the completion and implementation of ANSS among its
highest priorities. Specifically, its priority is described in the recently released
NEHRP Strategic Plan, Expanding and Using Knowledge to Reduce Earthquake
Losses. Page 12 of the Plan identifies the need for real-time seismic monitoring and
reporting of ground motion intensities that would be provided by ANSS as the first
of the program’s future challenges, opportunities, and priorities. Under that section,
the Plan states that:

“Recent and unprecedented advances in information technology, telecommuni-
cations, and digital electronics now allow for real-time, high fidelity monitoring
of seismicity across the Nation. An upgraded seismic monitoring system in the
U.S. would enable rapid assessments of the distribution and intensity of earth-
quake shaking, thereby allowing emergency response officials to assess, within
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minutes of an event, where the damage is likely to be concentrated and how
emergency resources should be allocated. Someday, the new technology may
even allow for a few seconds of warning of impending strong seismic shaking
from distant earthquakes already in progress. The USGS funds the Advanced
National Seismic System (ANSS), an effort to update current instrumentation
and provide this real-time monitoring capability.”

Further, the NEHRP Strategic Plan also lists this objective under Goal C: “Pro-
vide rapid, reliable information about earthquakes and earthquake-induced dam-
Z%\:Ia.s”s Under this objective, NEHRP specifically calls for the implementation of

The responsibility for securing adequate funding for ANSS or any other program
has historically been with the individual agency—in this case the USGS. In the fu-
ture, however, we will use the NEHRP Management Plan to submit a coordinated
and consolidated NEHRP budget request that fully complies with Section 206.

Q3. Dr. O’Rourke in his testimony indicated that there are insufficient research
funds in NEHRP to take full advantage of the new equipment and simulation
facilities being made available by the George Brown Network for Earthquake
Engineering Simulation. Is this a subject of discussion during the planning
process for NEHRP? Explain how program priorities being developed to balance
research and research infrastructure needs.

A3. The operation of the NEHRP over the last 25 years has worked within the re-
search community to establish what is essentially a market-driven balance between
funded research work and available research infrastructure. With the advent of the
first phase of the Network for Earthquake Engineering Simulation (NEES) program,
we are presently increasing the available research infrastructure. However, even
more important, with the remainder of the NEES program, we will be significantly
improving how this expanded research infrastructure can be used through the
NEES Co-Laboratory infrastructure. The NEES Co-Laboratory will ultimately allow
research to be done much more efficiently, as it will allow researchers to utilize re-
search facilities via the Internet. So, while we are presently expanding the available
research infrastructure, we also in effect are lowering the cost of doing research by
making it easier for researchers to access that expanded infrastructure.

The expansion of the research infrastructure under the first phase of NEES was
called for and directed by the Assessment of Earthquake Engineering Research and
Testing Capabilities in the United States, a report prepared for NSF and NIST by
EERI that was called for under the NEHRP Reauthorization Act of October 1994.
That report was published by EERI in September 1995.

NSF has tasked the National Research Council to investigate research needs post-
NEES and to prepare a report documenting this issue. This report is due to NSF
later this year, and will be used as part of our NEHRP planning process for funding
future research. In particular, this report will be utilized by the new Research Co-
ordination Subcommittee of the NEHRP ICC as it moves to improve the coordina-
tion of NEHRP-funded research activities.
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The National Earthquake Hazards Reduction Program:

Building for the Future

nniversaries offer us the
opportunity to look back, to
valuate our record, and to plan

for the future. As the National Earthquake
Hazards Reduction Program (NEHRP)
celebrates 25 years, we note the many
achievements built on science that have
contributed to making our country, our
communities, and our citizens safer from
the effects of earthquakes.

Some achievements, such as
the survival of the Trans-Alaska oil
pipeline during a recent earthquake, are
based in earth science and earthquake
engineering research. Other initiatives,
such as the mitigation and outreach
work in Los Angeles, Seattle, and
numerous other communities, make
use of structural and non-structural L
retrofit, and public awareness to achieve ~ Anthony S. Lowe
safer homes, schools, and businesses.
All of the accomplishments, however,
share common features: science and
engineering drive the effort, partnerships are established to
achieve results, and the public benefits from the synergy.

The achievements of the NEHRP over the last 25 years
are the basis for innovative initiatives by all of the NEHRP
agencies: the Federal Emergency Management Agency
(FEMA), the National Institute of Standards and Technology
(NIST), the National Science Foundation (NSF), and the
United States Geological Survey (USGS). Building for the
future involves very exciting work that promises to make our
country even safer from the threat of earthquakes. Some of
the more exciting projects include:

(© FEMA will develop performance-based seismic design
guidance, building on research funded by NSE, to allow
a building owner or community to determine the level
of performance they can expect from a building after an
carthquake, and will provide a reliable design standards to
ensure that performance and further reduce losses.

(@ The NSF George E. Brown Network for Earthquake
Engineering Simulation (NEES) will link 16 distributed

Administrator, Federal Insurance
and Mitigation Administration

earthquake research facilities using high
speed internet connections to allow re-
searchers improved access to the nation’s
best laboratory equipment, and to dis-
seminate research results more efficiently.
@ The Advanced National Seismic
System (ANSS), a USGS initiative, will
provide a much larger array of more
reliable instruments across the country for
a more accurate and thorough measure
of earthquake ground motions. This will
improve understanding of earthquakes and
how they affect the built environment.
@ The National Construction Safety
Team Act, recently passed by Congress,
will allow NIST to better capture the
lessons learned from large-scale building
failures after an earthquake.
@ The Plan to Coordinate NEHRP
Post Earthquake Investigations,
developed by the USGS with input from
the other NEHRP agencies, will allow the
four agencies to better coordinate their
activities immediately after the next major earthquake,
improving our nation’s response and recovery. A key part
of this response will be the use of new Internet-based
central clearinghouse that includes real-time information
and data to better capture important information
immediately after an event.
@ Recent work by several agencies will demonstrate the
benefit of earthquake resistant construction as protection
against other man-made hazards, such as blast and fire.

Highlighted here is a cross-section of selected success

stories from the NEHRP agencies that illustrate just some

of the many benefits that NEHRP has brought to the public
over the last 25 years. While the past two and a half decades
have seen many accomplishments, the future holds even more
promise in the protection of our country from earthquakes
and other hazards. I congratulate the NEHRP agencies and
vast community of stakeholders on their accomplishments.



Project TriNet
Opens a New Era
in Earthquake
Monitoring

“I just wanted to say thank you for having
this web site. We were able to call the nearest
maintenance yard, which was near Barstow.
We could tell them where to go out to inspect
our bridges.”

— CalTrans District 8 Bridge Crew

ollowing the Northridge earthquake
F in 1994, FEMA provided funding
to the California Institute of
Technology, the California Division of
Mines and Geology, and the USGS to
upgrade earthquake monitoring in southern
California. The result was project TriNet, a
cooperative effort to expand and modernize
earthquake monitoring in the region and to
provide timely and accurate information on
earthquake occurrences. The development of
TriNet, which began in 1997, includes:
Installation of 150 broad-band
seismometers by 2002
Installation of 450 strong-motion
sensors by 2002
Development of a data center to manage
and process the information
Development of new products,
especially “ShakeMap”
(@) The website www.trinet.org
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Earthquake shaking is strongly affected
by the local geology and soil conditions,
and the pattern of the intensity of shaking
does not fall in concentric circles about
the epicenter. With data from new
seismometers available in “real-time,” TriNet
seismologists realized they could produce
réalistic contour maps showing the severity
and distribution of ground shaking within
minutes of an earthquake. This product,
called “ShakeMap,” was made available at
TriNet web sites and has proven immensely
useful to emergency management officials
and managers of infrastructure and lifeline
systems. Now, whenever an earthquake
occurs in southern California, there is a
regional map available on the web that
shows the shaking pattern.

Project TriNet proved so successful
that the USGS used it as the piloc model
for the Advanced National Seismic System
(ANSS). ANSS is an initiative to expand
TriNet capabilities to other urban centers
in areas of high to moderate seismic risk.
Through ANSS, the USGS and regional
partners have begun to develop TriNet-like
capabilities in the San Francisco Bay region,
the Puget Sound region, Salt Lake City,
Reno, Anchorage, and the Memphis and
St. Louis areas. In addition to providing
ground shaking information for emergency
response, the engineering community
can apply ANSS data in the design and
construction of earthquake resistant
buildings and critical facilities.

Aiaska, Hawail and Puerto Rico
also have proposed sites.

Al other sites to be determined on
a region-by-region basis.

{7 Proposed ANSS urban networks A

The mobile models educate home-owners
to better protect their property their families
through Superior Code construction.

Charleston

“Everyone should be encouraged to build
somewhat above code requirements. I don’t
know of any building official worth his or her
salt who builds just to code.”

— Carl H. Simmons, Charleston County

Building Services

n the fall of 2002, a magnitude 4.32
I earthquake was measured in the
Charleston area. Thar earthquake
pales in comparison to the magnitude
7.7 earthquake that struck Charleston on
August 31, 1886. Could a magnitude 7.7
carthquake strike again? If so, many of those
in the building industry in Charleston want
to be prepared. The Superior Code Home
Standards, which are voluntary standards that
go beyond the minimum code requirements
for new and existing construction, have
been adopted by the Home Ownership
Program in the Charleston area, Seabrook
Island, South Carolina, and the Habitat
for Humanity. The City of Charleston also
began enforcing the International Residential
Code (IRC) on April 1, 2002, 90 days in
advance of any other jurisdiction in South
Carolina. “Why would we offer the citizens
of Charleston less than the nationally
gnized standards for their p
says Doug Smits, Director of Inspections,
Chief Building and Fire Officials for the City
of Charleston.




In the City of North Charleston, a
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d

non-profit organization established in parc

with NEHRP assistance will break ground

in May 2003 on a permanent home for the
organization. It will house an educational center
for the community and will feature exhibits

on carthquake resistant structural systems, a
library, hundreds of safety items and displays,
and training programs for a variety of audiences,
including architects and engineers, building code
officials, contractors, and school children.

The Impact of Model
Building Codes

“The development of national model building
codes establishing minimum design and
construction requirements was one of this
country’s greatest achievements and will lead to
sustainability of our communities.”

— James E. Beavers, Director

Tennessee Multihazard Mitigation Center

he nation's model building codes have
I a greater impact on the quality of

construction and how structures will
withstand the forces of nature than any other
FEMA program. The philosophy is to ensure
the quality of construction at the local level
before a disaster by making the nation’s model
building codes adequate for all hazards, and
makes FEMA’s work much easier, both before
and after a disaster.

FEMA's experience with the model code
organizations began in the early 1980s. Most
notable of FEMA’s work with the building
codes occurred when the International Code
Council (ICC), which was formed from the
three original model code organizations,
attempred to develop a single International
Building Code (IBC). It quickly became
apparent that the existence of two sources of
seismic code provisions was a serious issue that
threatened to derail the entire effort.

FEMA was one of the first outside
organizations to meet with the original
International Code Council in 1995 to help
resolve this issue. FEMA met with the relevant
parties, developed a plan that would respond
to most of the concerns that had been raised,
and managed the Code Resource Development
Cornmittee Project. The Committee ultimately

loped the p:
balloted into the IBC.
This was one of the most critical issues

facing the IBC process, and its resolution
significancly improved the quality and
applicability of the new IBC. FEMA's work was
acknowledged in a letter from the ICC.

that were successfully

Shortly after that process was underway, the
National Fire Protection Association (NFPA)
decided to offer their own building code to
complement their wide variety of fire and life
safety standards. FEMA worked with the

ewis and Clark didn't reach the coast
I of Washington State until November

1805. So how do we know that a
magnitude 9 earthquake occurred in the
Seartle arca on January 26, 17007 Amazingly,
the remains of dead, saltwater-flooded forests
along coastal Washington and widespread
deposits of sand high in coastal estuaries
suggesting tsunami inundation, along with an
analysis of records maintained by the Japanese
on tsunamis, presented evidence to geologists
that great subduction-zone earthquakes
(magnitude 8 to 9) had repeatedly struck the

various committees, and FEMASs rep ive
was given a seat on the Technical Correlating
Committee, which oversees and resolves conflicts
from the other developmental committees. With
FEMA involvement, the NFPA 5000 Building
Code adopted the latest version of the ASCE-7
Minimum Design Loads Standards by reference
and was published recenly.

Solving the Mystery
of the Magnitude 9
Earthquake

“The City of Seartle did not suffer major
damage from the Nisqually earthquake
two years ago based, in large part, on our
ability to aggressively explain our improved
understanding of earthquake hazards to
the structural engineering and community
emergency response community to ensure that
USGS results are used.”

— Craig Weaver, Pacific Northwest

Regional Coordinator, United States
Geological Survey

Pacific Northwest in the past thousand years,
the most recent earthquake occurring in 1700.
Hard detective work by USGS scientists
on the Cascadia subduction zone and other
crustal faults has helped residents of western
Oregon and Washington understand that they
live in earthquake country. Particularly in
Oregon, where few earthquakes are felt, USGS
research helped convince public officials
o significantly revise the building codes.
Throughout the Portland metropolitan region,
new buildings are now designed to resist
earthquake forces 50 percent larger than they
were under the old code, reducing the risk to
life and property in future earchquakes.
Because of NEHRP outreach efforts,
individuals are more aware of their personal
responsibility for taking risks reduction
actions. For example, at The Little Church on
The Prairie Learning Center, this awareness
played an important part in keeping people
safe. Some months before the earthquake,
volunteers worked with FEMA hazard
mitigation officials to make sure the daycare

Visiting Girl Scouts practice Duck and Cover with ‘Terry the Turtle’
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center would be safe from shaking effects by
bolting cribs to the walls and strapping water
heaters, television sets, and computers in place.
When the Nisqually earthquake struck, the
children and staff at the Center were protected
from falling objects. According to Pat Ivy,
Director of the Center, “nothing fell over
because of our preventative measures. It was
amazing.”

Business Increases
its Involvement in

“Businesses are more than just building

— Robert Freitag, Executive Director,

C

adia Region Ea

hat do Starbucks Corporation,
the Bocing Company, and the
Friday Harbor Flower Shop have

in common? All are businesses, all are located

rthquake Workgroup

near Seattle, and all are taking an active role
in keeping their employees safe and making
their businesses more disaster resistant from
carthquakes and other hazards.

The Cascadia Region Earthquake
Workgroup (CREW) is a non-profit action
group on a mission. In 1996, the scientific
community established CREW to promote
awareness of seismic risk among businesses
and emergency managers. The Nisqually
carthquake in February 2001 provided
CREW and its partners with an important
opportunity to assess lessons learned and
to take additional steps to mitigate against
damage from future earthquakes. Since the
Nisqually earthquake, CREW has sponsored
conferences and held forums to showcase both
successes and failures during the Nisqually
carthquake, and how to apply lessons learned
to natural and man-made hazards.

In April 2003, CREW will release a 20-
minute video directed at small- and medium-
sized businesses. Using the lessons learned from
Nisqually, the message of the video is “protect
your people, your buildings, and your business.”
The video, which highlights the work of
Starbucks, Boeing, and the Friday Harbor Flower

164

Starbucks Corporation has taken step at its
headquarters facility in Seattle to make the
building safer for its employees.

Shop, will be distributed along with a tool kit
developed in partnership with the Institute

for Business and Home Safety (IBHS), and is
available at wwwi.crew.org. CREW also plans
to meet with the Seattle Chamber of Commerce
and other Chambers of Commerce to establish
coordinating centers with businesses, and will
continue to sponsor s series of business forums.

Survival of the Trans-
Alaska Oil Pipeline
“Good science, when applied in the way

that the people of Alaska have done, made
the difference between an emergency and a

traged)

es Groat, Director, United States

Geological Survey

ach day, the Trans-Alaska oil pipeline
E carries one million barrels of oil,

about 17% of the domestic oil supply
for the United States, valued at about $25
million. If the pipeline had ruptured during
the recent Denali earthquake, the lost revenue
and cost of repair and environmental cleanup
would have been incalculable.

‘When the pipeline was proposed in

1968 to transport oil from producing fields
near Prudhoe Bay on the Arctic Ocean to
the ice-free port of Valdez, USGS geologists

The Trans-Alaska oil pipeline withstood
the violent shaking of an 8.0 earthquake in
November of 2002.

realized that carthquakes on faults along the
pipeline route presented a potential threar.
In the 1970', scismologists and geologists
commissioned by the Alyeska Pipelinc
Service Company, in concert with the USGS,
studied the likely effects of a magnitude
8.0 carthquake, judged to be the maximum
credible carthquake for the Denali fault.
The resulting technical requirements for the
pipeline stipulated it must be designed to
withstand intense shaking levels and up to
twenty feet of offset, which proved to be right
on target for the magnitude 7.9 earthquake
that occurred on November 3, 2002.
Shaking during the magnitude
November 3 earthquake was violent and
damaged a few of the elevated supports south
of the fault zone. However, the pipeline
design successfully accommodated the
damage and remained adequately suspended
between undamaged uprights without
rupturing. The Alaska oil pipeline had
survived intact, with only nominal damage.
“Although considered to be excessively
conservative at the time, the USGS design
guidance proved to be on target, and the
resilience of the pipeline to Sunday’s faulc
rupture is a testament to the importance of
science in hazard mitigation and decision-
making” says USGS Director, Charles Groat.



Improving the
Performance of
Steel Moment Frame
Connections

“This project was a model of a well-managed
program of design guidelines development,
with results that have an immediate impact
on building construction practices in the
U.S. and elsewhere. The seismic safety of steel
construction practices has taken a major step
forward because of this project.”
— Michael D. Engelhardt, Professor of
Civil Engincering, The University of
Texas at Austin

ne of the critical lessons from the
1994 Northridge earthquake was
the unacceptable performance of

steel moment-resisting frame construction. In
response, FEMA established the FEMA/SAC
Steel Moment Resisting Frames Project. With

this new information, the building code for

this type of construction had effectively been
invalidated, and there was litle idea of how

safe existing buildings were or how to repair
damaged buildings. Since FEMA funds the
repair of publicly owned buildings, this was a
crisis for FEMA as well as for building owners. It
also quickly became clear that this was not just a
California problem but also a naional problem.
FEMA determined that the first need was for
guidance on how to repair damaged buildings.
Using the NEHRP Northridge Research Fund,
the work was completed in less than a year and
its primary product, the Jnterim Guidelines

for Steel Moment Resisting Frame Construction
(FEMA-267), quickly became the e facto
standard. To date, FEMA has distributed over
20,000 copies of the Guidelines.

FEMA then began the second phase
of the project, an effort to study and
develop final design criteria for the design
and inspection of new construction and
upgrading of existing buildings for use
by the nation’s model building codes and
standards. The final products include
technical guidance for new construction
(FEMA-350), upgrade guidance for existing
buildings (FEMA-351), evaluation and
repair guidance for damaged buildings
(FEMA-352), and a technical specifications
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and quality control guidance document
(FEMA-353). FEMA also published non-
technical guidance for building owners and
local officials (FEMA-354) and a CD-ROM
with all of the publications and a series of
background reports (FEMA-355).

This groundbreaking initiative was
the first FEMA, if not federal, effort to
effectively combine the academic research
world and the earthquake engineering
design community on a scale never before
attempted. As a result of this effort, the
building codes and standards for the entire
country have been revised to take into
account project findings. The quality of
steel moment frame construction has been
significantly improved because of the project.
Both the model code organizations and the
industry standards group are now using the
final design guidelines as the basis for their
products. In fact, the American Institute
for Steel Construction is now sponsoring
training courses across the country using
the FEMA publications and has distributed
several thousand copies to date.

FEMA has been widely recognized
for its role in organizing and leading the
solution to a serious problem for the nation’s
building codes and standards. The steel
industry, through the American Institute
for Steel Construction, presented an award
to the Director of FEMA for its role in
resolving this complex problem.

GPS System
Measures Earthquake
Potential

“Thanks to SCIGN's sponsors, the southern
California scientific community can pioneer the
use of the most promising new tool in geophysics
since the invention of the seismometer.”

— Tom Henyey, Director, Southern

California Earthquake Center

he Chinese philosopher Chang
Heng invented the first seismoscope
in A.D. 132. The instrument was

a large urn, on the outside of which were
cight dragonheads facing the cight principal
directions of the compass. When an

carthquake struck, one or more of the eight
dragon mouths would release a ball into the
open mouth of a toad sitting below. The
direction of the shaking determined which of
the dragons released its ball. The instrument
was reported to have detected an earthquake
up to 400 miles away.

Almost 2,000 years later, on July 6, 2001,
carthquake scientists unveiled the Southern
California Integrated GPS Network (SCIGN),
anew type of ground motion monitoring
network. Unlike other instrument networks
that record shaking, SCIGN tracks the slow
motion of the Earth'’s plates using a Global
Positioning System (GPS). With SCIGN, the
link between the motions of the plates that
make up the Earth’s crust and the resulting
carthquakes is now being observed by an array
of 250 GPS stations operating in southern
Californi
world’s most seismically active and highly

a and Baja California, one of the

populated arcas. Using SCIGN data to measure

deformation of the Earth’s crust, scientists can
determine how strain builds up slowly over
time before being released suddenly during an
carthquake. These new GPS measurements
contribute to improving the region’s earthquake
hazards assessments that help motivate people
1o prepare for earthquakes.

Scientists of the NSF-supported
Southern California Earthquake Center
(SCEC) designed and manage SCIGN.,
NASA's Jet Propulsion Laboratory (JPL), the
Scripps Institution of Oceanography at the
University of California at San Diego, and
the USGS are the principal SCEC partners
in SCIGN, and all data from the array are

openly available on the Internet.

Keys View, the 250th SCIGN station,
located in Joshua Tree National Park



HAZUS, The Standard
in Estimating
Earthquake Losses

“The success of HAZUS is that it did what is
was intended to do, and so much more. *
— Bill Holmes, Principal,
Rutherford & Chekene

ne of the most successful risk
assessment tools is HAZUS, or
Hazards U.S., a cutting edge

software program developed by FEMA with
the National Institute of Building Sciences
(NIBS). HAZUS uses an engineering-based
approach to estimate physical damage,
economic losses, casualties, and other societal
impacts from earthquakes.

Although originally conceived as a
standardized methodology, HAZUS quickly
evolved into an easily transportable sofcware
program that could be used by earthquake
engineers, universities, private industry,
and the public for numerous applications.
For example, HAZUS estimates provide
decision-makers with evidence of the nature
and extent of the earthquake risk in a
format useful for garnering public support
for public policies and acions to reduce
future earthquake damage and losses. State
and local governments, the private sector,
and communities use HAZUS to estimate
physical damage and economic loss to their
building stock, critical facilities, and lifelines
and utility systems, and to determine how
potential losses can be avoided or reduced by
preventive actions. HAZUS also estimates
debris generated, long- and short-term
shelter and alternative housing requirements,
and indirect economic losses such as
unemployment, losses in tax revenue and
production, and reduction in the demand
for products and spending. HAZUS also
can determine the impact of other hazards
that may be triggered by the main event,
such as ground failure, fire, and inundation
from dam failure.

Today, there are a number of
HAZUS user groups across the United
States supported by FEMA that provide
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AHAZUS User Group Meeting from
Michael Baker Corporation

the resources and knowledge to effectively
use HAZUS. FEMA supports HAZUS
to demonstrate its use in supporting state
and local government implementation of
the planning requirements of the Disaster
Mitigation Act of 2000 and through pilot
projects with the Department of Defense
to assess the vulnerability of facilities and
infrastructure.

Significant enhancements have been
made to HAZUS since its release in 1997.
FEMA is adding the capability to estimate
losses from flood and hurricane wind hazards
and will also link to models for estimating
exposure of people and property to other
technological hazards.

The Paramount in
San Francisco
“The application of research results to the

building industry is a notable achievement in
making our buildings safer.”

— Steven Cauffman, Research Engineer,
National Institute of Standards and

Technology

he Paramount, located in the
South Market area of downtown
San Francisco, is the tallest precast

concrete building in a high seismic zone in
the United States. The striking 39-story
residential apartment tower, completed in
2001 by Pankow Residential Builders II, L.P,
includes 486 apartments and parking for
350 cars in a total of 660,000 square feet of

building area. The Paramount s also the first
if

the disaster & Y,
industry, government, and the public with

application of the Precast Hybrid
Moment Resistant Frame (PHMRE) System.

The PHMREF is a dramatic new
structural building frame system that
has been developed over the past decade
by leading industry researchers and
experts. Although the design approach
is innovative, the PHMRF uses existing
concrete and steel materials and their
properties, but arranges them in a novel
way to maximize their benefics. In simple
terms, the make-up of the joint using
the PHMREF system allows it to work
like a shock absorber to accommodate
and counter the seismic forces that cause
a building to sway when an earthquake
strikes. While most modern buildings
will withstand a major earthquake if buile
in accordance with current building code
requirements, many of their structural
systems will be seriously damaged. The
design concept of the PHMRF provides a
well-defined joint location to accommodate
structure movement, significantly
minimizing structural damage during an
earthquake.

The development of the PHMRF
involved a consortium of industry researchers
and experts, including the NIST, the
University of Washington, and the Pankow
Companies. The NSF-sponsored initial
research and testing of the system in the
carly 1990’s. The capabilities of the system
have been recognized by building code
authorities and have been approved for use
by the International Conference of Building
Officials (ICBO).

The Paramount Project, utilizing the Precast
Hybrid Moment Resistant Frame, under
construction in San Francisco.
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The development and use of this strategic plan will result in a new era of coordination and
advancement for the National Earthquake Hazards Reduction Program. It will serve as a
mechanism to improve coordination among the agencies, and provide the broud vision that
NEHRP will use to move forward boldly into the 21% century. This NEHRP Strategic Plan,
respectfully submitted, represents the consensus view of the Policy Coordination Council (PCC).

Anthony S. Lowe (Chair) Dr. John A. Brighton
Director Assistant Director
Mitigation Division Directorate for Engineering
Emergency Preparedness and National Science Foundation

Response Directorate
Department of Homeland Security

Dr. Arden Bement Dr. Charles Groat
Director Director
National Institute of Standards and United States Geologica Survey

Technology
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March 1, 2003

Members of Congress:

This Strategic Plan is submitted in response to PL 101-614. It serves as an opzrational plan for
the National Earthquake Hazards Reduction Program (NEHRP) agencies and zuides Federal
earthquake research, loss reduction, and mitigation efforts in the U.S. The plan articulates the
mission and goals of the NEHRP, provides a framework for priority-setting ar d coordinating
activities, and defines priority areas for the future.

The plan was developed jointly among the four NEHRP agencies (FEMA, NIST, NSF, and
USGS) and the earthquake stakeholder community. Two workshops, involvir g over 60
stakeholders, were held in 1999 and 2000 to help identify priority implementation activities
(Appendices A and B). The input offered during the workshops has had a significant impact on
the overall direction of future earthquake hazard mitigation efforts as identified in the Plan. The
stakeholder involvement has assured that Federal efforts are coordinated with state and local
governments as well as the private sector.

The plan is also responsive to the desire of Congress that NEHRP emphasize coordination of
research activities, speedy transfer of new knowledge, and implementation of ‘he results and
technologies by the user community. This plan addresses demands for greater productivity,
efficiency, and accountability from the Federal government.

The Government Performance and Results Act of 1993 requires agencies consult with Congress
and stakeholders to clearly define their missions, establish long-term strategic goals, and set
annual objectives linked to the goals. This Plan is consistent with these requirements.

This is a living document. Factors affecting earthquake risk reduction may change and evolve
differently than expected, and therefore goals and objectives, priorities, strategies, and planning
contexts may change over the life of this plan. Consequently, the plan will be reviewed
biennially by the participating agencies to assess the status of implementation and refine or revise
approaches based on experience. The biennial review will coincide with the requirement for a
NEHRP report to Congress. A more formal and comprehensive review, to be performed every
five years, will involve internal and external stakeholders and may result in more substantive
changes.

The NEHRP Agencies
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Executive Summary

Earthquakes represent an enormous threat to the Nation. Although damaging earthquakes occur
infrequently, their consequences can be staggering. As recent earthquakes around the world have
demonstrated, high population densities and development pressures, particularly in urban areas,
are increasingly vulnerable. Unacceptably high loss of life and enormous economic
consequences are associated with recent global earthquakes, and it is only a matter of time before
the United States faces a similar experience.

Earthquakes cannot be prevented, but their impacts can be managed to a large degree so that loss
to life and property can be reduced. To this end, the National Earthquake Hazards Reduction
Program (NEHRP) secks to mitigate earthquake losses in the U.S. through both basic and
directed research and implementation activities in the fields of earthquake science and
engineering. This program is authorized and funded by Congress and is managed as a
collaborative effort among the Federal Emergency Management Agency (FEMA), the National
Institute of Standards and Technology (NIST), the National Science Foundaticn (NSF), and the
United States Geological Survey (USGS). These four Federal organizations work in close
coordination to improve the Nation’s understanding of earthquake hazards anl to mitigate their
effects. The missions of the four agencies are complementary: FEMA, a component of the
Department of Homeland Security, works with states, local governments, and the public to
develop tools and improve policies and practices that reduce earthquake losses; NIST enables
technology innovation in earthquake engineering by working with industry to “emove technical
barriers, evaluate advanced technologies, and develop the measurement and prediction tools
underpinning performance standards for buildings and lifelines; NSF strives to advance
fundamental knowledge in earthquake engineering, earth science processes, ar d societal
preparedness and response to earthquakes; and USGS monitors earthquakes, assesses seismic
hazard for the Nation, and researches the basic earth science processes controlling earthquake
occurrence and effects.

Mindful of the increasing threat posed by earthquakes, NEHRP initiated a review of the scientific
goals and strategies of the Program and a discussion of the opportunities and griorities for the
five-year interval 2001-2005. This review and discussion culminated in the new strategic plan
presented here. Shaping the plan are four goals that represent the continuum cf activities in the
Program, ranging from research and development to application and implementation. These four
goals are as follows:

A. Develop effective practices and policies for earthquake loss-reductio and accelerate
their implementation.

B. Improve techniques to reduce seismic vulnerability of facilities and systems.
C. Tmprove seismic hazard identification and risk assessment methods and their use.

D. Improve the understanding of earthquakes and their effects.

Executive Summary 1
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For each of these goals and their underlying objectives, specific implementation activities are
identified. Taken together, these activities do not represent a dramatic redirection of the
program, but instead serve to emphasize the importance of continued investment in several well-
established focus areas complemented by directed growth into a few new strategic areas of
opportunity. The latter represent areas where compelling, fundamental issues in earthquake
hazard reduction overlap with emerging technological opportunities, resulting in unprecedented
potential to make rapid advances in our knowledge and our implementation of such knowledge,
leading to the reduction of vulnerability. Six especially promising opportunities stand out:

¢ Upgrading seismic networks to allow for real-time notification of earthquake activity
and intensity of ground shaking,

e On-scale recording of strong motion to facilitate prediction of ground motion and its
effects,

¢ Simulation and testing of earthquake engineering design parameters,
e Development of performance-based seismic design methods,

e Monitoring of active fault zones to constrain the conditions that prevail prior to,
during, and after an earthquake, and

e Improving the effectiveness of earthquake risk mitigation efforts through utilization
of both existing and new research in the social, behavioral, and economic sciences

In addition to these challenges, NEHRP must also invest in the development of enhanced loss-
reduction policies and practices; increased use of tesearch findings by the building science, earth
science, and social science communities; improved technology transfer; expanded education on
earthquake issues; and increased incentives for earthquake mitigation. These product-oriented
activities are essential if the research and development efforts of NEHRP are t3 be translated in
to real progress in earthquake loss reduction.

Management of this Plan is shared by the NEHRP agencies. Each agency brings its strengths and
organization to bear in support of the NEHRP mission, and is committed to developing the
coordinated and cooperative actions identified in this strategic plan. Joint action of the agencies
and interagency coordination at all levels will be important including:

o Post-earthquake coordination

e Information dissemination

o Interagency Internet resources

e Coordinated project activities across agencies

Executive Summary 2
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e Coordination with external stakeholders
e Coordination of transfer of research into practice and technology

Strategic planning is a continuous process that flows from conception to planning,
implementation, assessment, improvement, and reporting. A biennial review will be carried out
by the participating agencies to assess the status of implementation and to refine NEHRP’s focus
based on experience. In addition, a comprehensive review of the NEHRP Strategic Plan will be
performed every five years, which may result in substantive changes in NEHRP’s activities.

Executive Summary
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Introduction

Earthquakes represent the largest single potential source for casualties and darnage from a natural
hazard facing this country. Although the location varies, the pattern is the same: an earthquake
strikes without warning, leaving cities in rubble and killing tens to hundreds of thousands of
people. Worldwide during the 20" century, there were ten earthquakes that esch killed in excess
of 50,000 people, and over 100 earthquakes that killed in excess of 1000 people.

The U.S. has been fortunate in recent years in that its urban centers have largely avoided a direct
hit from a “major” (M7.0 or greater) earthquake. Since the great Alaska earthjuake of 1964,
there have been twenty-six major earthquakes in the U.S. and none has claimed more than 635
lives. One reason for this low impact is that most of these events occurred in remote areas such
as the Aleutian Islands or the Mojave Desert. Even the two most noteworthy events—the M7.1
Loma Prieta earthquake of 1989 and the M6.7 Northridge earthquake of 1994 (both with
significant damage costs—occurred along the fringes of major metropolitan areas and struck
during off-hours when impact was reduced.

It is only a matter of time before one or more large earthquakes strike the U.S. in a densely
populated region. All but seven states in the U.S. are exposed to significant earthquake risk,
including many large metropolitan arcas. FEMA, a component of the Department of Homeland
Security, estimates that the current annualized carthquake loss for the U.S. is $4.4 billion per year
(HAZUS 99 Estimated Annualized Earthquake Losses for the United States, FEMA #366, Sept.
2000). This estimate, however, represents the expected loss averaged over meny years. Ifa
large-magnitude earthquake strikes a major metropolitan area, the actual loss will be significantly
larger.

One only needs to look to Japan’s experience during the 1995 Kobe earthquake to appreciate the
catastrophic potential of even a moderate urban earthquake. The M6.7 Kobe earthquake—
similar in size and duration to the Northridge earthquake—caused $100-200B in damage and
approximately 5500 fatalities. The earthquake’s impact was significantly larger than that of the
Northridge earthquake ($40B and 57 lives lost), which ranks as the costliest natural disaster to
strike in the U.S. The high price tag of the Kobe earthquake is due principally to its location—
the event was centered beneath a highly urbanized region whereas Northridge was positioned
beneath the northern edge of the Los Angeles metropolitan area. The U.S. was lucky.

Vulnerability to earthquakes in the U.S. is growing at an alarming rate. Population growth,
urbanization, and infrastructure expansion are all contributing to this trend. In addition, a large
inventory of existing structures lack earthquake-resistant design and have not heen retrofitted to
meet current design codes. A large-magnitude earthquake near one of several urban regions
could cause thousands of deaths and financial losses approaching $100-200 bi'lion. Bold action
must be taken today to counter this trend and to develop effective, long-term, sustainable
strategies for building earthquake-safe communities. An action plan to achievs this goal is the
focus of this document.

Introduction 5
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Background

Responsibility for reducing carthquake risks is shared by Federal, state, and local governments
and the private sector. The National Earthquake Hazards Reduction Program (NEHRP) is the
Federal government’s coordinated approach to addressing earthquake risks. NEHRP was
established by Congress in 1977 as a long-term, nation-wide program to reduce the risks to life
and property in the U.S. resulting from earthquakes. NEHRP comprises the Fzderal Emergency
Management Agency (FEMA), the National Institute of Standards and Technclogy (NIST), the
National Science Foundation (NSF), and the United States Geological Survey (USGS). The
premise of the Program is that while earthquakes may be inevitable, earthquake disasters are not.

The NEHRP agencies work jointly and in cooperation with other Federal and state agencies;
local governments; private companies; academic institutions; and regional, voluntary, and
professional organizations to improve the Nation’s understanding of earthquake hazards and to
develop methods to reduce their effects. Underpinning earthquake risk reduction is research that
develops new knowledge about, and understanding of, 1) the earthquake hazaid, 2) the response
of the natural and built environment to that hazard, and 3) techniques to mitigite the hazard. The
foremost challenge facing NEHRP is encouraging the use of knowledge to foster risk reduction
among local and state agencies and private entities.

Statement of the program’s mission provides strategic guidance:

The mission of the National Earthquake Hazards Reduction Program is to develop
and promote knowledge and mitigation practices and policies that reduce fatalities,
injuries, and economic and other expected losses from earthquakes.

The four NEHRP agencies each contribute their own unique set of skills and capabilities to the
combined NEHRP mission:

FEMA has primary responsibility for overall planning and coordination of the NEHRP program.
FEMA works to translate the results of research and technology development :nto effective
earthquake loss reduction measures at state and local levels of government. It supports public-
private partnerships to develop disaster-resistant communities, helps state and local government
decision-makers by providing estimates of potential losses due to earthquake tazards, develops
earthquake risk-reduction tools and measures, prepares technical guidance aimed at improving
the seismic safety of new and existing buildings and lifelines, and prepares and disseminates
information about building codes and practices. FEMA also develops and supports public
education to increase awareness of earthquake loss reduction measures.

NIST is responsible for problem-focused research and development in earthquake engineering
aimed at improving building codes and standards for both new and existing construction and
advancing seismic practices for structures and lifelines. This work is focused on removing
technical barriers, evaluating advanced technologies, and developing measuretnent and
prediction tools underpinning performance standards needed by the U.S. design and construction
industry.

Background 7
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NSF supports a broad range of basic research covering the geoscience, enginecring, economic,
and social aspects and impacts of earthquakes. NSF supports basic research into the causes and
dynamics of earthquakes, plate tectonics, and crustal deformation. It funds research on
geotechnical, structural, architectural, and lifeline systems and expands the Nztion’s earthquake
engineering research capabilities. NSF supports research on the social, behavioral, and economic
aspects of earthquake hazard mitigation. It also supports the education of new scientists and
engineers, the integration of research and education, and outreach to professionals and the
general public.

The USGS conducts and supports basic and applied earth science investigations that increase
knowledge about the origins and effects of earthquakes, produces national and regional
assessments of seismic hazards, and carries out engineering seismology studies of ground
shaking. USGS also has primary responsibility for monitoring earthquake activity in the U.S.
and for coordinating post-earthquake reconnaissance investigations. USGS supports an external
research program and works with a number of partners and stakeholders to traasfer its
earthquake-related products into practice.

Figure 1. Interconnection of the four NEHRP agencies

The activities of the NEHRP agencies form a complementary program that has the ultimate aim
of reducing earthquake losses across the Nation. At its foundation is research, which underpins
nearly all of NEHRP’s activities. The basic research supported and conducted by NSF and
USGS extends across a number of earthquake-related disciplines including earthquake
engineering, seismology, geology, and the social sciences. The knowledge gained from this basic
research is utilized by NIST to help industry adopt and use innovative technologies through
problem-focused research and development aimed at removing technical barriers, evaluating
advanced technologies, and developing measurement and prediction tools underpinning
performance standards for buildings and lifelines.

Background 8
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Similarly, an improved understanding of earthquake processes is utilized by the USGS to
develop long-range earthquake probability forecasts, hazard assessments, and ground motion
maps. FEMA then synthesizes the NIST and USGS applied research results into useable loss-
reduction tools and methods. It also uses the research results to guide policy and practice in
seismic risk reduction. Feedback loops at every step in the process stitch these separate program
pieces—and the stakeholder community—together, so that results are shared, sroduct needs are
communicated back to the researchers, and program priorities are revised as needed.

An example of how this coordinated process has been effective in the past is presented here as
insight into the way in which NEHRP expects to operate in the future. This example describes
the research-to-practice pipeline that has been the lifeblood of NEHRP,

Example of NEHRP Coordination: State-of-the-Art Building Codes

An excellent example of the success of the NEHRP process is the incorporation of sc:ismic provisions
into the International Building Code (IBC), International Residential Code (IRC), and the codes being
developed by the National Fire Protection Assoctation (NFPA). Building codes have: been recognized as
one of the most effective tools for mitigating earthquake losses, and NEHRP activitics have had a direct

il effect on the building code process in the United States, even though NEHRP has no regulatory authority.
 This process shows the success of both long term and short-term efforts on the part of NEHRP.

Over the past 20 years, a significant body of basic research work has been accomplished by NSF and the
USGS in the areas of earthquake engineering, geoscience, and seismology. This fundamental research
work, and the use of the earthquake monitoring networks by USGS, has allowed the Jevelopment of
detailed seismic hazard maps by USGS, and the development of significant earthquaice engineering
knowledge by NSF.

In parallel, FEMA, with the assistance of NIST, has developed and continued to refine the NEHRP
Recommended Provisions, a guidance document for the seismic design of structures; directly
incorporating the results of scientific advances of both NSF and USGS. The seismic hazard maps
developed by USGS are directly referenced in the Provisions, and NSF research results are used
throughout the document. In addition, during the periodic revisions of the Provision:, numerous
unresolved issues have been forwarded back to USGS and NSF for their attention in future research.
This guidance document within the engineering profession is regarded as the state-of-the-art in
earthquake design guidance.

National implementation of new design standards is done through the adoption and eaforcement of
building codes, FEMA and USGS work with state and local governments and multi-state consortia to
improve hazard identification and to promote the adoption of the building codes in seismically at-risk
communities and states. In addition, the NEHRP Recommended Provisions was seleited by model code
organizations to be the basis for the seismic design provisions of the IBC and IRC, and will also be the
basis of the codes being developed by NFPA,

This example clearly shows the significant and direct inmpact that NEHRP activities and coordination
have had on the seismic safety of citizens, and the critical need to continue to invest mn, and strengthen,
] the NEHRP partnership.

Background 9
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Future Challenges, Opportunities, And Priorities

As we begin the twenty-first century, the estimated impact of a major urban earthquake is
increasing dramatically as urban growth and capital investment in earthquake-prone areas
continue.

In particular, NIST currently occupies a critical niche in the Program: mining ~he basic
earthquake engineering research of NSF and developing applied products and engineering
guidelines that can be implemented by FEMA to reduce earthquake risk. Historically, the
relative breakdown in funding among the agencies has been as follows:

30%

Figure 2. Relative Funding Levels of NEHRP Agencies

NEHRP has made substantial progress in hazards reduction since its inception in 1978. NEHRP
has succeeded in establishing regional and national seismic networks that provide reliable, rapid
information on recent earthquake activity for decision makers and the public. NEHRP has
integrated 20 years of seismological, geophysical, and geological research into national seismic
hazard maps that portray seismic hazards in a probabilistic sense and which quantify expected
ground motions. These hazard assessments and their underlying databases are now being used in
conjunction with NEHRP-developed loss-estimation tools to assess earthquake risk and to design
strategies to mitigate it. From an engineering perspective, NEHRP has succeeded in providing
improved design guidance for new and existing buildings, and in working with local
governments, advocacy groups, and professional engineering associations to sce that these
guidelines are adopted and incorporated into building codes. NEHRP researct ers continue to
advance earthquake-engineering technology while working closely with industry to translate this
new technology into practice. NEHRP has also excelled at translating the technical research
results from the earth and engineering sciences into tools, guidelines, and informational products
that are distributed to state and local governments, emergency managers, professional societies
and other stakeholders to elevate the state of knowledge on earthquake issues «cross the country.
The overall success of NEHRP is reflected in the resilience of communities that have been tested
by significant earthquakes during the past decade. But these same communities also demonstrate
that there is still progress to be made.

Goals and Objectives 12
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Looking forward, a number of compelling issues confront NEHRP. These iss.es occur on
multiple time lines: some are more immediately addressable (10-15 years), wtdle others may not
deliver a payoff for many years. The most noteworthy challenges are as follows:

¢ Providing real-time reports of seismic activity and associated shaking intensity,

s Predicting ground motions in at-risk urban areas and determining how these ground
motions interact with structures,

Understanding performance of structural systems,

Designing structures to explicitly reduce financial losses,

Predicting earthquakes and their magnitude, and

Improving the effectiveness of earthquake risk mitigation efforts through utilization of
both existing and new research in the social, behavioral, and economic sciences.

In this report we propose several new or expanded research and development activities
specifically designed to address these future challenges. Each of these proposed activities is a
high priority for NEHRP and each is designed to complement ongoing NEHR?P activities.
Because of the scope and magnitude of these proposed activities, however, the ability of the
NEHRP agencies to implement them is limited under existing funding. We summarize these
proposed activities as follows:

Real-Time Seismic Monitoring and Reports of Ground Motion Intensities
Recent and unprecedented advances in information technology, telecommunications, and digital

electronics now allow for real-time, high fidelity monitoring of seismicity across the Nation. An
upgraded seismic monitoring system in the U.S. would enable rapid assessments of the
distribution and intensity of earthquake shaking, thereby allowing emergency response officials
to assess, within minutes of an event, where damage is likely to be concentrated and how
emergency resources should be allocated. Someday, the new technology may 2ven allow for a
few seconds of warning of impending strong seismic shaking from distal earthquakes already in
progress. The USGS funds the Advanced National Seismic System (ANSS) an effort to update
current instrumentation and provide this real-time monitoring capability.

Prediction of Strong Ground Motion and Its Effect on Structures
The first step to predicting ground motion is to expand the observational database of strong

motion recordings. Few if any complete recordings of strong motion near an earthquake’s source
have ever been recorded. Typical seismic networks are composed of sensors designed to record
earthquakes at great distances from an earthquake; these sensors go off scale when strong
shaking occurs at distances near the instrument. With improved recordings and more detailed
information on geologic structures and near-surface physical properties, it will soon be possible
to compute synthetic time series that contain all of the critical information on the expected
ground shaking, in addition to its duration. These synthetic time histories are needed by
engineers if they are to determine how ground motion interacts with structures and consequently,
how to improve engineering design standards. The ANSS, described above, calls for
instrumentation that would permit on-scale recording of seismic shaking at over 7000 ground-
based sites and structures. ANSS expands the observational database of ground motion

Goals and Objectives 13
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recordings, thereby providing data that are critical to improving design standa-ds and building
practices.

Earthquake Engineering Simulation and Testing

Improved engineering design standards have traditionally followed from observational testing,
where the observation was made from testing on-scale models and structural components in an
experimental facility or observed during post-earthquake reconnaissance. However, dynamic
testing of full-scale structures subjected to strong shaking is both logistically dlifficult and
prohibitively costly. Fortunately, increased computational capabilities now allow for a new
means of engineering design testing through computer simulation. The latter can be directed at
both individual structural components and at integrated systems. Testing of complex structures
and processes can be performed with real-time coordination at several facilities with enhanced
capabilities and information stored and shared on-line, using Internet technology to integrate and
interconnect nationally distributed facilities. The resulting information would then be integrated
into improved guidelines for practice and activities that include NIST and FEMA., The NSF has
secured funding to develop such a facility, referred to as the Network for Earthquake Engineering
Simulation (NEES), which is expected to be on-line in 2004. The facility will include linkages to
observational data acquired by USGS through ANSS, thereby allowing calibrztion of simulation
results with observed strong motion recordings from structures and lifelines.

Performance-Based Seismic Design

Building codes have traditionally been designed to limit loss of life, not to guarantee a specific
level of structural performance. In principle, however, it is possible to design for a range of
performance objectives (i.e., “damage states™) for a given seismic event. This concept, known as
performance-based design, represents the next generation of code development and is a high
priority for NEHRP. In addition to the need for performance-based designs for buildings, there
also is a need to develop performance-based standards for lifelines. Lifelines include
transportation systems (bridges, highways, railroads, airports), water and sewerage, electric
power, communication systems, and gas and liquid fuel pipelines. With the exception of bridges
and large buildings, most lifelines are constructed without any special codes or guidelines for
seismic resistance. The production of performance-based design codes for buildings and lifelines
would allow the owner and builder to design a structure to an acceptable damage state, i.¢., they
could explicitly design for reduced financial losses. The end result would be a better
understanding of the economic implications of the seismic risk and the ability to manage that
risk. A NEHRP effort to develop performance-based codes is proposed herein and would be lead
by FEMA and NIST, with support from NSF and USGS.

Monitoring of Strain and Physical Properties Within and Across Active Fault Zones

The ultimate goal for earthquake seismologists is the prediction of earthquakes. Currently it is
not clear that earthquake prediction is realizable; earthquake nucleation may be an inherently
unstable process that does not lend itself to prediction. However, it is possible to monitor active
fault zones to diagnose their strain state and to capture the conditions that prevail when an
earthquake initiates. New technologies utilizing advanced drilling techniques and satellite-based
geographic positioning systems (GPS) now afford unprecedented opportunities to measure strain
accumulation and the physical conditions under which earthquakes occur.
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As part of a new initiative known as EarthScope, NSF is proposing to develop four new earth
science facilities that will contribute to NEHRP goals: USArray, the San Andreas Fault
Observatory at Depth (SAFOD), the Plate Boundary Observatory (PBO) and the Interferometric
Synthetic Aperture Radar (InSAR) satellite. Multi-agency partnerships will be necessary to
accomplish the construction of EarthScope including USGS and NASA. USAurray will determine
the detailed 3-dimensional structure of the earth’s crust, which will be necessary to develop
estimates of earthquake ground motion. SAFOD is designed to monitor physical properties
within the earthquake zone of the San Andreas Fault. This observatory will revolutionize the
understanding of earthquake processes by enabling, for the first time, direct mzsasurement of the
physical conditions under which earthquakes occur and will allow for direct observation of the
processes of earthquake ruptures. Both PBO and InSAR permit measurement of the rate and
distribution of strain buildup and release before, during, and after earthquakes. PBO will consist
of high precision, continuously recording GPS receivers and strain meters that will permit
measurement of the rate and distribution of strain buildup. InSAR also measures crustal
distortion but with revolutionary spatial resolution. All elements of EarthScope are designed to
complement each other to provide an integrated picture of the structure and dynamics of the
earth's crust. Collectively these facilities are essential if NEHRP is to advance the physical
understanding of the mechanics of earthquakes and determine whether earthquake prediction will
ever be possible.

Improved Use of Social Sciences to More Effectively Mitigate Earthquake Risks

One of the historic problems in successful implementation of earthquake risk reduction efforts
has been the lack of understanding of factors that motivate action. A considerable body of
knowledge in the areas of social, behavioral, and economic science exists that can provide great
insight into the nature of decision making, risk communication, and the human dynamics
involved in hazard mitigation. In addition, there is a need for both continued focused research
and transfer of research results into practice in this area. FEMA and NSF will work together to
identify and transform existing research into practice, and to identify topics where further
research is needed.

Each of the topics discussed above represent scientific and technologic growth areas that have the
potential to deliver dramatic advances in our understanding of earthquake processes and our
ability to mitigate their effects. As such, these new growth areas symbolize new lifeblood for
NEHRP’s research-to-application pipeline, which is the foundation of the Program’s success.
Support for research in science and technology alone, however, is not sufficient. Success cannot
be achieved without the effective and timely transfer of information to the myriad of potential
users, ranging from the general public to engineers, planners, government officials, business
leaders, and many others.

In the pages that follow, the NEHRP agencies outline a bold action plan for developing effective,
long-term, sustainable strategies for building earthquake-safe communities. This plan provides
the necessary balance among the research, development, and implementation activities of
NEHRP and is structured around four main goals. These goals do not stand alone, but instead
are strongly linked such that knowledge gained under one goal feeds research, development, and
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implementation efforts in the other goals. For this reason, overall success in earthquake
mitigation requires that efforts in the four programmatic areas be appropriately coordinated.
Specific implementation activities are discussed separately for each of the four goals. In
addition, a philosophy is also presented that will guide how the NEHRP agencies implement
Program management and coordination, and how they will measure program performance.

Goals and Objectives
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Goals And Objectives

Goals

The goals and objectives of NEHRP lay a foundation on which the program builds its mission to
reduce earthquake losses. The goals are of equal priority and are mutually dependent:

A.  Develop effective practices and policies for earthquake loss-reduction and
accelerate their implementation. Promote earthquake loss-reduction activities and
support those who adopt, implement, and enforce such policies and practices.

B. Improve techniques to reduce seismic vulnerability of facilities and systems.
Develop, improve, and disseminate products that guide design and construction
practices and land-use planning, and improve professional practice.

C. Improve seismic hazards identification and risk-assessment methods, and their
use. Develop, improve, and disseminate products that portray earthcouake-related
hazards accurately and quantify seismic risk.

D. Improve the understanding of earthquakes and their effects. Support research to
understand the processes that lead to earthquakes and associated ha:ards and to
advance engineering, social, behavioral, and economic knowledge.

Objectives
The following objectives indicate how the NEHRP agencies will achieve each goal:

Goal A. Develop effective practices and policies for earthquake loss-reduction and
accelerate their implementation.

1. Develop and provide information on earthquake hazards and loss-reduction measures to
decision-makers and the public. NEHRP will develop information to increase knowledge
about earthquake hazards, to understand the risks, and to assist decision-makers in evaluating
loss reduction alternatives. NEHRP will also foster development and dissemination of
knowledge and tools that are formulated to meet user needs.

2. Promote incentives for public and private sector loss-reduction actions. NEHRP will

support community-based efforts to develop and implement economic and othzr incentives that
promote loss-reducing actions, and create disaster-resistant and sustainable communities.
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3. Advocate state and local government practices and policies that reduce losses in the
public and private sectors. NEHRP will collaborate with state and local government officials,
associated advisory bodies, and regional earthquake consortia to provide techrical and other
assistance for developing, adopting, and evaluating earthquake loss-reduction measures in at-risk
states and communities.

4. Implement policies and practices that reduce vulnerability of Federal facilities. NEHRP
will support the Interagency Committee on Seismic Safety in Construction (ICSSC) and its
member agencies in developing and implementing practices and policies for earthquake risk
reduction for buildings and lifelines that are owned, leased, assisted, and regulated by the Federal
government.

5. Develop the Nation’s human resource base in the earthquake field. NEHRP will support
education and training for engineers, practicing design and construction professionals, planners,
facility managers, and emergency managers through continuing education programs. NEHRP
will also support educational activities for university students, K-12 school children, and the
general public to facilitate a broader, informed understanding of earthquake hazard, risk, and
mitigation.

Goal B. Improve techniques to reduce seismic vulnerability of facilities and systems.

1. Facilitate technology transfer among standards organizations, state and local
governments, and private-sector professionals. NEHRP will support development and
publication of design, construction, evaluation, and upgrade guidelines and pre-standards for
consideration by national organizations that develop codes and standards for buildings and
lifelines. NEHRP will also develop tools to assist in the use of those guidelines. NEHRP will
work with professional and trade associations to promote the use of new technology.

2, Improve earthquake loss-reduction knowledge and the quality of practice. NEHRP will
support problem-focused and fundamental research by academia and the private sector to fill
knowledge gaps and provide the technical basis for design, construction, evaluation, and upgrade
guidelines and pre-standards. NEHRP will also support the exchange of information to maintain
awareness of national and international developments in earthquake mitigatior: technology.

3. Support efforts to improve seismic standards and codes and improve design and
construction practices for buildings and lifelines. NEHRP will support periodic revision of
the NEHRP Recommended Provisions for Seismic Regulations for New Buildings and Other
Structures, application of the NEHRP Guidelines for the Seismic Rehabilitation of Buildings, and
development of design and construction criteria for lifelines, including utility and transportation
systems. NEHRP also will support post-earthquake investigations to identify knowledge gaps
and will conduct studies to address special problems identified after major earthquakes.
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Goal C. Improve seismic hazards identification and risk assessment methods, and their
use.

1. Provide rapid, reliable information about earthquakes and earthquake-induced
damage. NEHRP will continue to support the operation of regional data centers, the National
Earthquake Information Center (NEIC), the Global Seismic Network (GSN), the International
Seismic Centre (ISC), and the IRIS Data Management Center (DMC). In addition, NEHRP will
deliver rapid, accurate reports on the intensity and distribution of strong ground shaking in urban
areas following damaging earthquakes. NEHRP will also propose to implement the ANSS.

2, Improve seismic hazard characterization and mapping. NEHRP will ilnprove hazard
assessment methods and produce updated national-scale ground-shaking maps and related
products on a regular basis. NEHRP will also work with cooperators to develop a standard
methodology for production of large-scale seismic hazard maps for urban regions.

3. Support development and use of risk and loss assessment tools. NEHRP will support
improvement of loss estimation and risk assessment tools and the development of next
generation databases. Testing and dissemination of the nationally applicable loss-estimation
model will continue. States and communities will be encouraged to provide dztailed data on
local geology, building inventories, and utility and transportation systems to enable more
accurate planning and establishing of priorities.

Goal D. Improve the understanding of earthquakes and their effects.

1. Improve monitoring of earthquakes and earthquake-generating processes. NEHRP will
continue to develop improved seismic monitoring capabilities geared toward full-waveform
recording, real-time reporting, and improved network integration. NEHRP also will continue to
support and expand other monitoring systems and the use of satellite-based observational
systems for monitoring the deformation of the earth’s crust due to earthquakes and earthquake-
generating processes.

2. Improve understanding of earthquake occurrence and potential. NEHRP will support
research into the processes by which earthquakes occur, including studies of how large
earthquakes initiate and grow, the role of fault zone geometry and mechanical properties, and the
effect of changes in earth stresses.

3. Improve earthquake hazards assessments and develop earthquake-potential estimates as
planning scenarios. NEHRP will support a broad-based research program on earthquakes and
ground failure by improving quantification and understanding of the extent of hazards and by
encouraging use of that knowledge for planning purposes.

4. Improve fundamental knowledge of earthquake effects. NEHRP will support research on

the nature of strong ground shaking from earthquakes, how it is affected by seismological and
geological factors, and how its characteristics are related to permanent ground deformation and
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damage. These efforts will include investigations of damage from domestic and foreign
earthquakes and collaboration with non-U.S. research programs.

5. Advance earthquake engineering knowledge of the built environment. NEHRP will
implement the Network for Earthquake Engineering Simulation (NEES) to improve the seismic
design and performance of U.S. civil and mechanical infrastructure systems through
collaborative and integrated experimentation, computation, theory, databases, and model-based
simulation.

6. Advance understanding of the social and economic implications of earthquakes. NEHRP
will support earthquake-related social science and policy research to advance understanding of
the social and economic impacts of earthquakes, determine levels of risk deemed acceptable by
various groups in society, and reduce the social, economic, and political barriers to effective
earthquake risk reduction.

Implementation

The following sections describe, by goal and objective, specific NEHRP priorities and activities
that the agencies intend to pursue in the near term. Because the amount of avzilable resources
has a distinct bearing on the scope and breadth of activities, the discussion has been framed to
reflect what can be accomplished at current funding levels.
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Goal A. Develop Effective Practices and Policies
For Earthquake Loss-Reduction and Accelerate
Their Implementation

Through Goal A, NEHRP seeks to reduce the seismic vulnerability of the built and social
environments by disseminating earthquake hazard and risk information and advocating risk
reduction techniques. Activities identified under Goal A are designed to accelerate earthquake
loss reduction in the public and private sector by engaging and supporting pariners at the local,
state, and national levels. FEMA is the primary agency carrying out Goal A eforts, with NIST,
NSF, and USGS playing important supporting roles.

NEHRP will continue to use existing resources to develop partnerships as described in the
sections below to provide risk assessment and risk reduction tools to local business and
government leaders, to provide training to design and construction professionels, and to advocate
the adoption and enforcement of state-of-the-art codes and land-use practices for buildings and
lifelines.

The following sections address current and future NEHRP activities under each of the five
objectives of Goal A.

1. Develop and provide information on earthquake hazards and loss-reduction measures to
decision makers and the public.

NEHRP will develop information to increase knowledge about earthquake hazards, to
understand the risk, and to assist decision-makers in evaluating loss reduction alternatives.
NEHRP will also foster development and dissemination of knowledge and tools that are
Jformulated to meet user needs.

Under Objective 1, NEHRP’s priorities are to:

e Promote the use of NEHRP resource materials to evaluate seismic risk and mitigation
alternatives.

e  Work with professional organizations, universities, and local and national partners to
distribute NEHRP products and promote adoption of risk reduction measures.

NEHRP and its partners generate a large range of products that address earthquake hazards,
document the associated seismic risk, and provide loss-reduction altemnatives. These products
are largely the outgrowth of activities in Goals B, C, and D of the program. Successful
mitigation requires that these products be effectively understood, distributed, accepted, and used,
and that a broad base of earthquake-aware individuals be developed and nurtured at all levels.
To accomplish these goals, NEHRP pursues a variety of different means to distribute its tools
and products so that they can be utilized effectively. Publications, press releases, web sites, and
symposia are some of the traditional means of information dissemination. FEMA-supported
multi-state consortia (CREW, CUSEC, NESEC, and WSSPC) are utilized as coordinators and
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policy centers for states and communities with similar seismic risk characteristics. Additionally,
NEHRP works with its grantees in the regions, such as the three NSF-supported earthquake
engineering research centers (MCEER, MAE, PEER) and the NSF/USGS supported
multidisciplinary Southern California Earthquake Center (SCEC), to provide local outreach
programs designed to educate the public, promote earthquake awareness, and develop strategies
to transfer research findings into implementation.

NEHRP and its partners also work with professional organizations and multi-state consortia to
develop the most effective means to communicate seismic hazard and risk issues and to better
determine the needs of NEHRP audiences. This approach enables NEHRP to reach potential
mitigation advocates effectively while also establishing a feedback loop to assure that projects
are optimized to meet user needs. NEHRP provides the seismic expertise, while the professional
organizations and regional consortia provide translation of the needs of their constituencies, such
as the insurance industry, utility operators, facilities managers, design and construction
professionals, and land-use planners. Funding for these collaborative efforts is often shared,
thereby leveraging the ability of NEHRP to provide crucial knowledge transfer activities. In
order to increase the promotion of risk reduction measures, NEHRP will increase its efforts to
work with professional organizations to promote the use of risk-reduction tools by their
members.

One professional group that receives special focus from NEHRP is the structural engineering
community. NEHRP utilizes university-based earthquake engineering centers (MAE, MCEER,
PEER) and related Internet distribution channels (e.g., EQNET, CUREE, and NISEE) as a means
of disseminating earthquake information to the professional community and the general public.
NEHRP also works directly with engineering-based professional organizations (EERI, BSSC,
ASCE, ATC, COSMOS) to promote guidelines development, to coordinate post-earthquake
activities, and to translate and disseminate research results to practicing engineers. In the future,
the NSF-funded Network for Earthquake Engineering Simulation (NEES) project will be an
increasingly important nexus for information flow from the experimental research community to
practicing professionals, with translation of the research results to local decision makers and the
public.

As the need for reducing risks becomes more urgent in increasingly developed, at-risk
communities, NEHRP must reach beyond traditional end-users. State-of-the-art resources must
be provided to a larger group of design professionals and those in the construction trades, as well
as land-use planners, emergency managers, and public administrators. Products must be
specially crafted to meet the needs and backgrounds of individual audiences. NEHRP will work
with researchers in the behavioral, policy, and social sciences to determine the most effective
means to communicate seismic hazard and risk-reduction messages to these target andiences.
NEHRP will also expand its use of the Internet as a medium for product distribution and hazard
awareness.
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2. Promote incentives for public and private sector loss-reduction actions.

NEHRP will support community-based efforts to develop and implement economic and other
incentives that promote loss-reducing actions, and create disaster-resistart and sustainable
communities.

Under Objective 2, NEHRP’s priority is to:

* Promote seismic risk reduction through partnerships with local communities and
businesses. Advocate the use of incentives as a means of improving disaster resistance.

Mitigation is accomplished locally, and thus a successful earthquake mitigation program requires
the involvement and commitment of local communities and businesses. Recoznizing this,
FEMA has established a nation-wide initiative to build disaster-resistant comnunities through
local partnerships. This initiative is based on three principles: 1) preventive actions must be
decided at the local level, 2) private sector participation is vital, and 3) long-term efforts and
investments in prevention measures are essential. FEMA provides incentives for risk reduction
activities within these communities, including small start-up funding as well as technical
assistance through its National Earthquake Technical Assistance Program. FEMA, together with
other NEHRP agencies, also works with communities to identify risks, prioritize needs, and
develop long-term plans to protect each disaster-prone community. Increasingly, communities
are using means such as the transfer of development rights into less hazard-prone areas to
mitigate their risk. An essential element in the crafting of these mitigation strategies is the use of
NEHRP tools and products (such as seismic hazard maps and HAZUS loss estimation software)
to identify areas of a community that are most vulnerable to seismic hazards. TEMA also
engages local and national businesses to promote disaster prevention efforts. (One example is the
promotion of low-interest loans—established in partnerships with banks doing business in the
community—for mitigation of existing buildings. These activities are not only a good source of
public relations for companies, they also result in more resilient communities, which improve the
economic viability of the business over time. Finally, FEMA works with its NEHRP partners to
promote the adoption of state-of-the-art building codes in communities and to insure access to,
and use of, the latest seismic engineering design and retrofit techniques.

3. Advocate state and local government practices and policies that reduce losses in the
public and private sectors.

NEHRP will collaborate with state and local government officials, associated advisory
bodies, and regional earthquake consortia to provide technical and other ussistance for
developing, adopting, and evaluating earthquake loss-reduction measures in at-risk states
and communities.

Under Objective 3, NEHRP’s priorities are to:

* Promote seismic risk reduction at the state and local government level rthrough
partnerships with seismic advisory boards and multi-state earthquake consortia.
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¢ Promote adoption of updated building codes by states and local goverrments to enhance
seismic risk reduction.

* Encourage mitigation during disaster recover efforts.

The primary step that NEHRP advocates for at-risk states to achieve earthquake mitigation is to
establish a seismic safety advisory board to serve as the statewide authority fo: seismic hazard
identification and risk reduction. Currently 13 states and territories have established seismic
safety advisory bodies. These boards provide advice to elected officials, deve.op seismic risk
mitigation programs, and sponsor legislation directed at improving seismic sasety. A goal of
NEHRP is to expand this to all of the 45 states and territories that have been identified as having
moderate to very high earthquake risk.

NEHRP also places a high priority on working with states and local governments to promote
seismic risk reduction through the adoption of building codes with up-to-date seismic provisions.
The first International Building Code (IBC) and International Residential Code (IRC), which
include state-of-the-art seismic components, were released in 2000. NEHRP will increase its
efforts to actively promote the adoption of this code by at-risk states and comraunities, as well as
other seismic-resistant codes such as those recommended by the National Fire Protection
Association (NFPA). (For a discussion of the NEHRP’s building code role, sce Goal B.) The
enforcement of codes with seismic components that states and communities have adopted will be
promoted through existing public and private-sector partnerships.

Through FEMA, NEHRP also provides financial and technical support on an :mnual basis to
states and territories at moderate and high seismic risk as an incentive for these states and
territories to work with their most vulnerable jurisdictions. Multi-state consortia (e.g., CREW,
CUSEC, NESEC, and WSSPC) are also funded to serve as coordinators and policy centers for
states with similar seismic risk characteristics. Lastly, FEMA uses the Emergency Management
Performance Grant (EMPG) program to urge at-risk states to assess the vulnerability of their
facilities, and to develop plans to reduce the identified risks.

A final area where NEHRP can work to reduce earthquake vulnerability is to encourage
mitigation practices after natural disasters occur. After a disaster, affected citizens as well as
local decision makers are frequently more receptive to mitigation, and this rep-esents a
tremendous opportunity to introduce carthquake mitigation measures. FEMA will therefore
increase efforts to develop and provide carthquake mitigation tools and practices designed to be
introduced into local disaster recovery efforts.

4. Implement policies and practices that reduce vulnerability of Federal facilities.
NEHRP will support the Interagency Committee on Seismic Safety in Construction (ICSSC)
and its member agencies in developing and implementing practices and pclicies for

earthquake risk reduction for buildings and lifelines that are owned, leased, assisted, and
regulated by the Federal government.
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Under Objective 4, NEHRP’s priorities are to:

® Reduce the risk to existing and future Federal facilities through partnerships with Federal
agencies.

¢ Provide state-of-the-art risk-reduction standards to all affected Federal agencies.

The Federal government must set an example for both the public and private sectors, including
the implementation of effective hazard mitigation measures for more than 500,000 buildings that
it owns, leases, assists, and/or regulates throughout the country. The ICSSC was established as
part of NEHRP by the Earthquake Hazards Reduction Act of 1977 to assist Federal departments
and agencies in developing and incorporating earthquake hazard reduction measures into each
organization’s ongoing facilities management program. The chair of the ICSSC is the Director
of NIST or his designee, who reports to FEMA leadership. FEMA, NIST, NSF, and USGS are
ICSSC member agencies. Twenty-eight other Federal departments and agencies are also
members of the ICSSC, which recommends uniform practices and policies to ~educe earthquake
risk at both new and existing Federal facilities, including buildings and lifelines. These ICSSC
recommendations are primarily embodied in two Executive Orders: EQ 12699, Seismic Safety of
Federally Assisted or Regulated New Building Construction, and EO 12941, Seismic Safety of
Existing Federally Owned or Leased Buildings. FEMA has overall responsibility for carrying
out Executive Orders, and provides progress reports to Congress; FEMA and NIST share
responsibility in providing technical assistance to ICSSC member agencies in implementing the
Executive Orders. To assure compliance with the requirements of the Executive Order, the
ICSSC conducts periodic studies to compare the equivalence between the model building codes
and standards issued by the private sector and the NEHRP Recommended Provisions for Seismic
Regulations for New Buildings and Other Structures.

In the future, as NEHRP develops performance-based standards for buildings and lifelines under
Goal B, the ICSSC will disseminate these next-generation materials to all Federal agencies and
support implementation.

5. Develop the Nation’s human resource base in the earthquake field.
NEHRP will support education and training for engineers, practicing design and
construction professionals, planners, facility managers, and emergency managers through
continuing education programs. NEHRP will also support educational activities for
university students, K-12 school children, and the general public to facilitate a broader,
informed understanding of earthquake hazard, risk, and mitigation.

Under Objective 5, NEHRP’s priorities are to:

¢ Develop and use partnerships to provide training in the use of NEHRP technical resource
materials developed under Goals B, C, and D.
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o Advocate the inclusion of seismic hazard and risk reduction information into curricula at
K-12 schools and higher education institutions.

Because seismic risk-reduction activities are best carried out by local professional and
construction trade organizations and by state personnel who are familiar with local issues and
needs, NEHRP will increase its ongoing efforts to develop audience-specific risk-reduction tools,
publications, and programs to meet the needs of these users. NEHRP will pursue this in
cooperation with professional and trade membership organizations so that these organizations
take a leadership role in training and educating their members. Similarly, as states and
communities adopt seismic codes, NEHRP will work with code groups to support training and
enforcement activities,

The education of the next generation of seismic tisk reduction advocates and professionals is
important to the continued success of NEHRP. This education must begin at an early age, so that
a basic understanding of earthquakes and their consequences is broadly established. For this
reason, FEMA, NSF, and USGS have participated in partnerships with other Federal agencies
and non-governmental organizations to develop and advocate curricula for K-12 school children
and university students on earthquakes and their effects. Universities also are supported by NSF
to educate researchers and other earthquake professionals in all aspects of seismic issues (i.e.,
engineering, seismology, geology, social sciences, and public policy). These efforts will continue
and will focus on promoting the use of these curricula and related educational activities in areas
of very high to moderate seismic risk.
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Goal B. Improve Techniques to Reduce Seismic
Vulnerability of Facilities and Systems

The Goal B activities assure the availability of improved techniques to reduce the seismic
vulnerability of facilities and systems. These improvements are achieved through several means,
including: publication of design, construction, and evaluation guidelines for buildings and
lifelines; development of tools to assist in the use of those guidelines; problem-focused research
and development to fill knowledge gaps; execution of coordinated post-earthquake
investigations; publication of associated longer-term studies to address special problems
identified after major earthquakes; cooperation with professional and trade associations to
improve the use of technology; advocacy to include research results in curricula and continuing
education for practicing professionals; and international exchange of information on earthquake
mitigation technology.

The following is a discussion of NEHRP activities supported under Goal B.

1. Facilitate technology transfer among standards organizations, state and local
governments, and private-sector professionals.

NEHRP will support development and publication of design, construction, evaluation, and
upgrade guidelines and pre-standards for consideration by national organizations that
develop codes and standards for buildings and lifelines. NEHRP will also develop tools to
assist in the use of those guidelines. NEHRP will work with professional und trade
associations to promote the use of new technology.

Under Objective 1, the NEHRP’s priorities are to:
e Support strong model building codes; and
* Encourage technology transfer through professional organizations.

NEHRP supports the development and periodic revision of model building codes. The current
trend is toward unified national codes for both new and existing buildings, such as those
developed by the International Code Council and those being developed by the National Fire
Protection Association (NFPA). These codes are replacing the three regionally based model
codes and are expected to be implemented throughout the Nation. The NEHR.° Recommended
Provisions serve as the resource documents for these model building codes for new buildings,
while the NEHRP Guidelines for the Seismic Rehabilitation of Buildings serve as the resource
documents for code development for existing buildings. FEMA is the lead agency supporting the
model building code efforts. The USGS’ probabilistic seismic hazard maps define the level of
seismic hazard as a function of geography, and are thus the basis for applying the seismic design
criteria contained in the model codes. The USGS also produces interactive tools that enable
determination of location-specific seismic design parameters that can be used with the model
building codes and standards. The basic and applied research performed by N5F and NIST,
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respectively, directly supports the development of the technical provisions of NEHRP guidelines.
In addition, the ICSSC conducts periodic studies to compare the equivalence between the model
codes and the NEHRP Recommended Provisions and issues consensus recomrnendations based
on its findings for adoption by Federal agencies. In the future, this level of eflort will be
sustained using existing program funds.

A second activity under Objective 1 is the dissemination of information and transfer of
earthquake-resistant design and construction technology to users. These users include design and
construction professionals, trade schools, and developers, among others. FEMA will be the lead
agency in this effort, but will work in coordination with USGS and NSF efforls in science
education. A baseline of activity directed at these audiences will proceed using existing funds.

2. Improve earthquake loss-reduction knowledge and the quality of practice.

NEHRP will support problem-focused and fundamental research by acadzmia and the
private sector to fill knowledge gaps and provide the technical basis for design, construction,
evaluation, and upgrade guidelines and pre-standards. NEHRP will also support the
exchange of information to maintain awareness of national and international developments
in earthquake mitigation technology.

Under Objective 2, NEHRP’s priorities are to:

¢ Expand the use of problem-focused research and development to support codes and
standards improvement.

o Carry out international exchange of information to keep abreast of statc-of-the-art
technology in earthquake mitigation.

NEHRP currently supports a modest program of problem-focused research and development to
fill knowledge gaps and provide the technical basis for improved design, construction, evaluation
and upgrade guidelines and pre-standards for buildings and lifelines. NIST is assigned lead
responsibility for this activity, with supporting efforts from FEMA and NSF. NIST’s research
program, focused on the structural performance of buildings within a multi-hazard context,
includes studies of: new performance-based seismic design approaches, evaluation of advanced
structural control technologies, structural performance of housing systems, and strengthening and
rehabilitation of structures. FEMA also contributes to studies of design and rehabilitation of
welded steel-frame buildings and supports problem-focused research at university-based research
centers and at the National Research Council.

This strategic plan includes a provision for increased emphasis of problem-focused research that
will alleviate the “technology transfer gap” that is noted to exist for research outcomes. The
current level of support in NEHRP for problem-focused research is insufficient to leverage the
wealth of information emerging from basic research activities. As a result, a technology transfer
gap has emerged which limits the adaptation of basic research knowledge into practice. This gap
is expected to widen as NEHRP embarks on a new generation of performance-based provisions
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and guidelines for buildings and lifelines. A much-expanded problem-focused research and
guideline development effort is critically needed for future design, construction, evaluation, and
upgrade guidelines and pre-standards, and to facilitate the development of new mitigation
technologies. NIST, in partnership with FEMA and the other NEHRP agencies, will develop a
coordinated NEHRP plan to support an expanded level of problem-focused R&D.

Recognizing that the U.S. is not the only developed country with an active earthquake
engineering community, NEHRP must maintain awareness of international developments in
carthquake mitigation technology and enhance learning through participation in international
post-earthquake investigations and international information exchanges. Post-earthquake
investigations in other countries provide rare opportunities to obtain important information on
the performance and vulnerability of buildings and lifelines in major earthquakes. Similarly,
formal and informal exchange mechanisms with the international community allow for enhanced
sharing of research results and more rapid advancement of the science. These efforts, albeit
modest, will continue as an integral part of NEHRP’s strategy to reduce seismic vulnerability of
facilities and lifelines.

3. Support efforts to improve seismic standards and codes and improve design and
construction practices for buildings and lifelines.

NEHRP will support periodic revision of the NEHRP Recommended Provisions for Seismic
Regulations for New Buildings and Other Structures, application of the NEHRP Guidelines
for the Seismic Rehabilitation of Buildings, and development of design and construction
criteria for lifelines, including utility and transportation systems. NEHRP also will support
post-earthquake investigations to identify knowledge gaps and will conduct studies to
address special probiems identified after major earthquakes.

Under Objective 3 NEHRP’s priorities are to:

¢ Maintain the NEHRP Recommended Provisions for Seismic Regulations for New
Buildings and Other Struciures.

e Support NEHRP Guidelines for the Seismic Rehabilitation of Buildings and other tools
related to existing buildings.

o Support development of guidelines and pre-standards for lifeline systems.

o Start development of next generation performance-based codes.

e Improve coordination of post-earthquake investigations.
The NEHRP Recommended Provisions and the related Commentary present criteria for designing
and constructing buildings subject to earthquakes throughout the U.S. They are resource
documents widely used by practicing professionals and building officials. Penodic updates of

these documents are critical in order to incorporate results from NEHRP-funded research for
immediate use by practicing engineers. FEMA will provide lead support for these periodic
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revisions, while USGS will support the revision of the underlying probabilistic seismic hazard
maps and NIST and NSF will continue to support research and development efforts leading to
new cutting-edge methodologies and technologies. NEHRP experts from all four agencies will
participate in technical committees responsible for updating the NEHRP Recommended
Provisions and will work in close coordination with the ICSSC.

The NEHRP Guidelines for the Seismic Rehabilitation of Buildings and related Commentary are
first-of-their-kind, performance-based, nationally applicable design and engincering documents.
They contain new approaches, new analytical techniques, choices as to seismic safety levels, and
acceptability criteria for upgrading all major types of existing buildings and construction
materials. FEMA led the development of this document and will continue to ensure these
documents are kept current, This work, and the updates to the NEHRP Recommended Provisions
discussed above, will be accomplished with existing funding.

Lifelines are another high priority area for NEHRP. FEMA, in partnership with non-
governmental organizations and the private sector, has initiated the processes of developing
consensus guidelines for lifelines. The goal of this effort is to achieve an acceptable level of
seismic performance for these structures, building upon current seismic provisions, as
appropriate. To date, efforts to develop the technical basis for performance-bzsed standards,
codes, and practices for infrastructure lifeline systems pale in comparison to similar efforts
directed at guideline development for new and existing buildings. NEHRP therefore recognizes
the need to significantly expand efforts in this area. FEMA will lead this effort and will be
assisted by NIST.

Looking to the future, NEHRP supports the need to develop a new generation of performance-
based provisions for new buildings and lifelines. Performance-based provisions will
encourage/permit competition through value-added products and services, adoption and use of
innovative technologies, selection of design or rehabilitation performance level based on
owner/user needs, and setting of risk-adjusted insurance premiums commensurate with the
chosen performance level. FEMA will lead this effort, and NIST will assist FEMA with
problem-focused R&D in developing the technical basis for performance-based standards, codes,
and practices for buildings. NIST work will include application of probabilistic and reliability
analysis methods underpinning performance-based provisions in coordination with the risk
analysis and loss estimation work under Goal C. NSF will continue to support basic research in
performance-based earthquake engineering and probabilistic methods through its existing
programs.

Major earthquakes provide a unique source of information on the performance of the built
environment and failure mechanisms at full scale. Post-earthquake investigations are thus

critical for documenting structural performance, examining the adequacy of current standards and
practices, and identifying research needs to mitigate the impacts of future earthquakes. NEHRP
has long supported post-earthquake investigations, both in the engineering and earth science
disciplines. However, improved coordination is necessary if these investigations are to maximize
learning through the sharing of information. Therefore, NEHRP, under the leadership of the
USGS, will spearhead an examination of the roles and responsibilities of the various groups
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involved in post-earthquake investigations and will develop a NEHRP protocol action plan for
investigations following major national and international earthquakes. This protocol action plan
will detail the degree of coordinated learning desired and how it will be achieved and how
findings can be most effectively disseminated to all stakeholders (e.g., in a comprehensive,
multidisciplinary NEHRP report). The plan will improve coordination during post-carthquake
investigation efforts, minimize duplication, and provide safety training for participants.
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Goal C. Improve Seismic Hazard Identification and
Risk Assessment Methods, and Their Use

Seismic hazard identification and risk assessment are critical components of NEHRP’s
earthquake mitigation strategy. Under this goal, NEHRP agencies identify and quantify seismic
hazards through improved seismic monitoring and through detailed geological and geophysical
characterization of regions of active faulting. The seismic hazard information then becomes the
foundation upon which subsequent risk assessment models arc based. NEHRP will continue to
emphasize geological, geophysical, and seismological research activities that improve the state of
knowledge of scismic hazard identification. NEHRP will also continue to develop and improve
the HAZUS loss estimation tool and work with state and local governments to ensure that this
tool is used effectively to guide pre-earthquake mitigation efforts.

1. Provide rapid, reliable information about earthquakes and earthquake-induced
damage.

NEHRP will continue to support the operation of regional data centers, the National
Earthquake Information Center (NEIC), the Global Seismic Network (GSN), the
International Seismic Centre (ISC), and the IRIS Data Management Center (DMC). In
addition, NEHRP will deliver rapid, accurate reports on the intensity and distribution of
strong ground shalking in urban areas following damaging earthquakes. NEHRP will also
propose to implement the ANSS.

Under Objective 1 NEHRP’s priorities are to:

» Continue support for global, national, and regional seismic monitoring networks and
associated data centers.

¢ Propose implementation of the Advanced National Seismic System (ANSS).

* Develop improved algorithms for rapidly determine earthquake source parameters (e.g.,
location, size, type of faulting, direction of fault rupture) and estimating earthquake
damage pattemns through the production of shaking intensity maps (ShekeMaps).

Seismic monitoring serves as a primary source of information necessary for seismic hazard
assessments. USGS has the assigned Federal responsibility to monitor seismic activity in the
U.S. The USGS fulfills this role by operating the U.S. National Seismograph Network
(USNSN), the National Earthquake Information Center (NEIC), the National Strong Motion
Program (NSMP), and by supporting sixteen regional networks in areas of moderate to high
seismic activity. Additionally, NSF and USGS operate the Global Seismic Network, which
provides the main source of worldwide earthquake information, and NSF also operates archival
and distribution centers: the International Seismic Center and the IRIS Data Management Center.
NEHRP will continue to maintain and operate these networks and data centers and will improve
their integration and real-time reporting capabilities.
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Traditionally earthquake monitoring in the U.S. has focused on the identification of areas of
active faulting. Recent technological advances, however, are contributing to 2 broadening in
emphasis to include strong motion recording of ground shaking and building response in
seismically active urban areas. The data resulting from these efforts are critical to engineering
research directed at improving design standards so that structures and systems are better able to
withstand the effects of earthquakes. To provide useful, high quality data that meet the needs of
engineers, a significant upgrade of the current networks as well as a major expansion of new
instrumentation in urban areas is required. The specifications of such a system, referred to as the
Advanced National Seismic System (ANSS), have been developed through discussions with the
engineering community and summarized in USGS Circular 1188 at the request of Congress. The
report calls for over 6000 new instruments in at-risk urban areas, including 3000 strong motion
instruments on the ground and an additional 3000 instruments in structures. In addition, the
report calls for 1000 broadband stations in regional networks across the Nation. ANSS has
received widespread endorsement in the earthquake community and is a high priority for
NEHRP.

An important new earthquake-reporting tool that builds on ANSS is ShakeMap. ShakeMap
utilizes network recordings of seismic energy to portray the intensity of ground shaking in the
region surrounding a significant earthquake. It can thus provide an estimate of’ earthquake
damage patterns and impact within minutes of an event. This information, in turn, can be used
by emergency managers to speed earthquake disaster relief. ShakeMap is now being
implemented in networks across the country, but for it to be truly effective, it must be supported
by a modern seismic network with real-time, high fidelity recordings of the type envisioned in
ANSS. Currently the only regional network in the U.S. that offers this capability is in southern
California.

Another, longer-range research effort that builds on the technological capabilities of ANSS is the
development of an early warning capability for earthquakes already in progress. Specifically,
USGS scientists are now exploring the possibility of developing faster means of detecting and
characterizing large earthquakes. If large earthquakes can be discriminated from small
earthquakes at the onset of rupture, it might be possible—in the special case where the
earthquake source is distant to an urban center—to provide an alert of imminent strong ground
shaking. Although such a system would offer only a few seconds to tens of seconds of early
warning, this brief period may be sufficient to secure critical facilities and prepare for the arrival
of strong ground shaking.

2. Improve seismic hazard characterization and mapping.

NEHRP will improve hazard assessment methods and produce updated national-scale
ground-shaking maps and related products on a regular basis. NEHRP will also work with
cooperators to develop a standard methodology for production of large-scale seismic hazard
maps for urban regions.
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Under Objective 2, NEHRP’s priorities are to:

e Maintain and update national hazard maps through the collection and integration of
geologic, geophysical, and seismological data, including prehistoric earthquake
chronologies, location of active faults, determination of 3-D velocities and geologic
structure, and wave propagation and attenuation parameters.

* Improve probabilistic methods for quantifying seismic hazards, including formally
incorporating uncertainty into hazard estimates, especially for areas of relatively low
seismicity, such as the East and Intermountain West.

e Produce prototype urban seismic hazard maps for select major metropalitan areas,

The USGS, with support from NSF, has lead NEHRP responsibility for the production of
probabilistic seismic hazards maps in the U.S. The first generation of these maps, released in
1996, has been incorporated into updates of the Intemnational Building Code, and the information
is used by numerous consulting companies to estimate earthquake losses for irsurance
companies, pension funds, and other clients. Going forward, the USGS will produce an updated
set of these maps and associated databases for the contiguous U.S. and will develop new maps
for U.S. Trust territories, including American Samoa, Guam, the Northern Mariana Islands, and
Puerto Rico/Virgin Islands. The revised national maps will incorporate an upclated earthquake
catalog with consistent magnitudes, improved ground-motion attenuation relations for the
Central and Eastern U.S., and improved knowledge of earthquake source zones and recurrence
rates. This work will be completed with existing funds.

Concurrent with the updating of the hazards maps, USGS- and NSF-supported scientists will
conduct research on ways to improve probabilistic and scenario methods for quantifying seismic
hazards, including identifying and testing alternative methodologies for earthquake-potential
estimates. Research efforts will also be directed at formally incorporating uncsrtainty into hazard
estimates. Using existing funding, efforts in this area will be focus on areas oi relatively low
seismicity, such as the East and Intermountain West.

Another key focus area of NEHRP is urban seismic hazard mapping. The increasing valuation of
building stock and infrastructure assets, combined with demographic shifts toward earthquake-
prone cities, are combining to increase loss potential dramatically for the next urban earthquake.
To aid metropolitan areas in evaluating and mitigating this risk, USGS will work with local
communities in three test areas (Oakland, Seattle, and Memphis) to develop a standard
methodology for urban hazard mapping in three contrasting tectonic environmznts (strike-slip,
subduction, and intraplate faulting, respectively). In these regions, the USGS will collaborate
with state geologists, state agencies, and local committees to compile digital surficial geology
maps, ground shaking amplification maps, and liquefaction, lateral spreading, and landslide
susceptibility maps. The USGS will also determine priorities for subsequent studies in other
seismically active urban areas.
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3. Support development and use of risk and loss assessment tools.

NEHRP will support improvement of loss estimation and risk assessment iools and the
development of next generation databases. Testing and dissemination of the nationally
applicable loss-estimation model will continue. States and communities will be encouraged
to provide detailed data on local geology, building inventories, and utility and transportation
systems to enable more accurate planning and establishing of priorities.

Under Objective 3, NEHRP’s priorities are to:
¢ Provide HAZUS training and support for users.

¢ Devise standards and protocols that can be implemented to aid in data base enhancements
and data collection efforts.

¢ Continue to improve the usability, functionality, and accuracy of HAZJS. Calibrate and
refine HAZUS loss-estimation models following actual damaging earthquakes.

¢ Integrate ShakeMap with HAZUS to allow for rapid loss estimations.

The main NEHRP focus under Objective 3 is the continued development and promotion of
Hazards U.S. (HAZUS), a FEMA GIS-based loss estimation tool designed to aid in mitigation
planning and disaster response activities. HAZUS provides a standardized approach to
estimating losses from earthquakes and other hazards and utilizes the national seismic hazard
maps developed by the USGS as well as complementary information on the built environment to
assess risk. Although HAZUS has been used by FEMA to estimate annualized earthquake losses
nationally across the U.S. (FEMA #366, Sept. 2000), it also offers the capability of computing
more detailed loss estimates for major urban centers. Communities across the country are
anxious for this capability; however, additional developmental components must be completed
before use will be widespread.

First, there is a universal need for additional training and guidance in the use of HAZUS. This is
a high priority for NEHRP and FEMA will lead in this effort. Second, there is a need for
development of data collection standards, tools, and storage formats to enable consistent,
accurate, and effective augmentation of the national data-bases with more detailed local
information such as building inventories, lifeline inventories, and local site response estimates.
The USGS and FEMA will cooperate with local users to establish these standards and protocols.
It is important to note, however, that NEHRP is not capable of performing detailed data
acquisition efforts at a local scale. This will be the responsibility of states and local
communities. Third, there is a general need to improve the usability, functionality, and reliability
of HAZUS and to calibrate with post-carthquake assessments following major damaging
earthquakes. Finally, if HAZUS is to be used in a rapid response mode, it must be modified to
incorporate the near real-time intensity ground shaking information portrayed in the USGS’s
ShakeMap routine. The USGS and FEMA are working on adding this capability, thereby
permitting rapid, automatic calculations of loss estimation to aid in both the response and
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recovery processes. Widespread use of such features, however, will ultimately require modern
seismic monitoring instrumentation of the type envisioned by ANSS. Use of these features, in
coordination with local and federal GIS capability, has the potential to significantly move the
state of the practice forward.

Goal C
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Goal D. Improve The Understanding Of Earthquakes
and Their Effects

Activities under Goal D comprise the basic research component of NEHRP and cover a range of
disciplines from geology and seismology, to earthquake engineering and strucrural engineering,
to the behavioral and economic sciences. USGS and NSF are the two primary NEHRP agencies
supporting Goal D efforts, with USGS emphasizing the geologic and seismologic disciplines and
NSF also supporting these areas in addition to studies of the built environment and the behavioral
and economic impact of earthquakes. Activities in Goal D are inherently intermediate- to long-
term research efforts that may not yield immediate payoffs. Past experience suggests, however,
that these efforts will contribute significantly to future risk mitigation efforts.

The following sections address current and future NEHRP activities under each of the six
objectives of Goal D.

1. Improve monitoring of earthquakes and earthquake-generating processes.

NEHRP will continue to develop improved seismic monitoring capabilities geared toward
Sull-waveform recording, real-time reporting, and improved network integration. NEHRP
also will continue to support and expand other monitoring systems and the use of satellite-
based observational systems for monitoring the deformation of the earth’s crust due to
earthquakes and earthquake-generating processes.

Seismicity and crustal deformation monitoring provides a wealth of critical information for
research into fault identification, slip rate estimates, and hazard assessments. Rarthquake
monitoring also contributes to engineering investigations of building and infrastructure response
and soil-structure interactions for earthquake design purposes. NEHRP is continually seeking
ways to improve monitoring and reporting technologies and thereby enhance real-time reporting
efforts while delivering ever-improving information for downstream research efforts into hazard
assessments and earthquake engineering. (Note that seismic monitoring activilies are presented
in detail under Goal C.1. We thus incorporate that section by reference and lirait this discussion
to crustal deformation monitoring.)

Under Objective 1, NEHRP’s priorities are to:
e Maintain crustal deformation monitoring in active seismic areas of California, the Pacific
Northwest, the Central U.S., Nevada, Utah, and Alaska for understanding the strain fields
associated with earthquakes.

« Establish a Plate Boundary Observatory consisting of a network of GPS, and deformation
sensors (GPS, strain meters) across the Western U.S.
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e Investigate Interferometric Synthetic Aperture Radar (InSAR) techniques for providing
map images of fault slip, areal crustal deformation associated with earthquakes, and rapid
post-carthquake damage assessment.

Even in the most seismically active parts of the U.S., aseismic movements account for the
majority of crustal deformation. For this reason, USGS and NSF-supported researchers monitor
crustal deformation across seismically active regions using a range of instrumentation (e.g.,
leveling and laser-ranging surveys, strain meters, and Global Positioning System (GPS) sensors).
The measurement of aseismic deformation includes determination of the plate motion rates that
drive earthquakes in California, Oregon, Washington, and Alaska, of strain rates in interplate
areas of the U.S., as well as the recording of small transient strain signals associated with fault
motion that may be related to earthquake generation.

Recent advances in technology and large decreases in the cost of instrumentation have enabled
continuous determinations of positions at fixed GPS sites, providing a practiczl way to
continuously track crustal deformation. A number of continuous GPS monitoring stations
currently exist in concentrated areas of study across the western U.S., and NSF is now proposing
to expand and integrate these networks into a single strain observatory that extends across the
entire North American-Pacific plate boundary (i.e., from the Rocky Mountains to the Pacific
Ocean). This Plate Boundary Observatory (PBO) will permit NEHRP scientists to measure the
rate and distribution of strain buildup and release before, during, and after earthquakes, and
determine how deformation is accommodated three-dimensionally within the plate boundary
zone.

In addition to GPS-based deformation monitoring, NEHRP is supporting resesrch into new
technologies for satellite-based monitoring of crustal deformation. In particular, both NSF and
USGS are working cooperatively with NASA to explore the capabilities of satzllite-based InSAR
techniques in mapping small changes in ground deformation. Large areal maps of the ground
deformation will give clear images of deformation accompanying and followirg large
earthquakes. The technology may also elucidate regional strain accumulation around faults
between earthquakes.

Funding for PBO and InSAR are being proposed under NSF’s EarthScope init ative, which was
advanced in FY 2002 as a Major Research Equipment and Facilities Construction Project
(MREFC).

2. Improve understanding of earthquake occurrence and potential.
NEHRP will support research into the processes by which earthquakes occur, including
studies of how large earthquakes initiate and grow, the role of fault zone geometry and
mechanical properties, and the effect of changes in earth stresses.

Seismic hazard assessments rely upon estimates of the locations, sizes, and probabilities of firture

earthquakes. These estimates, in turn, require identifying the physical variables that govern
where and how often earthquakes occur and how large they will be. NEHRP supports a range of
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studies directed at understanding these variables through investigations into earthquake rupture,
recurrence, stress transfer, aftershock activity, and remote triggering.

Under Objective 2, NEHRP’s priorities are to:

o Investigate the rupture process of large earthquakes, including the initiat.on, propagation,
and arrest of seismic rupture and test the resulting hypotheses by geologic, geodetic,
seismological, and other relevant field observations, laboratory experiments, and numerical
simulation.

e Use geodetic and geologic techniques to determine crustal strain rates, compare these strain
rates with long-term seismic moment release, fault slip rates, and modeled plate rates, and
investigate how all of these quantities are related to future earthquake potential. Evaluate
the validity of the “characteristic earthquake™ model.

e Acquire laboratory measurements of physical propetties, rock/fluid compositions,
temperature, stress, and pore pressure in active fault zones under in situ conditions.

¢ Establish the San Andreas Fault Observatory at Depth (SAFOD) and use it as an in situ
laboratory for measuring and monitoring fault zone properties at depth across the San
Andreas Fault.

Research into the fundamental physics of large earthquakes is being supported by NSF and
USGS through an array of laboratory, field, and theoretical investigations of seismicity, fault
zone properties, and crustal strain. These studies are directed at understanding earthquake
nucleation, propagation, arrest, and recurrence and include research into fault zone geologic or
geometric heterogeneity, frictional properties, deformation rates, rupture histories, wave
propagation, fault segmentation, measured strain rates, stress concentrations, and mechanical and
chemical effects of pore fluids. These studies will continue to be supported at current levels.

A future priority for NEHRP is the creation of the San Andreas Fault Observatory at Depth
(SAFOD), an in situ laboratory for measuring and monitoring the San Andreas Fault. SAFOD is
designed to facilitate direct measurements of fault zone properties where aseismic creep and
small earthquakes occur. By monitoring the fault zone prior to, during, and afier an earthquake,
SAFOD will provide answers to a number of fundamental questions about the physical and
chemical processes responsible for earthquake generation. Funding for SAFOD is being
proposed under NSF’s EarthScope initiative, which was advanced in FY 2002 as a Major
Research Equipment and Facility Construction Project.

3. Improve earthquake hazards assessments and develop earthquake-potential estimates
as planning scenarios.

NEHRP will support a broad-based research program on earthquakes and ground failure by

improving quantification and understanding of the extent of hazards and by encouraging use
of that knowledge for planning purposes.
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National and regional hazard assessments require integration of information from nearly all
aspects of earthquake hazards research as well as the information collected by the seismic and
crustal strain monitoring networks. These activities are described under Goal C. Future
improvements in the quality of hazard assessments depend on new insights de-ived from these
seismological and geological research efforts.

Under Objective 3, NEHRP’s priorities are to:

¢ Enhance modeling of large earthquakes to incorporate realistic physical constraints and
fault behavior.

e Model the likely impact of anticipated great earthquakes on large urban regions, using
realistic scenarios. Validate results from earthquake studies with resul:s from structural
and engineering investigations,

‘While peak accelerations in great earthquakes are not expected to be significantly larger than they
are in the near-source region of moderate-to-major earthquakes, great earthquakes cause very
long duration shaking (several minutes) and very large long-period ground motions. Neither long
shaking durations nor large long-period ground motions have been experienced by modern U.S.
cities, and their effects are poorly understood. Although the likelihood of a great earthquake in
an urban center is certainly much smaller than a moderate earthquake, there is precedent for such
events (e.g., 1906 San Francisco and 1923 Tokyo earthquakes) and scenario models are needed to
assess their potential impact.

New research results from these fundamental earthquake studies can have enormous benefits in
better understanding the response of structures and lifelines to the large ground motions of big
earthquakes. It is therefore essential that results of these fundamental earthquzke studies be
shared with the geotechnical and engineering communities. The information provided by large
earthquakes elsewhere in the world in various tectonic settings provides results that are valuable
for validation and improvement of design and planning standards in the U.S.

4. Improve fundamental knowledge of earthquake effects.

NEHRP will support research on the nature of strong ground shaking from earthquakes, how
it is affected by seismological and geological factors, and how its characteristics are related
to permanent ground deformation and damage. These efforts will include investigations of
damage from domestic and foreign earthquakes and collaboration with non-U.S. research
programs.

Among the most important contributions of NEHRP to reducing earthquake losses in the U.S. are
improving the understanding and modeling of damaging earthquake effects. These effects
include strong ground shaking, failure and deformation of unstable ground, and the impact of
these geologic effects on the built environment. NEHRP research into earthquake effects is thus
directed at both the geophysical parameters controlling ground shaking and ground deformation
and their relationship to structural damage through studies of soil-structure interaction.
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Under Objective 4, NEHRP’s priorities are to:

¢ Develop improved methods to generate synthetic seismograms for expzcted future
earthquakes, incorporating improved understanding of the rupture process and
information about the fault and the properties of the surrounding earth’s crust. Test 3-D
numerical simulations of basin response to strong shaking.

* Record strong seismic shaking for large earthquakes and develop syntt etic models that
match the observed. Acquire recordings by implementing a national strong motion
instrumentation program for structures and ground-based sites, and by conducting post-
earthquake investigations.

o Identify the parameters of ground motion that cause liquefaction and slope instability and
damage to structures (such as acceleration, velocity, shaking duration, and spectral
content). Develop techniques to estimate the permanent ground deforriation and
displacement resulting from earthquake-induced landslides and liquefaction. Improve
understanding of soil-structure interaction and examine the response of structures and
lifelines.

Studies of strong ground shaking and earthquake effects require knowledge of the earthquake
source, the propagation of seismic energy from the source to the site, and the local geologic
conditions that characterize the site. For this reason, USGS and NSF support a broad spectrum
of research ranging from studies of earthquake source properties to near-field effects, wave-
propagation effects, local site effects controlling ground failure, and correlatioa of ground motion
parameters to structural and lifeline response. NSF also supports research on cngineering
methods to mitigate the effects of the ground motion on new and existing structures and lifelines.
Collectively these research activities address the primary factors controlling the magnitude of
earthquake losses and casualties through their effects on structures and lifelines.

Synthetic seismograms are an outgrowth of these studies and are used to model building and
lifeline response and guide their design. A priority for NEHRP is the development and
refinement of synthetic seismogram modeling techniques to produce more accirate ground
motion time histories. The seismograms must accurately simulate a number o:”parameters used
by structural and geotechnical engineers, including peak acceleration, ground velocity and
displacement, response spectra, and shaking duration.

Large and destructive earthquakes provide the best opportunities to substantially advance the
understanding of earth science and engineering issues associated with earthquake effects. But to
capitalize on this learning opportunity, instruments capable of capturing the complete seismic
signal must be in place. This is one of the reasons NEHRP is proposing to implement an
Advanced National Scismic System, which would include approximately 300C strong motion
instruments capable of full-waveform recording in critical structures, facilities, and buildings
across the Nation. These instruments will provide heretofore unavailable data on structural
response to strong shaking that is absolutely essential for advancing earthquak:-engineering
practices.
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The other means of obtaining strong motion recordings is through post-earthquake investigations.
NEHRP will thus continue to respond to damaging domestic earthquakes with portable seismic
instrumentation, geodetic measurements, geologic field investigations, and damage evaluations.
USGS will take the lead in coordinating these post earthquake response efforts, following the
guidelines outlined in the post earthquake response action plan called for under Goal B. In the
case of foreign earthquakes, NEHRP will cooperate with U.S. and foreign institutions in focused
investigations directed at filling critical knowledge gaps in fault behavior, site effects, and soil-
structural interaction.

Landsliding, liquefaction, and lateral spreading are major contributors to earthquake destruction.
An improved understanding of subsurface conditions and ground failure mechanisms is
necessary if losses in this area are to be reduced. Advances in this area require improved
measurements and instrumentation. Monitoring of physical properties, pore p-essure,
acceleration, and other transient parameters are all necessary to characterize the ambient physical
propetties of the soils in which failure occurs. Such measurements will enable NSF-supported
researchers and USGS scientists to develop techniques designed to estimate earthquake-induced
permanent ground deformation and displacement.

Studies of nonlinear soil response are critical for assessing site-specific shaking hazards. The
NSF earthquake engineering research centers actively support research in this area, and there are
ongoing projects by other NSF-funded investigators that are focused on the prediction of site
response under large earthquakes for which soil behavior may not be elastic. The NEES
equipment portfolio will include experimentation equipment that will extend cur knowledge in
this area.

5. Advance earthquake engineering knowledge of the built environment.

NEHRP will implement the Network for Earthquake Engineering Simulation (NEES) to
improve the seismic design and performance of U.S. civil and mechanical infrastructure
systems through collaborative and integrated experimentation, computaticn, theory,
databases, and model-based simulation.

NEHRP supports research in earthquake engineering through NIST and NSF. The problem-
focused research and development conducted by NIST to improve codes, stanclards, and practices
for buildings and lifelines is discussed under Goal B. The NSF-supported rescarch is directed at
developing new knowledge derived from fundamental research on buildings, I felines, geologic
materials, and geotechnical construction. NSF research activities also address the impacts of
seismic events on the physical infrastructure systems that serve the public and societal
institutions.

Under Objective 5, NEHRP priorities are;
¢ Improve the understanding of existing materials and develop new materials and

technologies for earthquake resistant structures. Develop and validate 1ew structural
systems and new methods of structural control.
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e Improve the understanding of collapse mechanisms of various classes of structures.
Enhance the understanding of fragility curves for various classes of buildings and utility
and transportation lifelines to improve performance-based earthquake engineering
methodologies.

¢ Focus research efforts on theoretical simulations of building and lifeline “systems”
through the implementation of NEES. Research how structure and component integration
change the performance of the overall structure. Conduct post-earthquake investigations
to validate and calibrate research results.

A new facet of earthquake engineering research now being launched by NSF is theoretical studies
of the structural response of the built environment to earthquakes based on computer simulations.
This effort, known as the Networked Earthquake Engineering Systems (NEES), will transform
earthquake engineering research from its current reliance on physical experiments to
investigations based on integrated experimentation, computation, theory, databases, and model-
based simulation. Research areas to be supported under NEES include: structaral control,
composite and hybrid seismic structural systems, smart materials and structures to develop new
building systems, advanced technologies for seismic response reduction and control, and health
monitoring. NSF also supports experimental and model-based research projects in these areas.
The NEES project will exploit Internet technology to integrate and interconnest nationally
distributed facilities. NEES will also provide a curated data repository for easily accessible
information, and the managing NEES consortium will develop outreach, educational, and
experimental opportunities for the professional community.

As the network of NEES facilitics comes on line in FY 2004, university-based research is
important to provide maintenance and operation support for the NEES facilities and to support
the expanded research opportunities made possible by the NEES project.

6. Advanece understanding of the social and economic implications of earthquakes.

NEHRP will support earthquake-related social science and policy research to advance
understanding of the social and economic impacts of earthquakes, determine levels of risk
deemed acceptable by various groups in society, and reduce the social, economic, and
political barriers to effective earthquake risk reduction.

The social science community has the potential to make vital contributions to NEHRP as it
moves forward. Social scientists can, for example, research effective ways to involve
communities in risk identification, prevention, and mitigation; communicate earthquake risks to
targeted audiences; evaluate the effectiveness of existing and proposed programs and policies;
and assess and improve the design and operations of organizations and institutions whose job it is
to prepare for, respond to, mitigate, and aid in recovery from earthquakes. This work can serve
to increase the pace and overall success of NEHRP risk-reduction measures. Currently NSF
provides funding for interdisciplinary university-based research conducted in t4e social,
economic, policy, and decision sciences, in addition to research contributions from engineering
and natural sciences. In addition, the NSF-funded earthquake engineering research centers
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develop strategic research agendas that include interdisciplinary research framed to integrate
contributions from social and natural sciences and engineering, with applications to performance-
based earthquake engineering, seismic risk mitigation, pre-earthquake preparedness, and post-
earthquake response and recovery. This work will continue and will be more directly integrated
into the NEHRP activities outlined in other portions of the plan.

Under Objective 6, NEHRP priorities are to:

Analyze how incentives influence risk-reduction behavior under the conditions of uncertainty
inherent with earthquake predictions. Research ways to expand and improve incentives to
promote earthquake mitigation.

®  Analyze risk perceptions and their effects on decision making in order to develop a
common framework for discussing risk with engineers, building owners, occupants, and
public officials. Improve techniques for explaining risk under conditions that have varied
degrees of uncertainty.

® Research effective means to communicate real-time warnings to various intended
recipients so that appropriate responses are elicited. Incorporate research results into the
development of earthquake early notification systems.

Improving earthquake risk communication requires continued investment in both fundamental
research and translation of that research into risk communication and manageraent policies and
practices. While we now understand a good deal more about risk perceptions than we did several
decades ago, research on the relationship between risk perceptions and mitigation decisions, and
on risk communication and management, may enable risk reductions as large as or larger than
equal investments in physical and engineering sciences.

NSF supports research by social and behavioral scientists that will improve our understanding of
how different incentives influence behavior under conditions of uncertainty. Research should be
supported on the direct and indirect effects of a range of incentives for hazard mitigation,
including taxes and other financial incentives, social and legal sanctions, and land-use based
incentives. NSF also supports research on risk analysis and management as well as on the design
of effective institutions, which can help to identify potentially effective policies and
organizational strategies for achieving risk reduction. The policy implications of the results of
this research should be identified and evaluated. If, for example, specific kinds of financial
incentives are identified by researchers as potentially effective at encouraging large and small
businesses, organizations, government agencies, and individuals to implement mitigation
programs, FEMA could support Federal and state tax consultants to identify the specific changes
in existing Federal and state tax policies that would accomplish this.

We are not currently able to measure and quantify risks and discuss them within a common
framework used by engineers, building owners, occupants, and public officials. Early work was
conducted in the field of risk perception and communication, however, further research in the
decision sciences field is needed to enable policy makers to communicate relative risks under
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conditions that have varied degrees of uncertainty in terms of time, place, magnitude, and
frequency, while taking into consideration the limitations of engineering knowledge.

Technological developments have made real-time warning systems a potential tool to
communicate warnings to affected groups: the general public, large and small businesses,
emergency responders, hospitals, and schools systems. However, we do not have an adequate
understanding of how best to communicate these warnings in a way that is fast, reliable, and
generates the appropriate response from each recipient. NSF supports research by social
scientists to understand how warning information is processed and acted upon and how
transmission modes and messages are linked to behavioral response. USGS vvill such research
results into the development of earthquake early notification systems.

Goal D
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Implementation Summary

The table below summarizes the range of implementation activities proposed under this strategic
plan. NEHRP program managers will work with agency policy officials through the NEHRP
Policy Coordination Council, and with the Office of Management and Budget and Congress to
develop detailed plans and budget justifications for these projects.
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Table 1. Summary of planned implementation activities.

Distribute NEHRP resource materials and provide
technical advice to promote adoption of risk reduction FEMA NSF
measures to decision makers and the public. USGS

A2 |Promote loss reduction actions through development NSF
of partnerships and incentives with local communities FEMA USGS
and businesses.

A3 |Advance seismic risk reduction at the state and local USGS
government level through interaction with, and FEMA NSF
support of] state-based advisory bodies.

A3 |Promote the adoption of building codes at the state FEMA USGS
and local levels. NSF

A4  [Reduce the risk to existing and future Federal
facilities, in cooperation with the ICSSC, through FEMA USGS
development and adoption of risk-reduction standards NIST NSF
for Federal agencies.

A.5  |Support curricula and education programs for K-12 FEMA USGS
and university students. NSF NIST

A5  |Provide training and continuing education through FEMA
partnerships for the use of NERHP technical resources USGS
developed under Goals B, C, and D.
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Support development of improved building codes and
encourage technology transfer through consortia and FEMA NIST
professional trade associations.

B.2  |Expand the use of problem-focused research to FEMA
support a new generation of codes and standards for NIST NSF
buildings and lifelines.

B.3 Mz}m}am NEHR.P guidance documents for new and FEMA USGS
existing buildings.

B.3  |Develop performance-based codes for buildings and FEMA NSF
lifelines. NIST USGS

B.3  |Improve coordination of post-earthquake FEMA
investigations. USGS NIST

NSF

B.3  [Develop integrated, comprehensive NEHRP post- FEMA

earthquake reports and databases. USGS NIST
NSF
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Operate national, regional, and global seismic
networks and associated network information centers.

NSF

C1

Upgrade seismic monitoring networks through the
implementation of the ANSS.

USGS

@12

Update and expand national seismic hazard maps,
including U.S. trust territories. Incorporate new earth
science data and improve probabilistic methods.

USGS

NSF

C2

Develop prototype urban seismic hazard maps for
select major metropolitan areas.

USGS

C3

Expand access to HAZUS and provide necessary
training.

FEMA

C3

Support development of standards for database
n 1t and data collection efforts.

FEMA

NSF
USGS

€3

Refine HAZUS earthquake model to incorporated new
research findings and database developments and

calibrate with post-earthquake studies.

FEMA

USGS
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he built environment.

mplications of ear

Expand and advance crustal deformation monitoring, USGS
including investigation of GPS and Interferometric NSF NASA
Synthetic Aperture Radar techniques.
D.1  |Establish and support Plate Boundary Observatory in NSF USGS
western U.S.
D.2  |Continue earth science studies and research related to USGS
carthquake potential and earthquake occurrence. NSF
D.2  |(Establish and support the San Andreas Fault
Observatory at Depth (SAFOD). NEF URGs
D.3  |Model the likely impact of anticipated large
earthquakes on urban regions and refine results using USGS
e Lo NSF
structural and engineering investigations.
D.4  |Develop improved methods to predict ground shaking
and structural damage. Evaluate effect of nonlinear USGS
soil response on urban areas. Calibrate results through| NSF
post-earthquake investigations.
D.4  |Develop techniques to estimate ground deformation NSF
from landslide and liquefaction. USGS
D.5  |Improve knowledge of structural characteristics and NSF NIST
system performance of constructed facilities.
D.5  |Advance earthquake engineering knowledge of the
built environment through implementation of NEES. NSF
D.6  |Support interdisciplinary research that involves FEMA
engineering, natural science, and social, economic, NSF USGS
and decision sciences. NIST
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Program Management / Agency Coordination

Program management requires a programmatic agenda, or implementation plaa, that identifies
the projects, schedules, responsible agencies, and resource commitments and that describes the
involvement of each agency. Management of this Plan is shared by the NEHRP agencies on a
collegial basis. Each agency represents its own interests and remains responsiole for its own
programs, but recognizes the value of cooperative actions. As the lead agency, FEMA is
ultimately responsible for program and policy matters but solicits advice from the Interagency
Coordination Council (ICC). The ICC is responsible for writing, adopting, and implementing
this Strategic Plan, and for integrating agency programs to accomplish the Plan’s goals and
objectives. Periodic meetings provide a forum for discussing common activities, exploring
crosscutting issues, collaborating on joint projects, identifying and resolving canflicts, and
seeking support and cooperation. The ICC also provides a mechanism for rev:sing the Strategic
Plan.

The ICC will conduct an annual program review at which the project managers will present
achievements and reports on their projects. This meeting will have two purposes. The first is to
permit the ICC to assess progress and to redirect efforts to take advantage of nsw results. The
second purpose is to allow the agency representatives to gain insight into the work of the other
agencies and to facilitate collaboration among them.

The NEHRP agencies have identified several explicit areas where resources ard funding will be
specifically coordinated:

Meetings of Policy Coordination Council (PCC)

Meetings of Interagency Coordination Council (ICC)

Developing an explicit research implementation process

Post-earthquake coordination

Coordinated audience identification/information dissemination/Internet presence
Coordination of EERCs and multi-state consortia activities and funding

e Guidelines for external partnering

The following discussions outline in more detail the specific areas of coordinaion listed above.

The PCC, consisting of the head of FEMA’s Mitigation Division, and the directors of NIST,
NSF, and USGS, will meet on at least a bi-annual basis. The focus of their meetings will be
high-level policy issues that concem strategic NEHRP direction and liaison with the Office of
Management and Budget and Congress.

The ICC, chaired by the Director of FEMA’s Engineering and Technology Un:t, and populated
with a representative from NIST, NSF, and USGS, will meet on at least a quarterly basis
throughout the year. The key focus of the ICC will be interagency coordinatio of projects,
programs, plans, budgets, and operational NEHRP issues. Some of the key purposes of these
regularly held meetings are for each of the program agencies to present their NEHRP-related
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budget and expense figures and to have a better understanding of what activitizs each agency is
emphasizing. These meetings also will act as a catalyst for spurring interagensy cooperative
projects.

An extremely high priority in the short term for NEHRP is the improvement of the “research to
practice to implementation” cycle, especially in the building sciences area. Ttere currently exists
a fundamental disconnect in that there is not a clear link for research results to be incorporated
into codes and standards development and implementation activities. The result is that relevant
research activities take longer to get translated into practice. Similarly, research needs identified
by guideline development and implementation activities are not being commuicated to research
organizations; hence, these items are not being investigated in a timely manne-. An exception
has been the incorporation of USGS and NSF data on the national hazard maps into the model
building codes. This is an example where the cycle appears functional and has worked well. The
NEHRP agencies need to develop and agree on a conceptual flowchart and process to close this
loop. This will be accomplished by a NEHRP rescarch issues ad hoc working group that will
have the responsibility of designing mechanisms and processes that assure proper information
transfer and coordination.

Another area that requires attention is post-earthquake investigations. Following an earthquake,
there is a tremendous opportunity to both learn and to transmit findings. Following the 1964
Alaska and 1971 San Fernando earthquakes, significant government efforts produced
comprehensive reports on the respective earthquakes. Since that time, the scientific landscape
has changed. A large number of groups now embark on post-earthquake recornaissance and data
collection efforts and produce reports. However, there is insufficient coordination or synergy to
these efforts. By creating a pre-earthquake action plan for post-earthquake coordination,
NEHRP’s goal is to produce a framework, with stakeholder input, that maxim zes the efficiency
and minimizes the overlap of these efforts.

Coordinated audience identification is a key component of any effective effort by the NEHRP
agencies to raise earthquake awareness and encourage mitigation activities. It is critical for
NEHRP to coordinate internally so that it speaks to the community in a common voice. This is
especially important during post-earthquake response efforts and requires improved coordination
among the various field offices of FEMA, NSF, and USGS.

The NEHRP agencies will form an ad hoc information dissemination working group that seeks to
eliminate overlap in agency dissemination efforts and to better coordinate resources in existing
efforts. One area of immediate focus will be the development of a NEHRP web site that serves
as an information source about NEHRP agency activities and other program information,. FEMA
will assume the lead for this effort.

The NEHRP agencies provide significant funding to the EERCs (MAE, MCEIR, and PEER)
through NSF. In addition, FEMA and USGS fund multi-state consortia such as the Central US
Earthquake Consortium (CUSEC), the Western States Seismic Policy Council (WSSPC), the
New England States Emergency Consortium (NESEC), and the Cascadia Region Earthquake
Workgroup (CREW). Historically, each of the NEHRP agencies has funded these entities
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separately, presenting a challenge to coordinate the efforts of these groups to racet NEHRP
objectives. The NEHRP agencies will promote the joint coordination of the activities of these
groups and will develop coordination in annual reviews. This will help avoid duplicative efforts.
It will also force better coordination between the centers and consortia in meeting NEHRP
objectives.

Finally, as an aid to Plan revisions, NEHRP will convene an ad hoc stakeholder group comprised
of a balanced and representative sampling of NEHRP stakeholders. This group will have a
revolving membership and will aid the ICC in revising the Strategic Plan by providing opinions
and firsthand observations of what is needed on the ground to ensure more eff cient earthquake
loss reduction.
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Measuring Performance

Measuring the progress of earthquake mitigation is inherently problematic. Those who seek to
quantify the value of mitigation efforts face a frustrating dilemma—it’s the actions that aren’t
taken that lead to measurable consequences, while the actions that are taken are subject to
ambiguity. Did the structure survive because of retrofitting, or because the shiking intensity and
duration of the earthquake were not sufficiently strong to cause damage? If th: building codes
had not been strengthened, what would have been the impact of an event? It is extremely
difficult to measure events that have not yet occurred, but that is nevertheless the challenge.

The Earthquake Hazards Reduction Act of 1977 and the NEHRP mission statement contain two
complementary, fundamental goals: 1) to develop knowledge and, 2) to promcte practices and
policies to reduce fatalities, injuries, and economic and other losses. As they re distinctly
different tasks, different methods of measuring performance need to be employved.

Developing Knowledge

Evaluating the outcomes of the research component of NEHRP requires a scie:ice-sensitive
approach. Research under NEHRP is intended to fulfill program goals as well as to address a
national goal of leadership in scientific knowledge. Basic research is intended to advance
knowledge—it is not required that it produce tangible, immediately useful results, although this
often happens. NEHRP activities are focused to expand fundamental understanding of
earthquake processes, engineering, and social and economic impacts. This knowledge is further
developed through applied research and development activities that enable effi:ctive transfer of
the new applications, methods, and technologies to those who will use it in recucing earthquake
losses.

A performance assessment for research and development activities should include continuous
self-assessment and periodic external independent review of the outcomes and quality of
research. Of importance to the NEHRP mission, the review should: 1) evaluate the excellence of
the research methods and products; 2) determine how rapidly research results are translated for
use in reducing risk; 3) assess how effectively earthquake scientists, engineers, and practitioners
learn from other areas of research and from other nations; 4) assess how investigators apply new
knowledge and use it in advancing their own research and development efforts; and 5) analyze
the effectiveness and appropriateness of allocation of research resources by discipline and
NEHRP priorities. Recommendations from such evaluations can be used to iniprove the
effectiveness of the research, development, and implementation programs in i eeting the
Nation’s science objectives and the NEHRP goals and objectives. Conclusion: from such
reviews should be included in NEHRP reports to Congress.
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Reducing Losses

The second component of measuring performance is measuring the effectivencss of the program
in the reduction in earthquake losses. Damaging earthquakes occur only infrequently, which
makes difficult the validation of the predicted or expected reductions in earthquake losses as a
result of NEHRP activities. NEHRP could work to develop HAZUS loss estitnates over 5-year
time intervals to estimate the likely reductions in earthquake losses in selected areas of the
country. However, the logistical difficulties required to assemble this data make this path
impractical. An alternative approach is the development of risk indicators tha: can serve as
proxy measures of the success of loss-reduction activities. Input will be required from the
stakeholder communities to identify meaningful metrics, and to evaluate the usefulness of
candidate metrics. Program metrics developed should be subjected to periodic review to ensure
that the target indicator is being accurately represented, and should incorporat: the results of
continuing research in the field.

Next Steps

Development of metrics for a program as diverse and difficult to measure as the NEHRP
program will require careful thought and effort. It is critical that metrics be designed that are
meaningful, that will accurately reflect the performance measures of interest, and that will
actually measure the two key program objectives, developing knowledge and reducing losses. To
develop the desired metrics, the NERHP agencies will commit resources in FY'03 to developing a
series of metrics consistent with each NEHRP agencies’ GPRA reporting requirements for both
the developing knowledge and reducing losses missions of NEHRP.
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Appendix A. Development of Implementation Plan

The development of the implementation sections of this strategic plan began vith a stakeholder
workshop in September of 1999. Workshop participants were identified by gcal so that broad
representation was assured. Discussion of implementation activities occurred in four concurrent
discussion sessions corresponding to the four NEHRP Goals. Discussion leaders were appointed,
and these same leaders were responsible for producing summary reports of recommended
implementation activities following the meeting discussion.

The next step in the process was for a working subgroup of the ICC to categorize the existing
NEHRP activities by goal and objective. This list was then compared to the list of proposed
implementation activities generated from the September 1999 workshop. Areas where suggested
implementation activities were matched by ongoing activities within the agencies were left alone,
while gaps (i.e., those areas where suggested activities represented new or expanded efforts not
currently being addressed within NEHRP) were specifically identified. The agencies then
prioritized these proposed activities on the basis of perceived value and need, and on the fit with
stated NEHRP goals and objectives. These recommendations were then summarized by goal and
objective into a draft document that was distributed to all the participants of the September 1999
workshop.

The distribution of the draft plan was followed by a second workshop in September 2000. At
this meeting, a summary of the major changes to the document was presented. Breakout sessions
corresponding to the four Strategic Plan goals were again assembled to discuss in detail the
recommendations under each goal contained in the latest version of the plan. Also, topical
discussions on stakeholder involvement and program metrics were undertaken in the breakout
groups. Comments were collected in the breakout groups and presented in a gzneral plenary
session. A considerable question and answer period was also employed as a feedback
mechanism. The ICC Working group then took the feedback from the second workshop and
incorporated relevant comments into the plan. At this juncture, the document ‘was reformatted to
reflect the forward-looking nature of NEHRP and to sharpen the focus of the Flan’s message.
The Working Group prepared final revisions, and the plan was submitted to th> agencies for
formal internal review in early November 2000.
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Appendix B. List Of Workshop Participants

September 1-2, 1999
Daniel P. Abrams

Jim Ament

Jill Andrews
Walter Arabasz
Michael Armstrong
James E. Beavers
Richard Bernknopf
Ann Bostrom
Jawhar Bouabid
James Buika
Arrietta Chakos
Harish Chander
Karen Clark

Craig Comartin
James Davis
Gregory Deierlein
Claire Drury
Charles D. Eadie
Donald Eggleston
Richard Fisner
Steven P. French
John Filson

Arthur D. Frankel
Edward S. Fratto
Ian Friedland
Marjorie R. Greene
John Gross

Robert Hanson
Ronald Hamburger
James R. Harris
Jack Hayes
Thomas Heaton
Gregory L. Hempen
Gil Jamieson

Arch Johnston

Rob Johnson
Gerald H. Jones
John D. Kiefer
Anne S. Kiremidjian
Elizabeth Lemersal
HS. Lew
Theodore Litty
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Mid-America Earthquake Center
State Farm Fire and Casualty Co.
University of Southern California
University of Utah

FEMA

Mid-America Earthquake Center
USGS

NSF

Durham Technologies, Inc.

FEMA

City Managers Office, Berkeley, CA
Department of Energy

Applied Insurance Research
Comartin-Reis

California Division of Mines & Geology
Stanford University

FEMA

University of California

SERA Architects PC

Office of Emergency Services, CA
Georgia Institute of Technology
USGS

USGS

NESEC

MCEER

EERI

NIST

FEMA, University of Michigan
EQE International

JR Harris & Company

US Army Construction Engineering
CALTECH

USACE, St. Louis District

FEMA

CERI, University of Memphis
Cascadia Region Earthquake Workgroup
National Institute of Building Sciences
Kentucky Geological Survey
Stanford University

FEMA

NIST

FEMA
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Sue Luebbering-Evers
Edgar V. Leyendecker
Ronald Lynn
George Mader

Stan Mahin

Mike Mahoney
Bob McCluer
Thomas R. McLane
Mike Mehrain

Ugo Morelli

Sam Morton
Priscilla Nelson
Joanne Nigg

Stuart Nishenko
Robert A. Olson
Ronald Padgett

Joy Pauschke

Milo Pearson

Chris Poland
Jonathan G. Price
Joseph Rachel
Robert Reitherman
Michael Riley
Christopher Rojahn
Paul Senseny
Daniel Shapiro
Haresh Shah

Tim Sheckler

Paul G. Somerville
Shyam Sunder
Bruce Swiren

Alex Tang

Mary Taylor
Thomas Tobin
Susan K. Tubbesing
Jerry Uhlmann
Anita Vollmer
Yumei Wang
James Whitcomb
Stephen Weiser
Stuart Werner

Soy Williams

Craig Wingo
Cecily Wolfe

T. Leslie Youd
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FEMA

USGS

Clark Co. Nevada Bldg. Dept.
Spangle Associates

University of California, Berkeley
FEMA

BOCA International

ASCE

Dames & Moore

FEMA

The Morton Company

NSF

University of Delaware

FEMA

Robert Olson Associates, Inc.
Kentucky Division of Emergency Management
NSF

California Earthquake Authority
Degenkolb Engineers

Nevada Bureau of Mines and Geology
FEMA

CUREe

NIST

Applied Technology Council

Factory Mutual Insurance

SOHA Engineers

Stanford University

FEMA

URS Greiner Woodward Clyde

NIST

FEMA

Nortel

FEMA

Tobin and Associates

EERI

Missouri State Emergency management Agency
FEMA

Oregon Dept. of Geology and Mineral Industries
NSF

Idaho Bureau of Disaster Services
Seismic Systems and Engineering Consultants
International Code Council, Inc.
FEMA

NSF

Bringham Young University
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Eugene Zeller
Robert Zimmerman

September 6-7, 2000
Daniel P. Abrams
Jim Ament

John G. Anderson
Michael Armstrong
James E. Beavers
Jawhar Bouabid

Ian Buckle

Jim Buika

Charles D. Eadie
Donald Eggleston
John Filson

Edward S. Fratto
Jayanta Guin
Marjorie R. Greene
Robert Hanson
James R. Harris
Jack Hayes

Thomas Heaton
Gregory L. Hempen
Jon Janowitz

Rob Johnson
Gerald H. Jones
John D. Kiefer
Anne S. Kiremidjian
Elizabeth Lemersal
Mark Leonard
Theodore Litty

Sue Luebbering-Evers
Edgar V. Leyendecker
George Mader
Mike Mahoney

Jill McCarthy
Thomas R. McLane
Mike Mehrain

Jack Moehle

Ugo Morelli
Priscilla Nelson
Stuart Nishenko
Dennis Olmstead
Robert A. Olson

Appendix B

238

Long Beach Department of Planning
Boeing Company

Mid-America Earthquake Center
State Farm Fire and Casulty Co.
University of Nevada

FEMA

Mid-America Earthquake Center
Durham Technologies, Inc.
University of Nevada, Reno

FEMA

University of California

SERA Architects PC

USGS

NESEC

Applied Insurance Research

EERI

FEMA, University of Michigan

JR Harris & Company

US Army Construction Engineering
CALTECH

USACE, St. Louis District

FEMA

Cascadia Region Earthquake Workgroup
National Institute of Building Sciences
Kentucky Geological Survey
Stanford University

FEMA

California Earthquake Authority
FEMA

FEMA

USGS

Spangle Associates

FEMA

USGS

ASCE

Dames & Moore

PEER, University of California, Berkeley
FEMA

NSF

FEMA

Oregon Dept. of Geology and Mineral Industries

Robert Olson Associates, Inc.



Chris Poland
Jonathan G. Price
Michael Riley
Christopher Rojahn
Richard Roths
William U. Savage
Paul Senseny
Daniel Shapiro
Tim Sheckler
Howard Simpson
Paul G. Somerville
Shyam Sunder
Craig Taylor

Susan K. Tubbesing
Jerry Uhlmann
Anita Vollmer

Soy Williams
Craig Wingo

T. Leslie Youd
Robert Zimmerman
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Degenkolb Engineers

Nevada Bureau of Mines and Geology
NIST

Applied Technology Council

FEMA

Pacific Gas & Electric Company
Factory Mutual Insurance

SOHA Engineers

FEMA

Simpson Gumpertz & Heger, Inc.
URS Greiner Woodward Clyde

NIST

Natural Hazards Management, Inc,
EERI

Missouri State Emergency management Agency
FEMA

International Code Council, Inc.
FEMA

Bringham Young University

Boeing
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