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Committee Task

A National Research Council committee will develop a
roadmap for earthquake hazard and risk reduction in the United
States. The committee will frame the road map around the goals
and objectives for achieving national earthquake resilience in
public safety and economic security stated in the current strategic
plan of the National Earthquake Hazard Reduction Program
(NEHRP) submitted to Congress in 2008. This roadmap will be
based on an analysis of what will be required to realize the
strategic plan's major technical goals for earthquake resilience
within 20 years.

In particular, the committee will:



Committee Task (cont.)

Host a national workshop focused on assessing the basic and
applied research, seismic monitoring, knowledge transfer,
implementation, education, and outreach activities needed to
achieve national earthquake resilience over a twenty-year
period.

Estimate program costs, on an annual basis, that will be
required to implement the roadmap.

Describe the future sustained activities, such as earthquake
monitoring (both for research and for warning), education, and
public outreach, which should continue following the 20-year
period.
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PREFACE ADDITION

The recent, disastrous, magnitude-9 earthquake that struck
northern Japan demonstrates the threat that earthquakes
pose, and the tragic impacts are especially striking because
Japan is an acknowledged leader in implementing earthquake-
resilient measures.

Moreover, the cascading nature of impacts—the
earthquake causing a tsunami, cutting electrical power
supplies, and stopping the pumps needed to cool nuclear
reactors—demonstrates the potential complexity of an
earthquake disaster.

Such types of compound disaster can strike any
earthquake-prone populated area



Defining Earthquake Resilience

* The committee interpreted resilience broadly, to incorporate
engineering/science (physical), social/economic (behavioral),
and institutional (governing) dimensions.

* Resilience was interpreted to encompass both pre- and post-
disaster actions to enhance community robustness so that all
earthquake-vulnerable regions can function adequately
following damaging earthquakes.

* The committee also recognized that it is cost-prohibitive to
achieve a completely seismically-resistant nation.



Earthquake Resilience

A disaster-resilient nation is one in which its communities,
through mitigation and pre-disaster preparation, develop the
adaptive capacity to maintain important community functions

and recover quickly when major disasters occur.



Elements and Costs of a Resilience Roadmap

The committee endorses the 2008 NEHRP Strategic Plan, and
identifies 18 specific task elements required to implement that
plan and materially improve national earthquake resilience.



1. Physics of Earthquake Processes

Conduct additional research to advance the understanding of
earthquake phenomena and earthquake generation processes
and to improve the predictive capabilities of earthquake science

5-year annualized cost of $27 million/year, for a total 20-year cost
of S585 million

Rupture direction:
NW to SE




2. Advanced National Seismic System

Complete deployment of the remaining 75 percent of the
Advanced National Seismic System

5-year annualized cost of $66.8 million/year, for a total 20-year
cost of $1.3 billion

On-going operations and maintenance costs after the initial 20-
year period of $50 million/year |




3. Earthquake Early Warning

Evaluation, testing, and deployment of earthquake early warning
systems

5-year annualized cost of $20.6 million/year, for a total 20-year
cost of $283 million

Earthquake Early Warning: Dos & Don'ts

Make residences earthquake-resistant and fix furniture to are for earthquakes

Remain calm, and secure
your personal safety!

If you feel a tremor

If you seelhear
an EEW

ring an Earthquake Earl
tremors arrive. This m

- Protect your head and shelter under a table - Don't slow down suddenly
- Don't rush ou - Turn on your hazard lights to alert other
- Don't worry about turning off the gas s, then slow down smoothly
in the kitchen - If you are still moving when you feel the
earthquake, pull safely over to the
and stop

Earthquake Early
Warning

low the attendant’s - Look out for collapsing
instructions c ete-block walls
- Be careful of falling signs|
and broken glass

In Elevators

-Hold on tight to a strap - Stop the elevator at the

or a handrail neares r and
get off immediately




4. National Seismic Hazard Model

Complete the national coverage of seismic hazard maps and
create urban seismic hazard maps and seismic risk maps for at-risk
communities

5-year annualized cost of $50.1 million/year, for a total 20-year
cost of $946.5 million

PGA with 2% in 50 year PE. BC rock. 2008 USGS

1.0
0.7
0.5
0.4
-0.3
0.2
0.2
0.1
0.1
0.1
0.0
-0.0
- 0.0
0.0
0.0
0.0

0
7
9
6
5
7
1
6
2
0
8
6
4
3
2
1




5. Operational Earthquake Forecasting

Develop and implement operational earthquake forecasting, in
coordination with state and local agencies

5-year annualized cost of S5 million/year, for a total 20-year cost
of $85 million

On-going operations and maintenance costs after the initial 20-
year period are unknown —

CALIFORNIA AREA
EARTHQUAKE PROBABILITIES)

Forecast for 12/01/2010 10:00 AM PST
through 12/2/2010 10:00 AM PST




6. Earthquake Scenarios

Develop scenarios that integrate earth science, engineering, and
social science information so that communities can visualize
earthquake and tsunami impacts and mitigate potential effects

5-year annualized cost of $10 million/year, for a total 20-year cost
of $200 million
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7. Earthquake Risk
Assessments

Integrate science, engineering, and
social science information in an
advanced GIS-based loss estimation
platform to improve earthquake
risk assessments and loss
estimations

5-year annualized cost of S5
million/year, for a total 20-year cost
of S100 million




8. Post-earthquake Social Science Response and
Recovery Research

Document and model the mix of expected and improvised
emergency response and recovery activities and outcomes to
improve pre-disaster mitigation and preparedness practices at
household, organizational, community, and regional levels

5-year annualized cost of $2.3 million/year, reviewed after the
IEIRRCELS



9. Post-earthquake Information Management

Capture, distill, and disseminate information about the geological,
structural, institutional, and socioeconomic impacts of specific
earthquakes, as well as post-disaster response, and create and
maintain a repository for post-earthquake reconnaissance data

5-year annualized cost of S1 million/year, for a total 20-year cost
of $14.6 million

On-going operations and maintenance costs after the initial 20-
year period are unknown, but are likely to be small



10. Socio-economic Research on Hazard Mitigation and
Recovery

Support basic and applied research in the social sciences to
examine individual and organizational motivations to promote
resilience, the feasibility and cost of resilience actions, and the
removal of barriers to successful implementation

5-year annualized cost of $3.0 million/year, for a total 20-year cost
of S60 million

u Total Economic Loss ($ billions)
®Insured Loss ($ billions)
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11. Observatory Network on Community Resilience
and Vulnerability

Establish an observatory network to measure, monitor, and model
the disaster vulnerability and resilience of communities, with a
focus on resilience and vulnerability; risk assessment, perception,
and management strategies; mitigation activities; and
reconstruction and recovery

5-year annualized cost of $2.9 million/year, for a total 20-year cost
of $57.3 million

On-going operations and maintenance costs after the initial 20-
year period are unknown



12. Physics-based Simulations of Earthquake Damage
and Loss

Integrate knowledge gained in Tasks 1, 13, 14 and 16
Physics of the Earthquake Process
Evaluation and Retrofit of Existing Buildings
Performance Based Engineering for Buildings and Lifelines

Next Generation Sustainable Materials, Components and Systems

to enable robust, fully coupled simulations of fault rupture,
seismic wave propagation through bedrock, and soil-structure
response to compute reliable estimates of financial loss, business
interruption and casualties

5-year annualized cost of S6 million/year, for a total 20-year cost
of $120 million



13. Techniques for Evaluation and Retrofit of Existing
Buildings

Develop analytical methods that predict the response of existing
buildings with known levels of reliability based on integrated
laboratory research and numerical simulations, and improve
consensus standards for seismic evaluation and rehabilitation

5-year annualized cost of $22.9 million/year, for a total 20-year
cost of $543.6 million



14. Performance-based Earthquake Engineering for
Buildings

Advance performance-based earthquake engineering knowledge
and develop implementation tools to improve design practice,
inform decision makers, and revise codes and standards for
buildings, lifelines and geo-structures

5-year annualized cost of $46.7 million/year, for a total 20-year
cost of $891.5 million



15. Guidelines for Earthquake-Resilient Lifeline Systems

Conduct lifelines-focused collaborative research to better
characterize infrastructure network vulnerability and resilience as
the basis for the systematic review and updating of existing
lifelines standards and guidelines, with targeted pilot programs
and demonstration projects

5-year annualized cost of S5 million/year, for a total 20-year cost
of $100 million



16. Next Generation Sustainable Materials,
Components, and Systems

Develop and deploy new high-performance materials,
components and framing systems that are green and/or adaptive

5-year annualized cost of $8.2 million/year, for a total 20-year cost
of $334.4 million



17. Knowledge, Tools, and Technology Transfer to/from
the Private Sector

Initiate a program to encourage and coordinate technology
transfer across the NEHRP domain to ensure the deployment of
state-of-art mitigation techniques across the nation, particularly in
regions of moderate seismic hazard

5-year annualized cost of $8.4 million/year, for a total 20-year cost
of $168 million



18. Earthquake Resilient Community and Regional
Demonstration Projects

Support and guide community-based earthquake resiliency pilot
projects to apply NEHRP-generated and other knowledge to
improve awareness, reduce risk, and improve emergency
preparedness and recovery capacity

5-year annualized cost of $15.6 million/year, for a total 20-year
cost of $1 billion



Summary Totals

The annualized cost for the first 5 years of the roadmap for
national earthquake resilience is $306.5 million/year (52009)

Actual NEHRP appropriations in 2009 were $129.7 million
Factor of 2.4 increase in annual budget

The total 20-year estimate is $6.8 billion (52009)



In Context

2008 Great California ShakeOut exercise in southern California
was a scenario study for a magnitude-7.8 earthquake on the
southernmost 300 km of the San Andreas Fault -- 1800 fatalities,
$113 billion in damages to buildings and lifelines, and nearly $S70
billion in business interruption

Proposed 20 year NEHRP Budget represents ~ 3% Potential Losses
in a single catastrophic earthquake






