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Executive Summary

The most recent reauthorization of the National Earthquake Hazards Reduction Program
(NEHRP), P.L. 115-307, includes a heightened focus on achieving community resilience and a
new requirement for the National Institute of Standards and Technology (NIST) and the Federal
Emergency Management Agency (FEMA) to jointly convene a Committee of Experts to assess
and recommend options for improving the built environment and critical infrastructure to reflect
performance goals stated in terms of post-earthquake reoccupancy and functional recovery time.

To comply with this mandate, NIST and FEMA developed a plan of action in which FEMA
funded a Project Technical Panel, responsible for report development, and NIST funded a Project
Review Panel, responsible for report review. The Committee of Experts consisted of the Project
Technical Panel, with 17 outside experts and representation from all interest groups named in the
reauthorization, and the Project Review Panel, with 10 outside experts and similar
representation. To facilitate national-level stakeholder interaction, NIST hosted five stakeholder
workshops that were used to gather additional information and feedback.

This report provides a set of options in the form of recommendations, tasks, and alternatives for
improving the built environment, which have been developed and assessed by the Committee of
Experts. It describes community resilience, defines the concepts of reoccupancy and functional
recovery, and explains the relationship among these three ideas. It explains why reoccupancy
and functional recovery concepts are needed, describes a target performance state, and identifies
potential cost and benefits associated with implementing enhanced seismic design. To fulfill the
Congressional mandate, this report addresses the issue of functional recovery for seismic hazard.
Although this report does not discuss the unique challenges associated with improving functional
recovery for other hazards, recommendations in this report could be leveraged and adapted for
other natural hazards.

The motivation for this report is the risk that the United States faces each year from all forms of
natural hazards, including hurricanes, floods, wildfires, and earthquakes. Natural hazard events
can affect communities through damage that results in injury and loss of life, interruption of
lifeline services, displacement of residents and businesses, and economic and socio-cultural
impacts. Almost half of the U.S. population — 150 million people — reside in portions of 42
states that are at risk of experiencing a damaging earthquake within the next 50 years.
Earthquakes have caused disastrous impacts in the past and are expected to cause more in the
future. In regions of high seismic risk where an earthquake hasn’t occurred for some time,
scenario studies predict deaths in the thousands, injuries in the tens of thousands, and hundreds
of billions of dollars in direct economic losses, along with long-term, destabilizing impacts to
community function.
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In all cases, whether historic or scenario-based, the loss of life and property, and the negative
impacts to the economy, were a direct result of the inability of the built environment to withstand
the effects of earthquakes and other natural hazards. Because federal, state, and local,
governments have critical functions in disaster recovery, they all can play an important role in
facilitating the process to reduce the costs of recovery. To protect U.S. communities and
taxpayers against future losses on the scale of those experienced in Hurricane Katrina, or
predicted in earthquake scenario studies, a change in building codes, building practices, and
societal values is needed.

To support resilience goals at the community level, there is a need to establish a link between the
design, construction, and retrofit of individual buildings and lifeline infrastructure systems, and
community resilience, as measured by time to recovery of function; but this link is currently
missing. The concepts of reoccupancy and functional recovery have been introduced to serve as
this link, defined as follows:

Reoccupancy is a post-earthquake performance state in which a building is maintained, or
restored, to allow safe re-entry for the purposes of providing shelter or protecting building
contents.

Functional recovery is a post-earthquake performance state in which a building or lifeline
infrastructure system is maintained, or restored, to safely and adequately support the basic
intended functions associated with the pre-earthquake use or occupancy of a building, or the
pre-earthquake service level of a lifeline infrastructure system.

A key concept for functional recovery is that basic intended functions are something less than
full pre-earthquake functionality, but more than what would be considered the minimum
sufficient for reoccupancy of buildings or temporary provision of lifeline services. For each of
these performance states, it will be necessary to define recovery-based objectives in the form of
acceptable target recovery times at specified levels of earthquake shaking, and these acceptable
recovery times might differ for various building uses and occupancies, or lifeline services.

The evolution of seismic building codes and standards has been fueled by the development of
design guidance under the National Earthquake Hazards Reduction Program. In addition,
decades of research and problem-focused studies have resulted in federal publications that have
served to advance hazard mitigation and improve resilience. Recent guidance such as the
Community Resilience Planning Guide for Buildings and Infrastructure Systems (NIST, 2016a),
FEMA P-58 Seismic Performance Assessment of Buildings, Methodology and Implementation
(FEMA, 2018a), Disaster Resilience: A National Imperative (NRC, 2012), the Safe Enough to
Stay (SPUR, 2012), and the Oregon Resilience Plan: Reducing Risk and Improving Recovery for
the Next Cascadia Earthquake and Tsunami (OSSPAC, 2013) have advanced practice to the
point that explicit design for reoccupancy and functional recovery can be considered. Wide
adoption of these practices will require further changes in building codes and building practices,
and a shift in societal expectations of performance.

To initiate changes in design and construction practice to improve the built environment, this
report provides an overarching recommendation related to developing a framework, and six
additional supporting recommendations related to improving the performance of buildings,
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improving the performance of lifeline infrastructure systems, expediting recovery through pre-
disaster planning, and enabling action with education and financial resources. Across all
recommendations, there are 17 tasks identifying necessary actions and nine possible alternative
actions needed for implementation of the recommendations.

Improving the performance of buildings and lifeline infrastructure systems in terms of
reoccupancy and functional recovery time will require coordinated action across all
recommendations. Although each recommendation can have a positive impact, maximum
effectiveness will only be achieved when all of the recommendations are fully implemented. In
summary, the recommendations are:

Recommendation 1: Develop a Framework for Post-Earthquake Reoccupancy and
Functional Recovery Objectives. A framework for reoccupancy and functional
recovery is needed to provide a national consensus on policies and technical criteria
necessary to define what services must be in place and the design requirements needed
for a building or lifeline infrastructure system to be occupiable or functionally
recoverable within a specified timeframe after an earthquake.

Recommendation 2: Design New Buildings to Meet Recovery-Based Objectives.
Because current building codes do not specifically address recovery-based objectives
and resulting designs will yield inconsistent performance results, new buildings should
be designed for specific recovery-based objectives that will support reliable reoccupancy
and acceptable functional recovery times following a major earthquake.

Recommendation 3: Retrofit Existing Buildings to Meet Recovery-Based Objectives.
To address known vulnerabilities in the existing building inventory, existing buildings
should be retrofitted to meet recovery-based objectives that will support reliable
reoccupancy and acceptable functional recovery times following a major earthquake.

Recommendation 4: Design, Upgrade, and Maintain Lifeline Infrastructure Systems to
Meet Recovery-Based Objectives. To improve the performance of lifeline
infrastructure systems in a major earthquake, a recovery-based approach for the design
of new systems and the upgrade and maintenance of existing systems is needed.
Because the operation of a lifeline infrastructure system depends on numerous
components, designed and built over time, using a variety of standards, procedures, and
material types, the recovery-based design, upgrade, and maintenance of a system are
combined and considered under a single recommendation.

Recommendation 5: Develop and Implement Pre-Disaster Recovery Planning Focused
on Recovery-Based Objectives. Pre-disaster recovery planning involves making
decisions before a disaster about how a community will recover after a disaster. Pre-
disaster recovery planning by federal, state, local, tribal, and territorial governmental
authorities, building owners and managers, and lifeline infrastructure system owners and
operators is needed to improve reoccupancy and functional recovery times beyond what
is achievable by design and construction alone.
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Recommendation 6: Provide Education and Outreach to Enhance Awareness and
Understanding of Earthquake Risk and Recovery-Based Objectives. Many people
underestimate the risks associated with earthquakes and do not understand the
performance that building codes are intended to provide. Education and outreach are
needed to enhance awareness and understanding of earthquake risk and recovery-based
objectives, and to enable communities to make rational decisions about how the built
environment should be designed and constructed.

Recommendation 7: Facilitate Access to Financial Resources Needed to Achieve
Recovery-Based Objectives. The probability of mitigation increases as the financial
resources needed to facilitate mitigation are created and made available. A shiftto a
focus on recovery-based objectives will cost money. Those who will bear these costs
will need to have access to additional financial resources needed to make such a shift.
Existing mechanisms to facilitate access to financial resources should be augmented
with newly developed and implemented mechanisms.

Implementation will involve public and private stakeholders and support at all levels of
government, so individual recommendations, tasks, and alternatives have not been assigned to
any specific federal agency. In considering the overall list of recommendations, and potential
actions by stakeholders at all levels, the Committee offers the following list of actions that
Congress might choose to take, or might choose to encourage other federal entities to perform:

Support Technical Development. Support the development of policies along with practical
and effective methods for design and retrofit of buildings and lifeline infrastructure systems
to enable the implementation of Recommendations 1, 2, 3, and 4. Past successes of the
NEHRP agencies in advancing the science and practice of seismic engineering should be
leveraged and expanded towards the development of recovery-based provisions, codes, and
standards for buildings. Furthermore, activities identified in the Earthquake Resistant
Lifelines: NEHRP Research, Development and Implementation Roadmap (NIST, 2014)
should be implemented for lifeline infrastructure systems. Advocacy for incorporation and
adoption of the results of developmental efforts at various levels of government, and in the
private sector, should also be supported.

Incentivize Action. Encourage state and local jurisdictions to adopt recovery-based codes
and standards, and engage in recovery-based planning, mitigation, financial, and other
enabling activities envisioned under Recommendations 5 and 7.

Encourage Federal Leadership by Example. Encourage the Executive Branch to develop
recovery-based seismic design and retrofit requirements for federally owned and leased
buildings, similar to actions that have been taken in the past. Additionally, the federal
government should require lifeline infrastructure systems that are owned, managed, funded,
or operated by federal agencies to be designed or upgraded to meet new federal recovery-
based requirements.

Mount an Education Campaign. Lead the development and implementation of an
education campaign as discussed under Recommendation 6 and support similar educational
efforts by state and local jurisdictions. The purpose of such a campaign would be to create
public awareness and a political environment that would allow other recommendations to be
successful.

viii
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Action at the federal level is strongly encouraged to improve the built environment across the
nation. Although taking no action would avoid additional federal expenditures in the short term
a lack of action would lead to higher federal response and recovery costs in future disasters.
Ultimately, the improved resilience resulting from taking action will yield communities that are
better prepared and better able to recover rapidly from future earthquakes and other natural
hazards, while saving lives, livelihoods, money, and time.

9
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Chapter 1

Introduction

1.1 Congressional Mandate

The most recent reauthorization of the National Earthquake Hazards Reduction Program
(NEHRP), P.L. 115-307, includes a heightened focus on achieving community resilience. It adds
a new requirement under NEHRP activities for the National Institute of Standards and
Technology (NIST) and the Federal Emergency Management Agency (FEMA). The new
requirement reads as follows:

SEC. 5. SEISMIC STANDARDS.

(a) ASSESSMENT AND RECOMMENDATIONS.—Not later than December 1, 2019, the
Director of the National Institute of Standards and Technology and the Administrator of
the Federal Emergency Management Agency shall jointly convene a committee of experts
from federal agencies, nongovernmental organizations, private sector entities, disaster
management professional associations, engineering professional associations, and
professional construction and homebuilding industry associations, to assess and
recommend options for improving the built environment and critical infrastructure to
reflect performance goals stated in terms of post-earthquake reoccupancy and functional
recovery time.

(b) REPORT TO CONGRESS.—Not later than June 30, 2020, the committee convened under
paragraph (1) shall submit to the Committee on Commerce, Science, and Transportation,
the Committee on Energy and Natural Resources, and the Committee on Homeland
Security and Governmental Affairs of the Senate and the Committee on Science, Space,
and Technology, the Committee on Natural Resources, and the Committee on Homeland
Security of the House of Representatives a report on recommended options for improving
the built environment and critical infrastructure to reflect performance goals stated in
terms of post-earthquake reoccupancy and functional recovery time.

Further, according to the Congressional Research Service, in their publication, The National
Earthquake Hazards Reduction Program (NEHRP): Issues in Brief, Updated December 13,
2018

Section 5 of P.L. 115-307 updates the language in 42 U.S.C. 7705b that previously called for
the adoption of seismic safety standards for buildings constructed or leased by the federal
government. The new language requires, instead, an assessment and recommendations for
improving the built environment and critical infrastructure specifically “to reflect

I https://crsreports.congress.gov, R43141
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performance goals stated in terms of post-earthquake reoccupancy and functional recovery
time.”

“This language highlights one of the changes in overall NEHRP program direction to

enhance the aspect of earthquake resilience, meaning building structures

that would allow for continued use and reoccupancy following an In the context of this
earthquake.” report, “built
environment” refers to
The mandate refers to “built environment” and “critical infrastructure.” both buildings and
However, the term “built environment” is generally understood to include critical infrastructure,
buildings and infrastructure. Therefore, in the context of this report, built and “critical
environment is used to refer to both buildings and critical infrastructure, infrastructure” refers to
where critical infrastructure is taken to mean lifeline infrastructure systems, lifeline mfrastructyre
which include transportation, electric power, communication, gas and liquid S il SaE Gy
depends on.
fuel, water and wastewater systems.

1.2 Approach

In response to the Congressional mandate, NIST and FEMA jointly convened a Committee of
Experts including representatives from federal agencies, nongovernmental organizations, private
sector entities, disaster management professional associations, engineering professional
associations, and professional construction and homebuilding industry associations. The
Committee of Experts included a Project Technical Panel (PTP), funded by FEMA, charged with
developing a report to Congress, and a Project Review Panel (PRP), funded by NIST, charged
with providing review and feedback on the developing report. In fulfilling its charge, the
Committee considered current design practice and likely performance of the built environment in
future earthquakes, evolving concepts of resilience, and emerging technologies for assessing and
reducing future disruption and losses from earthquakes. The Committee investigated how
enhanced performance could be achieved through new design, retrofit, and strategic replacement
of buildings and lifeline infrastructure systems, and explored how pre-disaster recovery planning,
enhanced post-disaster response, education, and access to financial resources could lead to
reduced reoccupancy and functional recovery times following an earthquake.

This report is a combined effort of the PTP in developing the report and the PRP in providing
review and feedback. It provides a range of perspectives from the Committee of Experts on
options for improving the built environment. To facilitate national-level stakeholder interaction,
five stakeholder workshops were held in St. Louis, Salt Lake City, Seattle, San Francisco, and
Los Angeles. Workshop discussions were used to gather additional feedback on potential report
content. Appendix A contains more detailed information on Committee and workshop processes
and approaches.

1.3 Report Organization and Content

This report provides a set of recommended options, developed and assessed by the Committee of
Experts. It describes community resilience, defines the concepts of reoccupancy and functional
recovery, and explains the relationship among these three ideas. It explains why reoccupancy
and functional recovery concepts are needed, describes a target performance state, and identifies
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potential costs and benefits associated with implementing enhanced seismic design. To fulfill
the Congressional mandate, this report addresses the issue of functional recovery for seismic
hazard. Although this report does not discuss the unique challenges associated with improving
functional recovery for other hazards, recommendations in this report could be leveraged and
adapted for other natural hazards.

The mandate requires the assessment and recommendation of options. In the _

context of this report, “recommended options” refers to the collection of In the c“ontext of this

recommendations, tasks, and alternatives for implementation described in the report, ”recommended
. . options” refers to the

chapters that follow. Recommendations are groups of tasks and alternatives collection of

that, if implemented, would achieve a common result. 7asks are individual

) ) L . ; . recommendations,
actions associated with implementation of a recommendation, all of which e

are considered necessary for achieving the intended result. Alternatives are for implementation
actions for which there is choice associated with the implementation of a described in the
recommendation. Choosing among alternatives implies a tradeoff between chapters that follow.

advantages and disadvantages, and different alternatives within a
recommendation will not necessarily have the same effectiveness or achieve the same result.

This report includes an overarching recommendation related to developing a framework, and six
additional supporting recommendations related to improving the performance of buildings,
improving the performance of lifeline infrastructure systems, expediting recovery through pre-
disaster planning, and enabling action with education and financial resources. The
recommendations, and the chapters in which they are discussed, are summarized in Table 1-1.

Table 1-1 Summary Recommendations and Placement in Report
Rec. Description Chapter

1 Develop a Framework for Post-Earthquake Reoccupancy and Functional Recovery Objectives 2

2 Design New Buildings to Meet Recovery-Based Objectives 3

3 Retrofit Existing Buildings to Meet Recovery-Based Objectives 3

4 Design, Upgrade, and Maintain Lifeline Infrastructure Systems to Meet Recovery-Based 4
Objectives

5 Develop and Implement Pre-Disaster Recovery Planning Focused on Recovery-Based 5
Objectives

6 Provide Education and Outreach to Enhance Awareness and Understanding of Earthquake 6
Risk and Recovery-Based Objectives

7 Facilitate Access to Financial Resources Needed to Achieve Recovery-Based Objectives 6

Across all recommendations, there are 17 tasks identifying necessary actions and nine possible
alternative actions needed for implementation of the recommendations. Table 1-2 summarizes
the compiled list of recommendations, tasks, and alternatives.
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Table 1-2

List of Recommendations, Tasks, and Alternatives for Improving the Built
Environment to Achieve Post-Earthquake Reoccupancy and Functional

Recovery

Rec. Task

Alt.

Description

Develop a Framework for Post-Earthquake Reoccupancy and Functional
Recovery Objectives

1.1

Develop a Policy for Recovery-Based Objectives

1.2

Develop Design Criteria for Achieving Recovery-Based Objectives

1.3

Determine Appropriate Hazard Levels for Recovery-Based Objectives

Design New Buildings to Meet Recovery-Based Objectives

21

Mandate the Design of New Buildings to Meet Recovery-Based Objectives Using
Future National Model Code Provisions

2-2

Mandate the Design of New Buildings to Meet Recovery-Based Objectives Using
Interim Provisions

Encourage the Voluntary Design of New Buildings to Meet Recovery-Based
Objectives

Retrofit Existing Buildings to Meet Recovery-Based Objectives

3-1

Mandate the Retrofit of Existing Buildings to Meet Recovery-Based Objectives

3-2

Trigger the Retrofit of Existing Buildings to Meet Recovery-Based Objectives

3-3

Encourage the Voluntary Retrofit of Existing Buildings to Meet Recovery-Based
Objectives

Design, Upgrade, and Maintain Lifeline Infrastructure Systems to Meet
Recovery-Based Objectives

4.1

Provide National Guidance on Regulatory Authority Across Lifeline Infrastructure
Sectors

4.2

Evaluate the Ability of Lifeline Infrastructure Systems to Meet Recovery-Based
Objectives

4.3

Develop National Seismic Design Standards to Meet Recovery-Based Objectives for
Lifeline Infrastructure Systems

4.4

Create Regional Lifelines Councils

4-1

Mandate the Design of New and Upgrade of Existing Lifeline Infrastructure Systems
to Meet Recovery-Based Objectives

4-2

Encourage the Voluntary Design of New and Upgrade of Existing Lifeline
Infrastructure Systems to Meet Recovery-Based Objectives

4-3

Trigger the Upgrade of Existing Lifeline Infrastructure Systems to Meet Recovery-
Based Obijectives
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Table 1-2 List of Recommendations, Tasks, and Alternatives for Improving the Built
Environment to Achieve Post-Earthquake Reoccupancy and Functional
Recovery (cont’d)

5 Develop and Implement Pre-Disaster Recovery Planning Focused on Recovery-
Based Objectives

5.1 Develop and Implement Pre-Disaster Recovery Plans
5.2 Create and Promote Seismic Continuity Programs
5.3 Expand and Improve Criteria, Guidelines, and Procedures for Post-Earthquake
Assessments and Evaluations
54 Plan for Sufficient Staffing to Expedite Post-Earthquake Recovery
5.5 Develop and Implement Building Occupancy Resumption Programs
5.6 Develop Alternative Standards for Temporary Habitability to Facilitate Reoccupancy
6 Provide Education and Outreach to Enhance Awareness and Understanding of
Earthquake Risk and Recovery-Based Objectives
6.1 Educate Building and Lifeline Infrastructure System Stakeholders about Earthquake
Risk and Recovery-Based Objectives
6.2 Educate Design and Construction Industry Professionals about Earthquake Risk and
Recovery-Based Objectives
7 Facilitate Access to Financial Resources Needed to Achieve Recovery-Based
Objectives
71 Develop and Deploy Pre-Disaster Financial Mechanisms to Achieve Recovery-Based
Objectives
7.2 Develop and Deploy Post-Disaster Financial Mechanisms to Achieve Recovery-

Based Objectives

Recommendations, tasks, and alternatives can be assessed using any number of criteria,
including technical or political feasibility, initial or life-cycle costs, and net benefit or benefit-
cost ratios. Quantitative assessment, however, is beyond the scope of this report. Instead,
recommendations, tasks, and alternatives are qualitatively assessed, based on the experience and
judgement of the Committee of Experts, using the following criteria: effectiveness, feasibility,
cost, and time for development. Qualitative assessments are provided in Chapter 7.

A recommendation, task, or alternative in this report is not necessarily meant to be implemented
by Congress, or any other specific federal agency. A list of actions that Congress might choose
to take, along with the potential roles of different stakeholder groups in the implementation of
recommendations, are described in Chapter 7. Additional, more detailed background
information, technical information, and commentary on the recommendations, tasks, and
alternatives are provided in the Appendices.

1.4  Motivation for Change

Natural hazard events cost the United States an average of $100 billion annually (Smith and
Katz, 2013). In 2017, losses exceeded $300 billion, which was approximately $1,000 per
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American and about 25% of the $1.3 trillion worth of new construction put in place that year
(U.S. Census Bureau, 2018). Each year the United States is at risk of experiencing damaging
events from all forms of natural hazards, including hurricane, flood, wildfire, and earthquakes.
These events can affect communities through damage that results in injury and loss of life,
interruption of lifeline services, displacement of residents and businesses, and economic and
socio-cultural impacts. They have the potential to yield negative consequences for years, even
decades, and community recovery is not assured. The speed of recovery can affect whether
community members decide to stay and rebuild or leave a community for good (Arendt and
Alesch, 2014).

In 2005, Hurricane Katrina caused widespread damage and destruction of housing, schools,
commercial and retail buildings, government facilities, and lifeline infrastructure systems in
Alabama, Louisiana, and Mississippi. Direct property damage was estimated at $125 billion
(2005 dollars), and total losses, including federal assistance, lost business, and lost commerce
were much larger (NOAA, 2018). Businesses closed and more than half of the population of
New Orleans fled or resettled in other locations. Many stayed away permanently, in part,
because recovery was slowed by a lack of safe and affordable housing, schools that remained
shuttered, hospitals that were closed, jobs that were lost, issues with building and lifeline
reconstruction, and politics that failed to enable swift and trustworthy decision making (Arendt
and Alesch, 2014). Fifteen years later, the population of New Orleans remains at approximately
80% of what it was prior to the hurricane. One of the essential lessons learned from New
Orleans and Hurricane Katrina was that the speed of recovery affects community perceptions of
recovery, which, in turn, affects the availability of resources to enable recovery.

Earthquakes have caused similar disasters in the past and are expected to cause more in the
future. The magnitude 7.8 earthquake and resulting fires on April 18, 1906 devastated much of
San Francisco, then the nation’s ninth largest city, resulting in catastrophic losses and a shift in
economic growth to regions that were less affected by the earthquake (Ager et al., 2019). The
magnitude 9.2 Great Alaskan earthquake on March 27, 1964 destroyed much of Anchorage,
Alaska. More recent events, such as the magnitude 6.7 Northridge earthquake on January 17,
1994 caused significant damage to the built environment and direct economic losses of $42
billion (1998 dollars). Insured losses in Northridge cost more than three times the total
earthquake premiums collected in the 25-year period prior to the disaster, which eventually led to
an insurance availability crisis and collapse of the earthquake insurance industry in California
(Petak and Elahi, 2001).

Almost half of the U.S. population — 150 million people — reside in portions
of 42 states that are at risk of experiencing a damaging earthquake within the | Almost half of the U.S.
next 50 years. Sixteen of those states, including California, Oregon, population —150
Washington, Alaska, Hawaii, Tennessee, and Missouri, are at very high risk, million people — reside
and their metropolitan regions could face unprecedented life loss and
f:atastrophic damage to bpildings, gritical 'infrastructure, gnd lifeline experiencing a
infrastructure systems with cascading social and economic consequences damaging earthquake
(Petersen et al., 2014). A disaster in one community or state can have within the next 50
economic and social impacts on neighboring communities or states, if not the | years.

entire nation, highlighting the importance of natural hazard mitigation at the

that are at risk of

in portions of 42 states

federal level.
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Figure 1-1 is a map produced by the United States Geological Survey (USGS) showing regions
of the United States that are at risk for a level of earthquake shaking that can be expected, on
average, every 500 years. In the map, earthquake shaking is measured by Modified Mercalli
Intensity (MMI), which is a scale capturing the effects of earthquakes ranging from
imperceptible shaking (MMI ) to extreme shaking (MMI X). MMI IV corresponds to light
shaking felt mostly by people indoors, while widespread shaking corresponding to MMI VIII or
higher can produce catastrophic damage like that experienced in downtown Christchurch, New
Zealand from the M6.3 earthquake in 2011 (EERI, 2011). Of the cities identified in the figure,
there is nearly a 60% chance that at least one, and nearly a 40% chance that two or more, will
experience such an event in the next 50 years.
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Figure 1-1  Regions of the United States at risk of significant earthquake shaking
(courtesy of N. Luco, USGS).

In regions of high seismic risk where an earthquake hasn’t occurred for some time, scenario
studies can be used to understand the potential impacts of future large earthquakes:

e In a scenario repeating the 1906 earthquake, Kircher et al. (2006) estimates that more than
90,000 buildings in the San Francisco Bay area would be damaged, and the cost to repair and
replace damage to buildings and infrastructure would be $150 billion (2006 dollars).

e Similarly, in a USGS study of a magnitude 7.8 earthquake scenario in Southern California,
Perry et al. (2008) estimates 2,000 deaths, 50,000 injuries, and $200 billion in direct costs
(2008 dollars), along with long-term, destabilizing impacts to community function.
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e In a more recent USGS study of a magnitude 7.0 earthquake scenario on the Hayward Fault
along the east side of San Francisco Bay, Hudnut et al. (2018) estimates 800 deaths, 18,000
injuries, and property damage and direct economic losses of more than $82 billion (2016

dollars).

e Other scenarios looking at potential earthquakes in Oregon, San Diego, and Salt Lake City
reveal similar consequences for the built environment and for the people, economy, and
culture of these communities. For example, the Oregon Resilience Plan is based on a
magnitude 9.0 great Cascadia earthquake and tsunami scenario, with estimated fatalities of
more than 10,000 due to the combined effects of earthquake and tsunami, tens of thousands
of buildings destroyed or damaged so extensively that they will require months to years of
repair, tens of thousands of displaced households, more than $30 billion in direct and indirect
economic losses (close to one-fifth of Oregon’s gross state product), and more than one

million truckloads of debris (Yu et al., 2014).

In all cases, whether historic or scenario-based, the loss of life and property,
and the negative impacts to the economy, were a direct result of the inability
of the built environment to withstand the effects of earthquakes and other
natural hazards. Because federal, state, and local governments have critical
functions in disaster recovery, they all can play an important role in
facilitating the process to reduce the costs of recovery. Developed in
response to Presidential Policy Directive 8 (PPD-8) (The White House,
2011), the National Preparedness Goal (FEMA, 2015a) envisions “a secure
and resilient nation with the capabilities required across the whole
community to prevent, protect against, mitigate, respond to, and recover
from the threats and hazards that pose the greatest risk.” The National

The cost of damage
from extreme natural
hazard events is
extraordinarily high
and the time needed
for recovery is
significantly longer
than most people
expect or are willing to
accept.

Preparedness Goal establishes an important objective for preparedness. It recognizes that the
cost of damage from extreme natural hazard events is extraordinarily high and the time needed
for recovery is long — significantly longer than most people expect or are willing to accept
(Arendt and Alesch, 2014). It should be noted that the Defense Critical Electric Infrastructure
(DCEI) may be a component of some lifelines infrastructure systems, and their timely recovery
could minimize the potential national security implications resulting from a natural hazard event.

After decades of investment, the capability to design and construct buildings
and lifeline infrastructure systems for enhanced earthquake performance has
been developed. However, current building codes and lifeline infrastructure
system design criteria do not explicitly protect against economic losses or
require buildings or lifeline infrastructure systems to be serviceable
following an earthquake. A recent FEMA study (FEMA, 2018b) suggests
that 20% to 40% of modern code-conforming buildings in an affected region
would be unfit for occupancy following a large earthquake, taking months or
years to repair, and 15% to 20% would be economically unrepairable, taking
many years to replace. Moreover, older buildings and lifeline infrastructure
systems in most U.S. cities do not conform to modern design requirements
and would perform even worse than new buildings under strong shaking.

Current building codes
and lifeline
infrastructure system
design criteria do not
explicitly protect
against economic
losses or require
systems to be
serviceable following
an earthquake.
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To protect U.S. communities and taxpayers against future losses on the scale
of those experienced in Hurricane Katrina, or predicted in earthquake To protect U.S.
scenario studies, a change in codes, standards, construction practices, and communities and
societal values is needed. Individual cities and states have the power to do taxpayers against
this, but most do not have the resources, or the mandate, to take on such a fuht ure Io§sesaa
challenge, which is why support and leadership at the federal level is :taanndga%r; —
necessary. In a previous report mandated by Congress, Research Needs to constructic’)n practices,
Support Immediate Occupancy Building Performance Objective Following and societal values is

Natural Hazard Events (Sattar et al., 2018), NIST outlined research and needed.

public policy needs as well as implementation activities required to improve
the performance of buildings immediately following natural hazard events. This information and
the overall process provided important background for the earthquake-focused functional
recovery concepts developed in this report.

The need to reduce vulnerability, minimize losses, and improve the ability of communities to
rapidly recover after future earthquakes and other natural hazard events, without excessive use of
human, financial, and material resources, is the underlying motivation for promoting concepts of
community resilience, reoccupancy, and functional recovery.

1.5 Community Resilience

Presidential Policy Directive 21 (PPD-21) (The White House, 2013) defines community
resilience as:

“The ability to prepare for and adapt to changing conditions and to withstand and recover
rapidly from disruptions. Resilience includes the ability to withstand and recover from
deliberate attacks, accidents, or naturally occurring threats or incidents.”

The overarching purpose of community resilience is to maintain the long-term viability of a
community following an earthquake or other natural hazard event. In the NIST Community
Resilience Planning Guide for Buildings and Infrastructure Systems (CRPG) (NIST, 2016a),
community refers to a place designated by geographical boundaries that functions under the
jurisdiction of a governance structure, such as a town, city, or county. The concept of
community resilience can also be applied at larger scales, such as a region or metropolitan area,
or at smaller scales, such as a university campus or military base. Community resilience
involves social, cultural, economic, and human considerations along with built environment
considerations. For communities at any scale to function and prosper, buildings and lifeline
infrastructure systems need to support the government, industry, business, education, social,

cultural, and health services needed for everyday life and overall community

vitality. A key concept of
community resilience

A key concept of community resilience is interdependency, which can be is interdependency,

one-way, two-way, or multiple-level reliance between systems that is which is reliance

between systems that
is required for each to
be functional or
provide services.

required for each to be functional or provide services. This includes
dependencies between human systems and the supporting built environment,
as well as dependencies between different components of the built
environment, especially in the case of natural hazard events. For example,
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communities require safe and serviceable structures as well as water distribution, electrical
power grids, and transportation networks, which, in turn, support other critical services like food
supply chains. These systems are becoming progressively more interconnected and reliant on
power systems, communication systems, and modern conveniences associated with the
technological advancements of the information age (Edwards, 2009).

Improving the resilience of a community takes time and requires implementation of long-term
plans that address community resilience goals, which are incorporated into all community plans
(e.g., comprehensive plans, hazard mitigation plans, and economic development plans) for
effective and coordinated implementation. Determining resilience goals, setting public policy,
and prioritizing the investment of limited resources are challenges requiring solutions involving a
range of stakeholder groups and diversity of perspectives. Although resilience may be a shared
goal, the various groups involved may have competing interests and varying levels of investment
or technical knowledge that require consideration.

1.6  Reoccupancy and Functional Recovery

Implementing community resilience goals requires leadership with a strong
commitment to resilience concepts, a long-term perspective, community
support for capital investment, and dedication to continual improvements in
mitigation, preparedness, response, and recovery activities. Although goals desirable. and

of improved community resilience are desirable, and increasingly necessary, increasinély

they are also challenging to achieve and difficult to enforce. The FEMA-led necessary, they are
Mitigation Framework Leadership Group (MitFLG) takes this issue further also challenging to

in its “Community Resilience Indicators and National-Level Measures: A achieve and difficult to

Draft Interagency Concept”?: enforce.

Although goals of
improved community
resilience are

“Defining and quantifying community resilience capacity can be

challenging at any level; however, it is especially complicated on a national scale. While
most actions to improve community resilience capacity occur at the local level, federal
programs provide numerous resources that support relevant community capacity building
nationwide. It is important to understand how such actions improve local resilience capacity.
However, federal agencies also must gauge how their efforts individually and collectively
impact community resilience capacity nationwide.”

To support resilience goals at the community level, there is a need to establish a link between the
design, construction, and retrofit of individual buildings and lifeline infrastructure systems, and
community resilience, as measured by time to recovery of function (Bruneau, et al., 2003), but
this link is currently missing. The concepts of reoccupancy and functional recovery have been
introduced to serve as this link.

Functionality is a measure of how well a building or lifeline infrastructure system operates,
delivers its required services, or meets its intended purpose. Time to recovery of function is a
measure of how long it takes before a building or lifeline infrastructure system is functioning
after an earthquake or other natural hazard event. Defining necessary and critical functions for a

2 https://www.fema.gov/community-resilience-indicators
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building, or services for a lifeline infrastructure system, demands a community context and

occurs as part of the community resilience planning process.

In contrast with community resilience, functional recovery refers to the
performance of a distinct piece of the built environment, such as an
individual building or lifeline infrastructure system (NIBS, 2019b), and time
to recovery of function for buildings and lifeline infrastructure systems is a
means of defining performance that contributes to community resilience.
The concept of functional recovery is intended to allow for the design of
individual buildings and lifeline infrastructure systems in a manner that
serves community resilience goals, but depends less on resilience planning
and implementation activities at the community scale, and instead relies on
building codes for individual buildings and industry standards for lifeline
infrastructure systems. The interdependency of different buildings and
lifeline infrastructure systems on the damage state of others would have to be
addressed at the community level.

Not all community services, buildings, or lifeline infrastructure systems are

The concept of
functional recovery is
intended to allow for
the design of individual
buildings and lifeline
infrastructure systems
in a manner that
serves community
resilience goals, but
depends less on
resilience planning
and implementation
activities at the
community scale.

needed in the immediate aftermath of an event, implying different functional levels at which
buildings and lifeline infrastructure systems can be expected to perform. Time to recovery of
function can be considered in terms of three recovery phases: short-term, intermediate, and long-
term, as defined in the FEMA National Disaster Recovery Framework (FEMA, 2016).

Recent sources have attempted to define functional recovery in an engineering context
(Bonowitz, 2011; Arup, 2013) and a resilience context (Davis, 2019; EERI, 2019). In the case of
buildings, functional recovery is one of three post-earthquake recovery milestones beyond basic
safety, which include reoccupancy, functional recovery, and full recovery (Bonowitz, 2011):

e Reoccupancy is the ability to safely re-enter a building after evacuation, including the ability
to safely occupy the building while clean-up or repairs are made. Building services are not
necessarily functional, except those services required for legal occupancy and needed for

safety.

e Functional recovery is a step beyond reoccupancy, which includes safe occupancy, and
includes restoration of building components and services to support a significant measure of

pre-earthquake functionality.

e Full recovery is restoration to the pre-earthquake safety and functionality of the building.

In the case of lifeline infrastructure systems, functional recovery is one of two recovery

milestones, which include operability and functionality (Davis, 2019):

e Operability is the ability of an infrastructure system to provide near-normal services to a
customer, sufficient for supporting a significant measure of pre-earthquake functionality (i.e.,

functional recovery).

e Functionality is a measure of an infrastructure system working normally to provide its
regular and reliable pre-earthquake services. Full functionality (i.e., full recovery) is

achieved when the entire system is functioning at this level.
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The ultimate goal of community resilience is to fully recover within a reasonable period of time.
1.6.1 Reoccupancy Defined
In the context of this report, reoccupancy is a performance state for buildings, defined as follows:

Reoccupancy is a post-earthquake performance state in which a building is maintained, or
restored, to allow safe re-entry for the purposes of providing shelter or protecting building
contents.

In simpler terms, reoccupancy means a building, having gone through an earthquake, is safe to
enter and use for shelter, although it might not be ready to support basic functions or normal use.
Using concepts from performance-based engineering, design for reoccupancy would involve the
selection of a reoccupancy objective, defined as follows:

A reoccupancy objective is reoccupancy achieved within an acceptable time following a
specified earthquake, where the acceptable time might differ for various building uses and
occupancies.

1.6.2 Functional Recovery Defined

In the context of this report, functional recovery is a performance state for buildings and lifeline
infrastructure systems, defined as follows:

Functional recovery is a post-earthquake performance state in which a building or lifeline
infrastructure system is maintained, or restored, to safely and adequately support the basic
intended functions associated with the pre-earthquake use or occupancy of a building, or the
pre-earthquake service level of a lifeline infrastructure system.

Basic intended functions are less than full pre-earthquake functionality, but more than what
would be considered the minimum sufficient for reoccupancy of buildings, or for temporary
provision of lifeline services. In simpler terms, functional recovery for a building means it is
ready to support most of its pre-earthquake uses in addition to reoccupancy, and for a lifeline
infrastructure system means it is ready to provide near-normal basic services, although the
system may not be as reliable or resistant to service interruptions. This means a house is ready to
not only provide shelter but also meet basic safety codes and is ready to be legally lived in while
repair and cleanup are taking place; a school is ready to hold classes but the auditorium might be
closed; a restaurant is ready to take customers but might have reduced seating capacity; and an
office building or factory is ready to get back to business but might have reduced production
capacity. Similarly, for lifeline infrastructure systems, functional recovery means a water system
is delivering near-normal water supplies to its pre-earthquake customers, a power grid is
delivering electricity at near-normal capacity, and a bridge or street grid is ready to carry near-
normal traffic, but systems may be in a more vulnerable state and may need additional repairs to
reach full functionality.

Using concepts from performance-based engineering, design for functional recovery would
involve the selection of a functional recovery objective, defined as follows:
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A functional recovery objective is functional recovery achieved within an acceptable time
following a specified earthquake, where the acceptable time might differ for various building

uses and occupancies, or lifeline services.

Although the determination of basic intended functions is informed by a
community context and considers dependencies between multiple aspects of
the built environment, a functional recovery objective is applied at the
individual building or lifeline infrastructure system level, and functional
recovery is achieved through the design of individual buildings and lifeline
infrastructure systems. Design for functional recovery should be coordinated
between buildings and lifeline infrastructure systems, but functional recovery
objectives are applied independently to each element (i.e., each building or
lifeline infrastructure system) because they are planned, financed, and
constructed by different owners at different times.

Functional recovery
will be achieved
through the design of
individual buildings
and lifeline
infrastructure systems
to support community
resilience.

This means that the design of a building should be informed by the expected performance of
lifeline infrastructure systems, but not controlled by it, and the design of an individual lifeline
infrastructure system will be informed by the performance of interdependent systems and
buildings, but not controlled by them. For example, the design of a building structural system
would not be affected by the potential loss of the electrical power distribution system, but a
decision to provide on-site emergency power generation would be informed by it. Similarly, the
design of a critical pump station for water or liquid fuel distribution would be independent of the
performance of the electrical power distribution system, but the potential loss of power would
inform a decision to provide a back-up generator with sufficient volume of stored fuel to

maintain basic functions for a defined period of time.
1.6.3 Description of a Target Recovery-Based Performance State

Reoccupancy and functional recovery objectives are collectively referred to
as recovery-based objectives. Overall performance resulting from design of
buildings and lifeline infrastructure systems for recovery-based objectives is
the result of meeting a target performance state at a community scale.

Design for recovery-based objectives can lead to a target performance state
in which communities across the nation are more resilient to natural hazards,
with an acceptable level of disruption to lives and property. By designing
and retrofitting buildings and lifeline infrastructure systems to meet
recovery-based objectives, communities will have an increased likelihood of
timely access to functions and services that are key to their sustained health,
security, vitality, and identity.

A target recovery-based performance state is achieved at the community
level when:

Reoccupancy and
functional recovery
objectives are
collectively referred to
as recovery-based
objectives.

Design for recovery-
based objectives can
lead to a target
performance state in
which communities are
more resilient to
natural hazards.

e Under normal operating conditions (i.e., absent the occurrence of an earthquake), buildings
and lifeline infrastructure systems are designed, built, operated, retrofitted, and maintained to

provide intended functions and services to users.
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e Following an earthquake, buildings and lifeline infrastructure systems are able, or can be
restored, to provide basic intended functions and services to users within acceptable recovery

times, such as within days or weeks instead of months or possibly years.

e Acceptable recovery times vary by use, occupancy, and criticality of function or service. Not
all functions and services are needed immediately, nor are all functions and services needed
at the same time along a recovery timeline. Factors specific to the community (e.g.,
environmental conditions and socioeconomic considerations) may affect decisions on

acceptable recovery times for certain functions or services.

e Community members recognize and accept that damage cannot be fully prevented in all
earthquakes, and some loss of service is likely to occur, even after implementing recovery-
based objectives and strategies. Furthermore, community members expect and plan for
reasonable variation in actual recovery times relative to target recovery times due to inherent
uncertainty and variability in the nature of the earthquake hazard and the current state of a

building or lifeline infrastructure system.

e Communities are adaptable, are prepared for some loss of function in a large earthquake, and
are able to temporarily utilize alternative sources for functions and services over a limited
period of time following the event (e.g., temporary reconfiguration of space in undamaged
buildings to replace functions lost in damaged buildings; temporary use of bottled water

while tap water is unavailable).

e Communities continue working toward a return to full functionality (i.e., continue with
ongoing repairs) after achieving reoccupancy and functional recovery performance states.

1.7  Advancement in Design Capabilities

The design and construction of buildings is regulated by building codes and
standards that are developed in the private sector and adopted at the state,
local, tribal, and territorial (SLTT) government levels. Recognizing that
earthquakes are inevitable, and that catastrophic life loss associated with
these events is unacceptable to the public, a group of professionals — code
officials, design professionals, construction industry representatives, and
other code users — have worked within the codes and standards development
processes to implement modern building codes that include life-safety
protection against the effects of earthquakes.

Although lifeline infrastructure systems have numerous regulations and
regulators, there is no single authority governing design and construction
across all lifeline infrastructure systems, and regulations can differ for
publicly and privately owned systems. Whether designing buildings or
lifeline infrastructure systems, current design objectives are primarily
intended to protect occupant safety, and current design practice is not
explicitly focused on avoiding economic loss, assuring rapid post-earthquake

The design and
construction of
buildings is regulated
by building codes and
standards that are
developed in the
private sector and
adopted at the state
and local levels.

There is no single
authority governing
design and
construction across all
lifeline infrastructure
systems.

recovery, or maintaining the availability of lifeline services in the event of an earthquake.

The evolution of seismic building codes and standards has been fueled by the development of
design guidance under the National Earthquake Hazards Reduction Program. Decades of
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research and problem-focused study have resulted in many federal publications that have served
to advance hazard mitigation and improve resilience. Relevant FEMA publications can be found
at https://www.fema.gov/earthquake-publications, and NIST and other NEHRP partner
publications can be found at https://nehrp.gov/library/index.htm.

An important advancement has been the advent of performance-based design, which is designing
to achieve a specified performance outcome. Engineers recognize that building performance can
range anywhere from collapse to fully functional, and that performance-based design can be used
to adjust designs to meet desired performance goals. The theoretical range of building
performance is illustrated in Figure 1-2. In the figure, recovery-based goals are placed relative to
safety-based goals, and functional recovery is depicted as a performance state that is more than
reoccupancy, but less than full functionality.

HHEHHH

Collapse Safety Reoccupancy Functional Recovery Full Functionality

Figure 1-2  Theoretical range of building performance and relative placement of safety-
based and recovery-based goals (courtesy of R. Hamburger).

Recent guidance, such as the Community Resilience Planning Guide for Buildings and
Infrastructure Systems (NIST, 2016a), FEMA P-58 Seismic Performance Assessment of
Buildings, Methodology and Implementation (FEMA, 2018a), Disaster Resilience: A National
Imperative (NRC, 2011), Safe Enough to Stay (SPUR, 2012), and the Oregon Resilience Plan:
Reducing Risk and Improving Recovery for the Next Cascadia Earthquake and Tsunami
(OSSPAC, 2013) have advanced practice to the point that explicit design for reoccupancy and
functional recovery can be considered. Wide adoption of these practices will require further
changes in building codes and building practices, and a shift in societal expectations of
performance.

Current codes and standards, and recently developed guidelines, offer some criteria that can be
used to achieve certain aspects of reoccupancy and functional recovery. There will, however,
need to be a shift from basic safety-based considerations to recovery-based considerations that
are focused on identification of necessary functions and services, estimation of damage, and
consideration of potential economic losses while providing for the basic safety of occupants and
users. At present, there is no national consensus standard that defines what services must be in
place or what strength, stiffness, or capacity a component must have in order for a building or
lifeline infrastructure system to be functionally recoverable within a certain time (NIBS, 2019b).

Developing new recovery-based design criteria will involve choosing a desired performance goal
and identifying an appropriate earthquake and associated earthquake effects upon which to base
the design. Engineers and seismologists quantify earthquakes using the term hazard level, which
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implies earthquakes, and earthquake effects, of different size and severity. There are many ways
that the relative size of earthquakes is quantified, including magnitude, intensity, probability, and
frequency of occurrence. In general, the larger the earthquake, the rarer it is, the more severe the
effects are, and the harder it is to achieve an acceptable level of performance.

Earthquake effects include ground shaking, permanent ground displacement (including surface
faulting, landslides, liquefaction, lateral spreading, and subsidence), as well as tsunamis and
seiches. Ground shaking causes most damage to building structures, but permanent ground
displacement also causes significant damage, and is especially damaging for lifeline
infrastructure systems. Figure 1-3 illustrates the concept of different size earthquakes in terms of
the intensity of ground shaking, as observed in recordings from actual events of different
magnitude. As the earthquake magnitude increases, the relative amplitude and duration of
shaking increases, as well as the potential for widespread damage. Magnitude scales are
logarithmic, meaning that a magnitude 6 earthquake has ten times the measured amplitude and
32 times the energy released as compared to a magnitude 5 earthquake?.
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Figure 1-3  Illustration of different size earthquakes in terms of the relative intensity of
ground shaking, as observed in different earthquake recordings (Nevada
Bureau of Mines and Geology, 2010).

The hazard level used in current national model building codes and standards has been selected
so that the intensity of shaking will produce designs with a low risk of collapse over a 50-year
timeframe. The expectation is to avoid widespread building collapse and life loss in rare, but
foreseeable earthquakes having return periods on the order of a few thousand years, and to

3 https://www.usgs.gov/natural-hazards/earthquake-hazards/science/earthquake-magnitude-energy-release-and-
shaking-intensity?qt-science_center _objects=0#qt-science center objects
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protect life safety in smaller earthquakes having return periods on the order of a few hundred
years.

Although earthquake return periods might seem long, areas with seismic risk —
must be prepared when, rather than if, a large earthquake occurs. It is The determination and
necessary to select a hazard level for recovery-based objectives that will Se'e‘?“o!’ of
result in an appropriate level of risk over a defined period of time for the EPAEIREIE (BT
. . . . times and hazard

local area under consideration. This would involve trade-offs between

i ers . . . levels for recovery-
feasibility of construction, higher up-front costs, the time between based objectives is a
earthquake events, the probability (risk) of damage and loss, and the benefits key recommendation

associated with reduced operation and maintenance costs, and future losses in this report.

avoided. The determination and selection of appropriate recovery times and
hazard levels for recovery-based objectives is a key recommendation in this report.

1.8 Costs and Benefits

Designing and constructing to higher performance standards can cost more for some buildings
and lifeline infrastructure systems, but can bring positive return on investment over a period of
many years, during which a large earthquake is likely to occur. As noted in the recent Natural
Hazard Mitigation Saves: 2019 Report (NIBS, 2019a), prepared by the National Institute of
Building Sciences and funded in part by FEMA:

“Not everyone is willing or able to bear the up-front construction costs for more resilient
buildings, even if the long-term benefits exceed the up-front costs. Different stakeholders
enjoy different parts of the costs and benefits, and the people who bear more of the costs may
argue more urgently against mitigation than the people who enjoy more of the benefits.
However, one set of stakeholders may be able to offer incentives to others to decrease the
cost or increase the benefit, and better align the competing interests of different groups.”

Owners, engineers, code officials, developers, and builders tend to focus more heavily on initial
construction costs, while neglecting future ownership costs. They might also question how
increased incremental costs will be managed, and whether incremental costs can be passed along
to tenants, customers, and other users. A focus on initial costs, without consideration of lifecycle
costs, could bias the perception of relative costs and benefits.

1.8.1 Costs of Action

Where current code requirements already satisfy selected recovery-based objectives, design and
construction for new buildings will cost the same relative to current practice. In other cases,
recovery-based objectives will require enhanced seismic design, which would be expected to
cost more relative to current practice. Higher performance objectives typically require more
stringent design criteria, which, in turn, can imply use of larger quantities or higher-performing
materials, and increased effort during construction, resulting in higher initial construction costs.
The specific cost premiums associated with designing new buildings and lifeline infrastructure
systems for recovery-based objectives, however, will depend on the selected recovery times and
hazard levels.
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Detailed evaluation of cost impacts is necessary, but beyond the scope of this _
report. Prior studies are available that can be used to help identify the order Studies show that
of magnitude potential cost increases associated with enhanced seismic const.ructlon COSF -
design (i.e., design beyond current code requirements) in new construction. premiums associate
. . . with seismic design

A cost analysis and benefit study for earthquake-resistant construction in
M his. T d dby NIST in 2013. Thi d are small overall, and

emphis, Tennessee was conducted by in . This study e e TS
considered six reference building types and occupancies, including a three- (or less).

story apartment, four-story office, one-story retail, one-story warehouse, six-

story hospital, and two-story elementary school. The study evaluated

relative increases in construction cost for two cases: (1) changing from wind design to seismic
design; and (2) changing from older regional seismic design codes to the 2012 edition of the
International Building Code (ICC, 2012). The report concluded that construction cost premiums
were small overall, and the cost premium associated with implementing seismic design over
wind design was 3% (or less), and the cost premium associated with implementing enhanced
seismic design was an additional 1% (or less) (NIST, 2013).

A second study consisting of two school projects in Beaverton, Oregon (Yu et al., 2015),
included new high school and middle school buildings designed using enhanced seismic
requirements to allow for reoccupancy (as a shelter) within 72 hours and return to function (as a
school) within 30 days. The study indicated a cost premium of less than 2% over costs
associated with typical seismic design requirements for new school buildings.

The cost premiums reported in these studies are in general alignment with estimated increases in
new construction costs commonly understood and expected by seismic design professionals.
However, experience in the code development process has shown significant opposition to code
change proposals that include even modest increases in initial construction cost. Moving toward
recovery-based objectives will require a strong case for benefits relative to initial costs or total
lifecycle costs.

Construction cost premiums associated with enhanced seismic retrofit of Designing retrofits for
existing buildings and lifeline infrastructure systems can be substantially higher performance
higher than incremental costs for incorporating enhanced seismic design in objectives could result
new construction. Designing retrofits for higher performance objectives in construction cost
could result in construction cost premiums that are an order of magnitude premiums that are an
higher than cost premiums for new construction. Specific cost premiums order of magnitude
associated with retrofit of existing buildings and lifeline infrastructure higher than cost
systems will depend on how the selected recovery times and hazard levels premiums for new
compare to the performance provided by current seismic retrofit criteria. celieler.

1.8.2 Benefits of Action

Although most benefits are not realized until an earthquake occurs, many different stakeholder
groups have the potential to benefit from investment in design for recovery-based objectives.
These include owners, developers, and tenants in buildings, and owners, operators, and
customers of lifeline infrastructure systems, who benefit from an increased likelihood of
remaining in their buildings and returning to normal life routines. They also include federal,
state, local, tribal, and territorial governments that benefit from lower costs associated with
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response and recovery in the aftermath of an earthquake. For lifeline infrastructure systems,
investment in mitigation and enhanced seismic design can result in greatly improved reliability
of services under normal operating loads. This is a large benefit that is realized under normal

operating conditions.

Benefits can be measured as a reduction in future earthquake losses,
particularly losses associated with prolonged downtime and delayed
recovery. These include effects of disruption to housing, business, industry,
education, and government services. Investment in mitigation before an
earthquake also makes available a significant share of the resources that
would be spent on things like insurance claims and administrative fees after
an earthquake (NIBS, 2019a). Plans for improvement of the built
environment should consider detailed evaluation of the economic impacts
associated with potential increased initial investment versus benefits in terms
of future losses avoided.

Designing for recovery-based objectives can encompass non-disaster related

Plans for improvement
of the built
environment should
consider evaluation of
the economic impacts
associated with
potentially increased
initial investment
versus benefits in
terms of future losses
avoided.

co-benefits (i.e., resilience dividends), which occur outside of hazard events (Fung and
Helgeson, 2017). Buildings and lifeline infrastructure systems that are designed to meet
functional recovery objectives may increase efficiency during typical operation. An example of
a direct non-hazard-related benefit would be an infrastructure improvement that reduces current
operation and maintenance costs. The NIST Economic Decision Guide Software (EDGe$) Tool
(Helgeson, 2020) allows for consideration of co-benefits in a benefit-cost analysis framework
that is applicable to functional recovery, although originally designed for valuation of

community resilience projects.

Detailed evaluation of benefits is necessary, but beyond the scope of this report. Prior studies are
available that can be used to help identify the order of magnitude potential benefits associated
with enhanced seismic design. The Natural Hazard Mitigation Saves: 2019 Report (NIBS,
2019a) suggests that dollars spent on mitigating the effects of earthquakes yield positive benefit-

cost ratios for every mitigation strategy studied:

e Adopting and implementing provisions in recent model building codes, such as the 2018
International Building Code (ICC, 2018a) and the 2018 International Residential Code (ICC,
2018c), was projected to save approximately $12 per $1 spent, relative to older provisions
contained in 1990s-era model codes. This suggests that ongoing advances in seismic codes

and standards are effective at reducing losses in future earthquakes.

e Designing in excess of selected provisions of the 2015 International Building Code (1CC,
2015a) and the 2015 International Residential Code (ICC, 2015c¢) was projected to save
approximately $4 for every $1 spent. This suggests that enhanced seismic design can further

reduce losses in future earthquakes.

e Private-sector building retrofits, specifically retrofits to soft-story wood-frame multifamily
dwellings, were projected to save approximately $12 per $1 spent. This suggests that
targeted retrofits of vulnerable classes of existing buildings can be highly effective at

reducing losses in future earthquakes.
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e Mitigating a select number of utilities and transportation infrastructure systems was found to
save approximately $3 for every $1 spent. This suggests that investment in lifeline
infrastructure system enhancements will yield positive results.

e Funding mitigation grants through select federal agencies was found to save $3 for every $1
spent on grants. This suggests that facilitating investment in mitigation through federal grant

programs is effective at reducing losses in future earthquakes.
A recovery-based

The concept of functional recovery and recovery-based design is applicable approach for

to various natural hazards. However, developing recovery-based design earthquake hazards
criteria for various hazards would require addressing unique challenges could be leveraged
associated with each hazard. Investing in a recovery-based approach for and adapted to other

hazards and provide a
key stepping stone for
achieving multi-hazard
community resilience.

addressing earthquake hazards could be leveraged and adapted to recovery-
based approaches for other natural hazards. This effort could ultimately help
in moving toward multi-hazard community resilience.
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Chapter 2

Framework for Reoccupancy and
Functional Recovery

Improving the performance of the built environment depends on the development of a
framework for post-earthquake reoccupancy and functional recovery. Such a framework would
address policy decisions identifying acceptable reoccupancy and functional recovery times for
different building functions and lifeline services. It would also address technical criteria
including design requirements and hazard levels for design, retrofit, and maintenance of
buildings and lifeline infrastructure systems.

ECOMMENDATION 1: Develop a Framework for Post-Earthquake Reoccupancy and
Functional Recovery Objectives

A framework for reoccupancy and functional recovery is needed to provide a national consensus
that defines what services must be in place and the necessary design requirements for a building
or lifeline infrastructure system to be occupiable or functionally recoverable within a specified
timeframe after an earthquake. In the long term, a national perspective will bring the consistency
needed for reference by national disaster assistance policies to be followed by SLTT
governments, while still allowing for local customization and enhancement. In the short term,
SLTT jurisdictions should be encouraged to develop their own frameworks until such a national
framework becomes available. A consensus process is needed to determine what functions are
critical for the recovery of a community within what timeframe, how to prioritize the investment
of construction resources on buildings and lifeline infrastructure systems, and how to cost
effectively design and construct them to achieve functional recovery. Additional study is needed
to determine more precisely the recovery performance provided by current design practices and
to develop new design criteria for buildings and lifeline infrastructure systems to achieve
recovery-based objectives.

The need for a national framework is particularly urgent for lifeline infrastructure systems
because there is no single authority governing design and construction across all lifeline
infrastructure systems. In addition, different groups continue to work to improve lifeline
recovery times at the system and community levels. Performance goals are being developed for
different lifeline infrastructure systems in disparate ways, which could yield inconsistent, and
possibly inefficient, approaches for achieving recovery-based objectives in the long term.

In the case of buildings, there are codes and standards that can be expanded beyond safety-based
objectives to address recovery-based objectives. Although some industry groups have started
independently investigating recovery-based policies and design considerations for buildings, a
coordinated national effort will eventually be needed to achieve the consistency and
effectiveness necessary for adoption into a national model building code.
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The resulting framework should be coordinated between buildings and lifeline infrastructure
systems to target a common set of desired reoccupancy and functional recovery times at
commonly designated earthquake hazard levels. Ideally, the NEHRP agencies would lead this
effort while engaging appropriate experts from the professional community and a broad cross-
section of public stakeholders. Implementation of this recommendation requires the completion
of the following tasks, all of which are essential to a framework for post-earthquake reoccupancy
and functional recovery objectives.

Task 1.1: Develop a Policy for Recovery-Based Objectives

A national, consensus-based policy for recovery-based objectives is needed to identify key
functions, basic services, and target recovery times for achieving reoccupancy and functional
recovery. Recovery-based policies involve assignment of target recovery times to building
functions and maximum target service losses and recovery times to lifeline services that are
based on societal and other needs following an earthquake. Recovery-based policies would be in
addition to applicable safety-based design and construction regulations in currently available
codes, standards, and other design criteria.

Not all community services, buildings, or lifeline infrastructure systems are needed immediately
after an earthquake, and time to recovery of function can be considered in terms of short-term,
intermediate, and long-term recovery phases. Policy decisions would be based on the
identification of basic intended building functions and lifeline services, and the timeframe for
which these functions and services are needed during response and recovery. Ultimately, a
national perspective is needed to establish minimum standards that SLTT governments can
adopt. Because reoccupancy and functional recovery needs might vary due to specific local
social, economic, geographic, environmental, or other conditions within a community,
jurisdictions should be encouraged to develop their own policies to supplement or enhance a
national policy, if needed.

To codify policy decisions, target reoccupancy and functional recovery times for buildings and
lifeline infrastructure systems could be associated with categories, termed recovery categories.
Recovery categories could be used to identify priorities for functions and services following an
earthquake, in a manner that is similar to the concept of Risk Categories and how they are used
in current building codes. In concept, a function or service would be assigned to a certain
recovery category based on an acceptable recovery time (for buildings) or maximum target
service loss and recovery time (for lifeline infrastructure systems), for selected earthquake
hazard levels. This assignment would be used to set design criteria for the building or lifeline
infrastructure system providing the function or service. The concept of recovery categories is
further developed in Appendix B.1.

Policy decisions should be based on the interests of the community at large, and the best possible
outcome for the largest number of people, rather than the interests of an individual person or
business enterprise. Recovery times and target service losses should be assigned in a manner
that will support community-wide goals for reoccupancy and functional recovery, to ensure
public health, welfare, and safety at the overall community level. Although policies establishing
minimum recovery-based objectives should be determined by community interests, individual
building owners or lifeline infrastructure system owners and operators would not be precluded
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from exceeding these policies and self-selecting higher objectives if shorter recovery times are
desired based on individual needs and interests.

Determination of target recovery times and target service losses for buildings and lifeline
infrastructure systems should be based on studies considering input and perspectives from
stakeholders spanning all sectors of the public. Studies should also consider, or address, the
following:

e Review of scenario and other vulnerability studies that evaluate the performance of existing
buildings and lifeline infrastructure systems to identify current deficiencies and challenges
associated with meeting target recovery times.

e Conduct of benefit-cost analyses, including direct and indirect benefits and costs, considering
proposed target recovery times and selected earthquake hazard levels.

e Possible alternative approaches for minimizing total cost of ownership (NIBS, 2019a).

e Identification and fair representation of the major interests of all stakeholders, including
consideration of public preferences within a given community (NIST, 2016a), and whole-
community, partial-community, and individual perspectives as a basis for decision-making.

e Possible economic inefficiencies, unintended consequences, and social inequities (Helgeson,
2020).

e Integration with current regulatory environments, applicable laws and statutes, as well as
business practices.

Implementation of recovery-based policies developed under this task would require the design
criteria developed under Task 1.2, based on the hazard levels selected under Task 1.3.

Task 1.2: Develop Design Criteria for Achieving Recovery-Based Objectives

Design criteria for recovery-based objectives are needed to define the required strength, stiffness,
or capacity needed for a building or lifeline infrastructure system to be deemed occupiable or
functionally recoverable within a certain timeframe after an earthquake. Although governed by
different authorities, consistent criteria must be established between buildings and lifeline
infrastructure systems. Design criteria developed under this task should be set so that buildings
and lifeline infrastructure systems would achieve policy goals for target recovery times identified
under Task 1.1, considering one or more hazard levels selected under Task 1.3.

For new and existing buildings, this could include the development of: (1) new recovery-based
provisions for design of new buildings and seismic retrofit of existing buildings in future editions
of national model code and reference standards (long-term implementation); or (2) interim
provisions for recovery-based design of buildings within the framework of currently available
codes and standards (near-term implementation). Criteria should consider structural systems,
nonstructural systems and components, contents, and back-up utility systems. Such criteria
would likely take a form that is similar to the prescriptive approach in current codes and
standards, but would implement different design values and additional requirements that address
factors inhibiting reoccupancy or functional recovery. Criteria could also contemplate, but not
necessarily require, innovative approaches to structural design, such as performance-based
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design approaches that explicitly evaluate both safety and recovery, the use of seismic protective
systems including seismic isolation or energy dissipation systems that minimize damage, or the
use of systems and components that are more easily and quickly repaired.

For lifeline infrastructure systems, criteria should consider system-level and component-level
performance. Components are the interconnected pieces that make up a lifeline infrastructure
system. There are many different types of specialized lifeline infrastructure system components
that comprise a system, including buildings or building-like structures. The aggregated
performance of all components determines the overall system performance. Therefore, each
component, group of components, or subsystem must have criteria that are consistent with
overall system performance objectives. System-level and component-level performance should
be identified using a consistent set of metrics and evaluation methods for quantifying
performance. Because each system has dependencies and interdependencies with other systems,
consistent criteria are also needed at the system-level to ensure a consistent outcome across all
lifeline infrastructure systems.

Lifeline infrastructure system criteria could also contemplate alternative methods of compliance,
such as having an adequate supply of replacement components ready for immediate repair
following an earthquake, when designing such components to limit damage might not be
feasible. Because not all community functions and services are needed immediately after an
earthquake, there is flexibility in the selection of recovery times and recovery categories. This
allows lifeline infrastructure system owners and operators to implement new and innovative
ways to reliably meet user needs following an earthquake (e.g., Liu et al, 2016; Davis, 2018).

A key step in developing new design criteria is understanding the performance capability
provided by current design criteria. Additional, more detailed studies are needed to know if
current design criteria can satisfy some recovery-based objectives for buildings and lifeline
infrastructure systems, and to determine if additional criteria are needed to achieve higher
performance objectives. Until new design criteria become available, interim recovery-based
criteria could involve modifications to current seismic design provisions related to strength and
ductility requirements, building drift limits, and bracing and deformation compatibility
requirements for nonstructural components, as needed to improve potential recovery times.

Appendix B.2 provides descriptions of the type and extent of structural and nonstructural damage
in buildings and lifeline infrastructure systems that have typically been associated with certain
functional recovery times.

Task 1.3: Determine Appropriate Hazard Levels for Recovery-Based Objectives

Selection of appropriate earthquake hazard levels for recovery-based objectives is a tradeoff
between the economic resources one is willing to invest up front, in terms of initial capital costs,
the resilience dividend, the potential for future damage, the acceptability of the consequences of
that damage, and the benefits associated with future losses avoided. Under this task, studies of
the costs and benefits associated with earthquakes having different hazard levels, the desired
level of protection for recovery, and the scale at which that protection is desired (nation, region,
community, or individual) would need to be conducted to inform the selection of appropriate
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hazard levels. Selection of appropriate hazard levels would be based on policy goals for target
recovery times identified under Task 1.1 and design criteria developed under Task 1.2.

Earthquake hazards include ground shaking and associated earthquake effects, such as surface
faulting, landslides, liquefaction, lateral spreading, and subsidence, as well as tsunamis, and
seiches (USGS, 2020). Hazard level generally refers to the size or magnitude of the earthquake
and its associated effects, often measured in terms of intensity of ground shaking, amount of
surface faulting or ground deformation, and likelihood of triggering related threats. Because
different earthquake hazard phenomena will impact buildings and lifeline infrastructure systems
differently, it is possible that hazard levels selected for design of lifeline infrastructure systems
might be different from hazard levels selected for design and retrofit of buildings. Furthermore,
as some earthquake effects might occur disproportionately at lower or higher hazard levels,
acceptable performance might not be adequately addressed at a single hazard level, and it might
be necessary to select multiple hazard levels for design. Ultimately, the selection of hazard
level(s) for buildings and lifeline infrastructure systems should be coordinated so that overall
recovery-based objectives are consistently met.

Selection of hazard levels will also need to consider whether risk is to be measured at the
national, state, community, or individual owner level. Because seismic hazards in different
regions of the country (e.g., Los Angeles, San Francisco, Seattle, and Memphis) are generally
independent, and because there are many seismically independent regions, even if a design
earthquake with relatively low probability of exceedance (e.g., 10%) is selected as the basis of
design, there is a significantly larger probability that at least one community in the United States
will experience shaking at this level within an assumed timeframe (e.g., 50 years). If, for
example, the goal is to provide the United States with a suitably low probability that any
community will experience a disaster due to an earthquake within a specified timeframe, it is
necessary to choose a hazard level based on an acceptable level of risk that a community will
experience such a disaster.

Whatever hazard level is chosen, a different level of protection will be provided depending on
the perspective being taken (e.g., national, state, community, or individual owner level).
Therefore, selection of a design hazard level and a desired level of protection will require
consideration of multiple perspectives, and will involve a tradeoff between initial construction
costs and the magnitude of losses that the United States, a given state, a specific community, or
an individual owner is willing to accept from earthquake shaking and other earthquake effects
that might exceed the design hazard level. To make such a decision, it is necessary to conduct
probabilistic studies of the costs and benefits of alternative hazard levels and desired levels of
protection.

A risk-based approach, consistent with how seismic hazard is characterized in current building
codes and standards, may be an appropriate way to characterize hazard for recovery-based
objectives. Alternatively, in regions with a well-defined risk on a known fault, the use of
scenario events, defined as actual historic earthquakes that have significantly impacted a region
or possible future earthquakes on a nearby fault, might be more appropriate.
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Chapter 3

Improve the Performance of
Buildings

In most of the United States, new buildings are regulated with state or locally adopted versions
of a national model code, usually the International Building Code (IBC) (ICC, 2018a), or for
one- and two-family dwellings, the International Residential Code (IRC) (ICC, 2018c). Existing
buildings are regulated with a state or locally adopted version of a model existing building code,
such as the International Existing Building Code (IEBC) (ICC, 2018Db).

Building codes and standards are updated every 3 to 5 years, and significant changes to design
requirements can occur in each update. Model codes are developed through national, open,
inclusive, and balanced consensus processes that consider interests from code officials, design
professionals, construction industry representatives, and other stakeholders. These processes are
implemented by private sector organizations, such as the International Code Council (ICC),
which leaves the final determination of code provisions in the hands of public safety officials
who represent the public interest. Federal agencies participate in these processes, playing a
critical role supporting the development of national model building codes and serving as a
resource supporting local and statewide adoption of the codes. They operate within the same
guidelines that apply to all participants, in accordance with constitutional limitations on
government powers.

Except in special cases, buildings in the United States are designed and constructed to meet
safety-based objectives such that they have a low probability of collapsing, or causing conditions
potentially harmful to public health, in the event of an earthquake. Modern codes and standards
(e.g., ASCE, 2016) have advanced to the point that they are now expected to provide reasonable
levels of life-safety protection against the effects of earthquakes. However, because recovery-
based objectives are not explicitly considered in current building codes, many new and existing
buildings could be non-occupiable and unusable for extended periods following a major
earthquake, significantly challenging the ability of a community to recover within a reasonable
timeframe.

The IEBC uses “triggers” to specify when intended work on existing buildings, such as an
addition, alteration, repair, change of occupancy, or relocation, must include a seismic retrofit to
improve performance in an earthquake. However, few conditions require existing buildings to
be brought into compliance with current building codes, and few existing buildings are
voluntarily retrofitted to meet current design criteria. In practice, seismic retrofits are rarely
triggered, as projects are often intentionally reduced in scope to avoid the triggers. Dwellings
and townhouses are generally exempt from seismic retrofits because they are usually constructed
in accordance with the IRC, which does not have triggers. As a result, most existing buildings
across the United States are older structures designed to earlier versions of codes and standards
that are known to lack the level of safety protection provided by modern design requirements,
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leaving some at risk of collapse, and many at risk of being unoccupiable or unusable following a
major earthquake.

The challenge is not limited to older existing buildings. Past earthquakes have shown that even
modern new buildings will be subject to damage and may not be suitable for occupancy or use
for many months after a major earthquake until structural and nonstructural damage has been
adequately repaired. To improve the performance of buildings in a major earthquake, a new
recovery-based approach for the design of new buildings and the retrofit of existing buildings is
needed.

}RECOMMENDATION 2: Design New Buildings to Meet Recovery-Based Objectives

Because current building codes do not specifically address recovery-based objectives and
resulting designs will yield inconsistent performance results, new buildings should be designed
for specific recovery-based objectives that will support reliable reoccupancy and acceptable
functional recovery times following a major earthquake. The development of a reoccupancy and
functional recovery framework under Recommendation 1, including the policy decisions under
Task 1.1, design criteria decisions under Task 1.2, and hazard level decisions under Task 1.3, are
needed for implementation of Recommendation 2.

The costs, benefits, and feasibility of designing new buildings to meet recovery-based objectives
can be managed through decisions addressing the following questions:

e  Which buildings should be designed for which reoccupancy and functional recovery
objectives?

e What building code provisions are needed to achieve certain reoccupancy or functional
recovery objectives?

e Should design of new buildings to meet reoccupancy and functional recovery objectives be
required or voluntary?

Which buildings should be designed for which reoccupancy and functional recovery
objectives?

Assignment of recovery-based objectives to new buildings will occur as part of the policies
developed under Task 1.1. In concept, buildings would be assigned to recovery categories with
recovery times based on the use, function, or service they provide. The distribution of building
types that are assigned to shorter or longer target recovery times will determine the scope and
impact of Recommendation 2, and will scale the costs, benefits, and feasibility of
implementation.

Because not all community functions and services are needed immediately after an earthquake,
there is flexibility in the recovery times assigned to each building use or function. Due to the
importance of this assignment in terms of costs and benefits, this assignment should be made in
the context of community needs, with appropriate economic benefit-cost analyses.

Federal agencies could lead by example, providing a model for development and implementation
of recovery-based objectives through adaptation of current policies for design and construction
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of new federally owned and leased buildings. This action is encouraged in Executive Order
13717, Establishing a Federal Earthquake Risk Management Standard (The White House,
2016), and commentary, technical background, and possible implementation options are
presented in NIST Technical Note 1922, ICSSC Recommended Practice (RP) 9: Implementation
Guidelines for Executive Order 13717 (NIST, 2017).

What building code provisions are needed to achieve certain reoccupancy or functional
recovery objectives?

Evaluation of the performance capability of current design criteria, and development of new
recovery-based criteria, will occur under Task 1.2, considering the hazard levels selected under
Task 1.3. In concept, new recovery-based provisions for design of new buildings will be
incorporated into future editions of national model code and reference standards, or interim
provisions for recovery-based design of new buildings will be adapted within the framework of
currently available codes and standards. Incorporating recovery-based provisions into a future
edition of a national model code is expected to be a long-term implementation task (i.e., on the
order of 10 years or more), likely involving the development of a design guideline, followed by
development of a national consensus standard, and finally adoption into a model building code.

Ultimately, it is the responsibility of SLTT jurisdictions to adopt and enforce a building code.
Jurisdictions with an interest or need to implement recovery-based objectives sooner than the
availability of a national standard or policy should be encouraged to develop interim provisions.
Interim provisions could be informed by progress being made under Recommendation 1,
selected provisions for enhanced seismic design available in current codes and standards,
consultation with local industry experts, or examples from federal agencies leading by example.

Current building codes and standards seek to provide enhanced performance for buildings
deemed to be more important or essential through classification by Risk Category, and higher
Risk Categories have higher design criteria that could be used to achieve certain recovery-based
objectives. In the current model code, facilities that provide essential services and support
community-wide safety are assigned to Risk Category IV, including hospitals, emergency
operations centers, fire stations, and other buildings supporting emergency response functions.
Risk Category IV design criteria are intended to effectively provide continuous operation
through, and after, earthquake shaking consistent with the design hazard level. Use of Risk
Category IV design criteria could be one interim solution for moving forward on functional
recovery, and extending these requirements to broader classes of buildings could substantially
increase the number of buildings that are able to recover more quickly in the near term.

Should design of new buildings to meet reoccupancy and functional recovery objectives be
required or voluntary?

SLTT jurisdictions will have three alternatives for implementing recovery-based objectives for
new buildings. These include the mandatory use of future national model code provisions,
mandatory use of interim code provisions, and voluntary use of incentives and other programs, as
discussed in Alternatives 2-1, 2-2, and 2-3, below. SLTT jurisdictions may consider various
factors including the effectiveness and eligibility for federal assistance in the aftermath of an
earthquake in adoption of voluntary or mandatory options. For example, federal disaster
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recovery funds and hazard mitigation grants require the use of the latest version of the
International Building Code or its equivalent. These issues are discussed further in
Recommendation 7 and Chapter 7.

Alternative 2-1: Mandate the Design of New Buildings to Meet Recovery-Based
Objectives Using Future National Model Code Provisions

Under Alternative 2-1, a jurisdiction would adopt a future version of a national model building
code that requires new buildings to be designed using criteria intended to meet specific recovery-
based objectives developed under Recommendation 1. Depending on how such provisions are
contained within the future model code, a jurisdiction may need to intentionally adopt recovery-
based provisions, particularly if they are contained within an optional appendix of the model
code.

Alternative 2-2: Mandate the Design of New Buildings to Meet Recovery-Based
Objectives Using Interim Provisions

Under Alternative 2-2, if a jurisdiction has an interest or need to implement recovery-based
provisions in the near-term, it could choose to adopt interim provisions as a local amendment to
the current edition of the model code. Interim provisions could be informed by progress being
made under Recommendation 1, selected provisions for enhanced seismic design available in
current codes and standards, consultation with local industry experts, or examples from federal
agencies leading by example. This alternative is intended to serve as an interim step until
recovery-based provisions are included in a future edition of a national model code and are
adopted by the jurisdiction.

Alternative 2-3: Encourage the Voluntary Design of New Buildings to Meet
Recovery-Based Objectives

Under Alternative 2-3, a jurisdiction would implement policies or programs to encourage the
voluntary design of buildings to recovery-based objectives based on future model code
provisions or interim provisions. In a voluntary context, all technical aspects of recovery-based
objectives would be necessary, except these objectives would not be a mandatory part of the
local building code.

Financial or other incentives are often necessary to encourage participation, and additional
discussion of financial resources is provided under Recommendation 7. Voluntary programs
have the benefit of lower thresholds for acceptance and greater political feasibility. However,
experience shows that voluntary programs are generally less effective than mandatory programs
because they lack a critical mass of participation needed to make meaningful progress towards
community resilience.

PIECOMMENDATION 3: Retrofit Existing Buildings to Meet Recovery-Based Objectives

To address known vulnerabilities in the existing building inventory, existing buildings should be
retrofitted to meet recovery-based objectives that will support reliable reoccupancy and
acceptable functional recovery times following a major earthquake. The development of a
reoccupancy and functional recovery framework under Recommendation 1, including the policy
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decisions under Task 1.1, design criteria decisions under Task 1.2, and hazard level decisions
under Task 1.3, are needed for implementation of Recommendation 3.

At a minimum, safety-based retrofit programs should continue, but the expected reoccupancy
and functional recovery times achieved by that work should be evaluated and explicitly
incorporated into recovery-based objectives selected for existing buildings. The costs, benefits,
and feasibility of retrofitting existing buildings can be managed through decisions addressing the
following questions:

e Which existing buildings should be retrofitted to meet which reoccupancy and functional
recovery objectives?

e What retrofit provisions are needed to achieve certain reoccupancy or functional recovery
objectives?

e Should retrofit of existing buildings to meet reoccupancy and functional recovery objectives
be mandatory, triggered, or voluntary?

Which existing buildings should be retrofitted to meet which reoccupancy and functional
recovery objectives?

Assignment of recovery-based objectives to existing buildings will occur as part of the policies
developed under Task 1.1. As in the case of new buildings, existing buildings would be assigned
to recovery categories with recovery times based on the use, functions, or services they provide.
The distribution of existing buildings that are assigned to shorter or longer target recovery times
will determine the scope and impact of Recommendation 3, and will scale the costs, benefits, and
feasibility of implementation.

In general, it will be more difficult and expensive to achieve reoccupancy and functional
recovery objectives in existing buildings than in new buildings. In the interest of cost-
effectiveness, most current retrofits are focused on safety, targeting specific collapse-prone
structural deficiencies that are believed to represent the greatest risk. The most deficient
structural systems will likely be the most challenging to retrofit to recovery-based objectives.

One way to manage the challenges posed by existing buildings is to consider alternative, lower
criteria for retrofit of existing buildings relative to design for new buildings. This approach is
common in safety-based retrofit programs, and can be accomplished a number of ways
including: choosing lower performance goals, selecting lower earthquake hazard levels,
assigning longer reoccupancy and functional recovery times, or limiting retrofits to only the most
severe deficiencies.

For these reasons, it is possible that the recovery-based objectives for existing buildings
established in Task 1.1 might consider different target recovery times for existing buildings,
might consider only safety or reoccupancy objectives for some buildings, and might limit
functional recovery objectives to existing buildings serving only the most critical functions in a
community. Additionally, existing buildings can be replaced with new construction or
repurposed for less-critical uses, or critical functions can be relocated to newer, more recoverable
buildings to help achieve community resilience.
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Federal agencies could lead by example, providing a model for development and implementation
of recovery-based objectives in existing buildings through adaptation of current policies for
federally owned and leased buildings. This action is encouraged in Executive Order 13717,
Establishing a Federal Earthquake Risk Management Standard (The White House, 2016), and
commentary, technical background, and possible implementation options are presented in NIST
Technical Note 1922, ICSSC Recommended Practice (RP) 9: Implementation Guidelines for
Executive Order 13717 (NIST, 2017).

What retrofit provisions are needed to achieve certain reoccupancy or functional recovery
objectives?

Evaluation of the performance capability of current retrofit criteria, and development of new
recovery-based retrofit criteria, will occur under Task 1.2, considering the hazard levels selected
under Task 1.3. In concept, new recovery-based provisions for retrofit of existing buildings will
be incorporated into national model existing building codes and reference standards, or interim
provisions for recovery-based retrofit of existing buildings will be adapted within the framework
of currently available codes and standards. Incorporating recovery-based provisions into a future
edition of a national model existing building code is expected to be a long-term implementation
task (i.e., on the order of 10 years or more), likely involving the development of a design
guideline, followed by development of a national consensus standard, and finally adoption into a
model code.

Recovery-based retrofit criteria would involve current seismic retrofit strategies and available
performance-based standards and guidelines for existing buildings, such as ASCE/SEI 41-17,
Seismic Evaluation and Retrofit of Existing Buildings (ASCE, 2017b), addressing construction,
systems, and materials specific to existing buildings. Although they cover a wide range of
performance-based objectives, current standards and guidelines for existing buildings are
primarily focused on safety and will likely need modification for achieving specific recovery
objectives. New recovery-based retrofit criteria could include new sets of recovery-based
objectives to supplement or replace current performance objectives, along with new criteria for
designing retrofits to achieve target recovery times. For higher recovery-based objectives,
criteria could also include protection of contents, quality assurance, and provision for backup
utility services.

Ultimately, it is the responsibility of SLTT jurisdictions to adopt and enforce an existing building
code and to implement retrofit programs. Jurisdictions with an interest or need to implement
recovery-based objectives sooner than the availability of a national standard or policy should be
encouraged to develop interim provisions. Interim provisions could be informed by progress
being made under Recommendation 1, selected provisions for enhanced seismic design available
in current existing building codes and reference standards, consultation with local industry
experts, or examples from federal agencies leading by example. Current performance-based
standards for existing buildings could be used as interim recovery-based criteria through the
selection of higher performance objectives to improve the likelihood of achieving certain
recovery-based objectives for a greater number of existing buildings in the near term.
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Should retrofit of existing buildings to meet reoccupancy and functional recovery
objectives be mandatory, triggered, or voluntary?

Retrofit programs are typically conceived, prioritized, legislated, and implemented by SLTT
jurisdictions that are most familiar with their existing building inventories and their associated
risk to public safety, the available resources, and interests of owners and tenants in their
communities. These programs can be designed with a lengthy compliance deadline to allow cost
to be spread out over time*. An SLTT jurisdiction will have three alternatives for implementing
recovery-based objectives for existing buildings. These include the use of mandatory, triggered,
or voluntary retrofit programs, as discussed in Alternatives 3-1, 3-2, and 3-3, below.

Outside the adoption of model existing building codes and the use of triggers, retrofits are
frequently performed under mandatory or incentivized (voluntary) programs put in place through
targeted state legislation or a local ordinance adopted by proactive jurisdictions. Because work
on existing buildings can be scaled to avoid triggers, current triggers in model existing building
codes may need to be strengthened or supplemented to require seismic retrofit of more buildings
to achieve recovery-based objectives.

Alternative 3-1: Mandate the Retrofit of Existing Buildings to Meet Recovery-Based
Objectives

Under Alternative 3-1, a jurisdiction would mandate the seismic retrofit of one or more groups of
existing buildings using recovery-based objectives based on future model existing building codes
and reference standards, or interim provisions, developed under Recommendation 1. Groups of
buildings targeted for retrofit could be defined by assigned recovery categories, or by their use,
occupancy, vulnerability, presence of specific deficiencies, or a combination of construction and
use representing an identified gap in a jurisdiction’s resilience plan.

In general, mandates are more effective than incentives. Retrofit mandates are politically
feasible where there is a large group of buildings that presents an obvious and urgent risk. By
focusing on specific buildings with widely recognized deficiencies, special programs are likely
to be more effective than triggered or voluntary retrofit programs.

In safety-based retrofit programs, critical building groups are identified by structural systems
with a history of poor performance in past earthquakes. In recovery-based retrofit programs, the
same systems will be of interest (e.g., unreinforced masonry, “soft story” woodframe, concrete
“tilt-up”, and non-ductile concrete), but retrofit objectives and priorities should be established
from the results of a resilience-based inventory of existing buildings that considers the use,
function, or service provided by a building in addition to structural system or deficiency.

Some notable retrofit programs have been adopted by leading jurisdictions, including the State of
California 1986 Unreinforced Masonry Building Law?, the City of San Francisco Earthquake
Safety Implementation Program (ESIP)®, and the City of Los Angeles Soft, Weak, or Open Front

4 http://clkrep.lacity.org/onlinedocs/2014/14-1697-S1_ord 183893 11-22-15.pdf
5 https://ssc.ca.gov/forms_pubs/cssc_92-01 urm_law_status.pdf
6 https://onesanfrancisco.org/esip
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Wall and Non-ductile Concrete Building Ordinance’. Few programs, however, have attempted
to target higher performance objectives that consider recovery of function for existing buildings,
due to the practical challenges and higher costs associated with retrofitting to higher performance
objectives. Such programs have generally only targeted essential service buildings (e.g.,
hospitals), such as the California Hospital Seismic Safety Program (SB 1953)%. In many of these
cases, the cost of the retrofit, the limited remaining lifespan of the building, and the opportunity
to upgrade obsolete systems have led to conclusions that replacement with new construction is
more cost-effective than retrofit to higher performance objectives. It must also be noted that
significant damage and increased risk to occupants can be caused by nonstructural systems and
contents in a building.

When considering mandated retrofit programs, a balance is needed between the benefits in terms
of shorter recovery times after an earthquake, and the challenges of competing community
priorities, effects on economic development, displacement of residents and tenants, cost of
housing, social justice concerns (e.g., poor and minority communities disproportionately
impacted by disasters), preserving the character of historic districts and neighborhoods,
preventing building abandonment, and reducing carbon emissions. However, leading
communities have demonstrated how working with stakeholders can result in successful
programs that provide reasonable timeframes to plan and implement retrofits, identify possible
sources of funding to help offset costs, and provide limits on costs that can be passed to tenants.

Alternative 3-2: Trigger the Retrofit of Existing Buildings to Meet Recovery-Based
Objectives

Under Alternative 3-2, a jurisdiction would regulate the seismic performance of existing
buildings through current, added, or revised evaluation and retrofit triggers in a local ordinance
or a locally adopted version of a model existing building code. Because of shortcomings in how
current retrofit triggers are employed in practice, jurisdictions should consider expanding the
scope of triggered work through the following examples for strengthening or supplementing
existing triggers:

e Adjustment of triggers for current IEBC project types (addition, alteration, repair, change of
occupancy, and relocation) to require retrofit in more projects.

e Realignment of seismic retrofit triggers to focus on buildings already identified as local
recovery priorities and considered essential for community resilience.

e Addition of triggers outside of the building code for activities including sale, lease, or
refinance.

Criteria for triggered retrofit work would be based on future model existing building codes and
reference standards, or interim provisions, developed under Recommendation 1. Because
instances of triggered retrofit work within a community will occur randomly throughout the
community, a retrofit program that relies on code triggers is likely to be less effective than a
mandatory retrofit program.

7 http://clkrep.lacity.org/onlinedocs/2014/14-1697-S1_ord 183893 11-22-15.pdf
8 https://oshpd.ca.gov/construction-finance/seismic-compliance-and-safety/
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Alternative 3-3: Encourage the Voluntary Retrofit of Existing Buildings to Meet
Recovery-Based Objectives

Under Alternative 3-3, a jurisdiction would implement policies or programs to encourage the
voluntary retrofit of existing buildings using recovery-based objectives based on future model
existing building codes and reference standards, or interim provisions, developed under
Recommendation 1. In a voluntary context, all technical aspects of recovery-based objectives
for retrofit of existing buildings would be necessary, except these objectives would not be a
mandatory part of the local existing building code.

Financial or other incentives are often necessary to encourage participation, and additional
discussion of financial resources is provided under Recommendation 7. Voluntary retrofit
programs have the benefit of lower thresholds for acceptance and greater political feasibility.
However, experience shows that voluntary retrofit programs are generally less effective than
mandatory retrofit programs because they lack a critical mass of participation needed to make
meaningful progress towards community resilience.

If the incentive is provided from outside the jurisdiction (e.g., federal grants or subsidies), a
voluntary program might be more appealing to the jurisdiction. To be effective, a voluntary

program would need to be incentivized in a way that prompts a critical mass of owners to do the

work. Recent safety-based programs in California have found that a positive incentive (e.g.,
reimbursement of a portion of the owner’s cost of compliance) needs to cover up to three-
quarters of the project cost in order to yield participation. Some programs have had success,
particularly when retrofits have a low-cost alternative, incentives cover a significant portion of

the cost, and there is an effective public awareness campaign, such as the California Earthquake

Authority (CEA) Brace and Bolt Program® for retrofit of residential homes.

9 https://www.earthquakebracebolt.com/
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Chapter 4

Improve the Performance of Lifeline
Infrastructure Systems

Lifeline infrastructure systems include electric power, gas and liquid fuel, water, wastewater,
telecommunication, and multi-modal transportation systems providing important resources and
services for modern society to function and survive. These systems are recognized in the
NEHRP reauthorization (P.L. 115-307) and are a subset of the 16 critical infrastructure sectors
defined by the National Infrastructure Protection Plan (USDHS, 2013). Lifeline infrastructure
systems are interdependent systems made up of the physical infrastructure and the spectrum of
organizations (e.g., public, private, federal, state, and special districts) that own and operate
them. They include a variety of subsystems, each of which may have separate owners and
operators, all of which must coordinate to provide services to end-users. The physical
infrastructure is made up of extensive interconnected components, including central nodes such
as pumping and switching stations, some of which may include physical structures (including
maintenance yards and offices). Many, but not all, lifeline services are provided through
connections to, or interfaces with, buildings and other lifeline infrastructure systems. Volume II
of the Community Resilience Planning Guide for Buildings and Infrastructure Systems (NIST,
(2016b) provides a detailed reference for ways to characterize the functions and regulatory
requirements for lifeline infrastructure systems, and their dependencies.

Lifeline infrastructure systems are spatially distributed networks, with some of the larger systems
covering multiple cities and even states. The operation of a given lifeline infrastructure system
depends on numerous components, designed and built over time, using a variety of standards,
procedures, and material types. Failure of a single critical component can result in cascading
failures within a system, and to other systems, as in the case of electrical power that was lost to
an estimated 50 million people in the 2003 Northeast Blackout (NERC, 2004). Often, several
lifeline infrastructure systems have components, or lines, that are co-located along transportation
or other utility corridors. The proximity of co-located systems means that failure in one system
can lead to unintended damage in adjacent systems (O’Rourke, 2007; FEMA, 1991a, 1991b). In
many cases failure of lifeline infrastructure systems can result in secondary hazards, including
flooding, explosion, fires, electrocution, contaminated water, and restrictions in mobility and
communications.

The interconnected and interdependent nature of lifeline infrastructure systems means that the
function of one system depends on, or is critical to, the services from other systems. However,
lifeline infrastructure system organizations tend to operate in silos, with each making decisions
independent of the others. The complexities of lifeline infrastructure system interdependencies
are illustrated in Figure 4-1.

Lifeline infrastructure systems have numerous regulations and regulators, but there is no single
regulating authority covering all lifeline infrastructure systems. Some lifeline infrastructure
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systems have multiple regulating authorities covering different aspects of their operations, and
these may come from local, regional, state, and federal levels. Regulations may differ for
publicly and privately owned lifeline infrastructure systems.
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Figure 4-1 Interdependencies of lifeline infrastructure systems in San Francisco (ABAG,
2014); connection points on the outer ring show which systems rely on the
designated operator, and connection points on the inner ring show which
systems the designated operator relies upon.

Most regulations deal with ensuring safe and reliable operations and provision of services, but
most regulations do not address earthquake hazards. Where earthquakes and other hazards are
specifically addressed, requirements vary across different lifeline infrastructure systems and
across state lines. Some regulations deal with certain critical safety-level components (e.g.,
dams and nuclear power plants) where earthquake-related design is addressed. The transport and
storage of hazardous materials also cover earthquake considerations, but to different levels.

Earthquake-related performance criteria are mostly limited to structural components directly
associated with human occupancy (e.g., buildings) or use (e.g., stations, bridges, piers, and
control towers). System-level performance requirements are usually related to public health and
life safety, property protection (including the environment), and provision for normal service. In
most cases, lifeline infrastructure systems are designed for very low probability of service loss
under normal serviceable conditions (e.g., wind, rain, snow, ice, annual flooding, and operational
demands) and standard operational changes and repairs. Most systems are not designed to
provide continuous service under more extreme conditions, such as earthquakes, tornadoes,
hurricanes, unusual storms and floods, unusual operational constraints, or rare damage scenarios
(e.g., an abnormally high number of pipe repairs in a water system). Rarely are services to large
numbers of customers purposefully removed or reduced, although the recent wildfires in
California have caused the Pacific Gas and Electric Company to shut off power to reduce the risk
of fire ignition due to wind-driven impacts on their electric power distribution system (PG&E,
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2020). Similarly, the current research activities into deployment of an earthquake early warning
system offers the prospect of managing lifeline and other systems to minimize the impact of
secondary hazards, such as gas fire after an earthquake, once strong shaking is detected.

A variety of manuals, guides, and standards establishing criteria for design and construction of
lifeline infrastructure system components is available (NIST, 2016c). Most do not specifically
address post-earthquake recovery times for components or lifeline services. Design guidelines
for a few water districts (e.g., San Francisco Public Utility Commission, Willamette Water
Supply Program in Oregon) and transportation agencies (e.g., Caltrans) indicate some levels of
expected post-earthquake service. Where safety is dictated by regulatory requirements (e.g.,
bridges, buildings, dams, nuclear power plants), the level of safety protection provided is
intended to prevent catastrophic failure, but does not ensure these components will function, and
rarely provides information on provision of service following an earthquake.

Services are provided to a variety of customers from a single lifeline infrastructure system. With
some exceptions, lifeline infrastructure systems are generally not designed to provide more
reliable service to specific customers. That is, customers providing more critical community
functions (e.g., hospitals) are provided with the same level of reliability as customers providing
less critical functions (e.g., standard industrial buildings).

COMMENDATION 4: Design, Upgrade, and Maintain Lifeline Infrastructure Systems
to Meet Recovery-Based Objectives

Large segments of the nation’s critical infrastructure are now more than 50 to 100 years old, with
many portions built before the adoption of modern earthquake codes, standards, and guidelines
starting in the 1970’s. In 2017, ASCE graded the nation’s infrastructure as D+ across 16
categories (ASCE, 2017a).

Many new and existing lifeline infrastructure components could be unusable for an extended
period of time following an earthquake. Loss of critical components can result in major
disruption to large parts of the system for months to years. This is especially true for large,
complicated components like bridges, subways, and treatment plants. For example, damage to
bridges in the 1989 Loma Prieta earthquake significantly impacted highway transportation for
nine years (FHWA, 2017). As a result, a broad program was funded by the Federal Highway
Administration since the mid-1990s that supports seismic retrofit for performance improvement
of transportation assets (FHWA, 2006).

A community cannot recover from an earthquake without the recovery of its lifeline services
working together. Overall, and regardless of individual agencies’ efforts, lifeline infrastructure
systems need to be significantly upgraded, and better maintained and coordinated in order to
reduce the impacts of future earthquakes and other natural hazards.

To improve the performance of lifeline infrastructure systems in a major earthquake, a recovery-
based approach for the design of new systems and the upgrade and maintenance of existing
systems is needed. Because the operation of a lifeline infrastructure system depends on
numerous components, designed and built over time, using a variety of standards, procedures,
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and material types, the recovery-based design, upgrade, and maintenance of a system are
combined and considered under this single recommendation.

The development of a recovery-based framework under Recommendation 1 is needed for
implementation of Recommendation 4. The costs, benefits, and feasibility of designing new,
upgrading existing, and maintaining all lifeline infrastructure systems will depend on the policy
decisions under Task 1.1, design criteria decisions under Task 1.2, and hazard level decisions
under Task 1.3. The manner in which the above elements are formulated into a program will
dictate the cost, benefits, and feasibility relative to each lifeline infrastructure system. It is worth
mentioning recent efforts across various lifeline systems to develop resilience plans for extreme
events asset management; one example is the transportation asset management program
developed by AASHTO (e.g., AASHTO, 2019).

Wholesale system replacement over a short timeframe is not achievable because of labor,
material, and financial resource deficits. Additionally, the expense and disruption to society
associated with wholesale replacement would be enormous. On an ongoing basis, however,
existing components are replaced because of aging, deterioration, new requirements, or changes
in demand or required capacity. If recovery-based policies and criteria are available, then as
each component is replaced or added, systems could theoretically be able to meet recovery-based
objectives over a longer timeframe. If these concepts are incorporated into asset management
plans, this improvement process can take place over the timeframe of a normal asset replacement
cycle.

Design of new lifeline infrastructure systems will not, by itself, achieve recovery-based
objectives because most lifeline services depend on existing infrastructure, and most new
systems continue to rely on existing system components and subsystems. Existing lifeline
infrastructure systems comprise the bulk of the U.S. inventory, and their vulnerabilities are the
biggest threat to achieving recovery-based objectives.

Some systems have been upgraded using practices and standards developed over the past few
decades (e.g., electric power and telecommunications systems, and highway structures). Such
upgrades will help in achieving recovery-based objectives, but the performance capability of
these upgrades in terms of post-earthquake service continuity or recovery time is not known,
except for the performance goals to which they were upgraded (e.g., life safety). Existing
lifeline infrastructure systems will remain a liability until they are upgraded or replaced with new
construction that is explicitly designed for recovery-based objectives.

Many federal agencies, such as the U.S. Army Corps of Engineers, Bureau of Reclamation,
Department of Defense, and others, own, manage, and operate lifeline infrastructure systems,
which are vulnerable to earthquake effects. Agencies such as the Department of Transportation
also help fund lifeline infrastructure systems. Functional recovery is consistent with National
Infrastructure Protection Plan (USDHS, 2013) joint national priorities (USDHS, 2019) through
risk reduction, enhancing recovery capabilities, and resilience investment. Federal agencies
could lead by example, providing a model for development and implementation of recovery-
based objectives for all lifeline infrastructure system owners and operators through early
adoption of the framework described under Recommendation 1. Federal leadership will
encourage improvement across all lifeline infrastructure system sectors, and help prevent the
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interruption of mission critical functions like what happened at the Naval Air Weapons Station in
China Lake following the 2019 Ridgecrest earthquake (Marquez, 2019).

Implementation of Recommendation 4 is not a short-term undertaking. It will require long-term
commitment on the part of all lifeline infrastructure system owners and operators or regulators,
the support of end users, and leadership at all government and community levels. Improvements
to lifeline infrastructure systems should focus on: targeting the lifeline services to users based on
importance to community-level needs; incorporating uncertainties (e.g., mean and variability of a
performance level relative to a specified hazard level) over a reasonable timeframe (years or
decades); and allowing for proper financing commensurate with local, state, and federal
capabilities that can be budgeted by lifeline infrastructure system owners and operators.

Implementation of this recommendation includes a series of tasks, all of which are considered
essential to develop and implement a program for design, upgrade, and maintenance of lifeline
infrastructure systems. These include provision for federal-, state-, local-, tribal-, and territorial-
level guidance on regulatory authority (Task 4.1), evaluation of the current performance
capability of existing lifeline infrastructure systems (Task 4.2), development of national design
standards (Task 4.3), and creation of regional lifelines councils (Task 4.4). Additionally, an
authority administering a program for design, upgrade, and maintenance of lifeline infrastructure
systems will have three alternatives for implementation. These include the use of mandatory,
voluntary, or triggered programs, as discussed in Alternatives 4-1, 4-2, and 4-3, below.

Task 4.1: Provide National Guidance on Regulatory Authority Across Lifeline
Infrastructure Sectors

There is no common jurisdictional authority for all lifeline infrastructure systems. For some,
there may be no regulatory authority to oversee or mandate improvements. The wide array of
authorities having jurisdiction over different lifeline infrastructure systems requires a governance
structure providing a consistent set of regulations across all systems.

A review of regulatory authorities across all lifeline infrastructure sectors should be undertaken
to define where there may be overlaps and gaps at federal, state, local, tribal, and territorial
government levels. Such a review should include different federal entities that regulate various
lifelines infrastructure systems as well as representative state regulating entities. Based on this
review, national-level guidance should be created for developing a governance structure to
provide a consistent set of regulations across all lifeline infrastructure systems. Such a
governance structure should be developed with proper authorities and should take into account
associated federal regulations. The national-level guidance should be adopted with regional
adjustments through legislation at the SLTT levels.

Task 4.2: Evaluate the Ability of Lifeline Infrastructure Systems to Meet Recovery-
Based Objectives

Many lifeline infrastructure system owners and operators do not know how long it would take to
restore basic services to customers after an earthquake. A small number of lifeline infrastructure
systems have undertaken detailed system-level evaluations, but the problem has been simplified

in most cases, and the evaluations typically do not account for some, or all, of: (1) the set of
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subsystems making up the lifeline infrastructure system; (2) upstream and downstream supply
chain dependencies (e.g., wholesale water suppliers, power generation and transmission,
petroleum refineries); (3) interdependencies with other lifeline infrastructure systems and social
and economic systems; and (4) plausible earthquake hazards. Lifeline infrastructure system
evaluations need to consider the impacts of all earthquake hazards, across the entire system, from
source to distribution or collection to discharge.

Evaluation of the ability of lifeline infrastructure systems to meet recovery-based objectives
should be mandated, or strongly encouraged, at the federal, state, local, tribal, and territorial
levels, for systems of a certain size (e.g., serving a minimum population level) or a certain
critical support function. Periodic re-evaluations would be necessary (e.g., every 5 years), based
on regular asset management inspections to incorporate life cycle effects of aging and
deterioration, system modifications, policy changes, and new technologies. This will help ensure
that lifeline infrastructure systems are being properly maintained to meet the recovery-based
objectives that they were designed for.

This task would be informed by the policies for recovery time determined under Task 1.1, and
the hazard levels selected under Task 1.3, but does not depend on them. Technologies to
perform evaluations could be improved and better integrated into practice, but this should not
hinder an initial assessment based on current technologies. An initial evaluation is needed to
identify expected service losses and the ability to restore them after an earthquake, and to
identify priorities for future upgrades as well as inform work on other tasks. Considering
potential redundancy, robustness, and system adaptability, not all lifeline infrastructure system
components necessarily need to perform at the same level. An initial evaluation will also aid in
determining which components are critical to services for different users.

The ability of each lifeline infrastructure system to achieve recovery-based objectives should be
clear to all users, so that informed recovery-based decisions can be made. Lifeline infrastructure
system owners and operators should publicly disclose the results of system evaluations, and the
potential availability of services following an earthquake, except when disclosure could
adversely impact national security. Data related to these evaluations support informed decision
making by end users about the need for temporary lifeline services.

Task 4.3: Develop National Seismic Design Standards to Meet Recovery-Based
Objectives for Lifeline Infrastructure Systems

A consistent set of guidelines, standards, and codes for all lifeline infrastructure systems is
needed to design, upgrade, and maintain lifeline infrastructure systems to meet recovery-based
objectives. As reported in NIST (2016c¢) and Risk and Resilience Measurement Committee
(RRMC) (2019), a consistent set of documents does not currently exist. For systems or
components that have design standards, the ability to meet recovery-based objectives is limited
by inconsistencies in earthquake design criteria, and lack of guidance on: (1) system-level
performance; and (2) component performance needed to meet the desired system-level
performance.

The development of national-level seismic design guidelines, standards, and codes for lifeline
infrastructure systems will ensure consistent recovery-based design, operations, and maintenance
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throughout a network of interdependent systems. A significant amount of work has been
undertaken in the past few decades to create seismic design guidelines and standards for some,
but not all, lifeline infrastructure system components (e.g., AASHTO, 2011; Caltrans, 2019;
ASCE, 2014; Telcordia, 2017; AWWA, 2011; IEEE, 2018; and NASEM, 2020). However, all
lifeline system components and assets need to be further investigated to quantify their
performance capability, and their ability to maintain sufficient operability, for different
earthquake hazard levels. In many instances, existing guidelines and standards can be modified
to incorporate criteria for achieving recovery-based objectives. Where this cannot happen, new
documents will need to be developed.

For lifeline infrastructure systems crossing state boundaries, there needs to be consistency in the
recovery-based objectives to meet the overall target recovery time in an interdependent lifeline
infrastructure system. Adoption of a consistent set of guidelines, standards, and codes could be
challenging. Recently, the National Cooperative Highway Research Program (NCHRP) has
been conducting studies on capability maturity models for adopting national guidelines on a local
level, oriented towards the state DOTs resilience organization capability (NCHRP, 2020).
National direction on how lifeline infrastructure systems across all sectors can be designed to
meet recovery-based objectives should be developed. Federally owned lifeline infrastructure
systems should move in this direction in combination with existing authority or infrastructure-
specific criteria (e.g., Federal Energy Regulatory Commission seismic guidelines for dams).

Development of national-level seismic design guidelines, standards, and codes for lifeline
infrastructure systems would be supported by two activities: (1) implementation of the NIST
GCR 14-917-33, Earthquake Resistant Lifelines: NEHRP Research, Development and
Implementation Roadmap (NIST, 2014); and (2) re-establishment of a national lifelines
organization.

Implementation of the NEHRP Lifelines Roadmap

In 2014, NIST published GCR 14-917-33, Earthquake Resistant Lifelines: NEHRP Research,
Development and Implementation Roadmap (NIST, 2014). The purpose of this roadmap was to
“guide the NEHRP agencies in generating national performance restoration goals in concert with
the development of guidelines, manuals, and standards for key lifeline systems and components.”
This roadmap was created with a resilience context in mind, but the recommended topics are
directly applicable to recovery-based concepts. A summary of topics identified in the NEHRP
lifelines roadmap is provided in Appendix C.1. Since its publication, some topics in the roadmap
have been undertaken. Implementation of the roadmap should be preceded by a review of the
current state of practice and the current status of topical investigations.

Re-Establishment of a National Lifelines Organization

The American Lifelines Alliance (ALA) was an organization funded by FEMA between 1999
and 2005 to provide oversight for the development of lifeline infrastructure system guidelines.
Budget reallocations forced the ALA to discontinue operations, leaving a significant gap in the
ability for lifeline infrastructure systems to coordinate. Given the complex, interconnected, and
interdependent nature of lifeline infrastructure systems, a national lifelines organization should
be re-established to plan, lead, coordinate and manage efforts to create, adopt and implement
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standards to advance lifeline earthquake engineering and improve system performance (NIST,
2014). Such an organization would be similar to the ALA, but with a different management
structure, as described in NIST (2014), and with potentially different tasks, as outlined in
Appendix C.2.

Task 4.4: Create Regional Lifelines Councils

Recovery after an earthquake requires proper identification of system-level interactions and
interdependencies among lifeline infrastructure systems and emergency management systems, as
well as the sharing of means and methods among stakeholders. Public and private lifeline
infrastructure organizations should form regional lifelines councils to improve interaction
between the organizations, better understand system interdependencies, and enhance post-event
response and recovery coordination.

Depending on the size of the affected area, a lifelines council could include lifeline service
providers within a metropolitan area, a state, or even multiple states. A national-level program
can be developed to provide guidance for creating lifelines councils across the country. Some
lifeline infrastructure organizations may be associated with multiple lifelines councils. Examples
citing the need for lifelines councils include the following:

e In 2009, the City of San Francisco convened a lifelines council to understand dependencies
of different lifeline infrastructure systems in San Francisco and establish coordination
processes for lifeline infrastructure system recovery following a magnitude 7.9 earthquake on
the San Andreas Fault (City and County of San Francisco, 2014).

e In 2013, the Oregon Seismic Safety Policy Advisory Committee recommended state and
inter-state lifelines councils (OSSPAC, 2013).

e In2015-2016, the Southern California Critical Lifelines Working Group was formed
recognizing the need to break silos among the lifeline infrastructure systems and emergency
management organizations.

e In 2015, a Seismic Resilient Water Supply Task Force was created by three agencies
importing water into Southern California: the California Department of Water Resources,
Metropolitan Water District of Southern California, and Los Angeles Department of Water
and Power. This type of regional lifelines council was focused on a specific system with
common needs for addressing water supply crossing the San Andreas Fault (Davis and
Shamma, 2019).

These groups have shown how significant advancements can be made when lifeline
infrastructure system organizations are able to convene regularly. For instance, the San
Francisco Lifelines Council developed a comprehensive review of lifeline interdependencies.
The Seismic Resilient Water Supply Task Force led to an agreement among state, regional, and
city agencies to work as a single unit in an earthquake emergency to ensure water supplies can be
restored to Southern California through any of the three major aqueducts regardless of who owns
the lifeline infrastructure system. Similarly, the Southern California Critical Lifelines Working
Group, has improved the collaboration and sharing of information among various lifelines
organizations through regularly held quarterly meetings and engaging lifelines organizations
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with emergency management organizations. The above-mentioned groups have also shown that
continuous effort is needed to make progress.

Alternative 4-1: Mandate the Design of New and Upgrade of Existing Lifeline
Infrastructure Systems to Meet Recovery-Based Objectives

Under Alternative 4-1, an authority would mandate the design of new and upgrade of existing
lifeline infrastructure systems using recovery-based objectives developed under
Recommendation 1. Requirements should include a statement regarding the probability for
meeting recovery-based objectives. A consistent set of regulations across all lifeline
infrastructure systems is needed at the federal, state, local, tribal, and territorial government
levels as described in Task 4.1, system evaluations are needed as described in Tasks 4.2,
development of national design standards is needed, as described in Task 4.3, and coordination
through regional lifelines councils is needed, as described in Task 4.4.

Mandates can be very effective, especially for the design of new lifeline infrastructure systems, if
they are implemented with oversight, allowance for increased rates to cover necessary
improvement costs, and when reasonable customer-driven target requirements are clearly defined
and communicated to customers paying the increased rates. Mandates with undefined objectives
will allow lifeline infrastructure system owners and operators to define the performance levels
using metrics favorable to the existing conditions (e.g., ASCE, 1995), which is only acceptable if
existing conditions meet the selected performance objectives.

Alternative 4-2: Encourage the Voluntary Design of New and Upgrade of Existing
Lifeline Infrastructure Systems to Meet Recovery-Based Objectives

Under Alternative 4-2, an authority would implement policies or programs to encourage the
voluntary design of new and upgrade of existing lifeline infrastructure systems using recovery-
based objectives developed under Recommendation 1. In a voluntary context, all technical
aspects of recovery-based objectives for lifeline infrastructure systems would be necessary,
except that they would not be mandatory. Financial or other incentives are often necessary to
encourage participation, and additional discussion of financial resources is provided under
Recommendation 7.

Voluntary design of new or upgrade of existing lifeline infrastructure systems can be encouraged
by local leadership, regulatory authorities, legislatures, users, and other stakeholder groups.
Experience has shown that many lifeline infrastructure system owners and operators are
receptive to making system improvements to support end user needs once they understand what
is necessary and why (e.g., Davis and Shamma, 2019; EBMUD, 2020; PG&E, 2020; Sims, 2015;
BPA, 2013). However, lifeline infrastructure systems are not always maintained to ensure
proper performance without appropriate oversight (e.g., CPUC, 2019). Jones and Aho (2019)
describe an example of top-down leadership resulting in voluntary improvements to water and
communication lifeline infrastructure systems for the City of Los Angeles.

Voluntary programs for existing lifeline infrastructure systems can be effective. Rate paying
customers have commonly shown support and willingness to pay for necessary lifeline
infrastructure system improvements (e.g., Taylor et al, 1999). However, not all lifeline

FEMA P-2090/NIST SP-1254 4: Improve the Performance of 45
Lifeline Infrastructure Systems



infrastructure system owners and operators will voluntarily implement system improvements.
Reasons include: (1) financial constraints; and (2) perception that it is not in their best interest, or
in the best interest of their users, even if proven cost effective.

Alternative 4-3: Trigger the Upgrade of Existing Lifeline Infrastructure Systems to
Meet Recovery-Based Objectives

Under Alternative 4-3, an authority would regulate the seismic performance capability of
existing lifeline infrastructure systems through triggers that require upgrade when certain system
enhancements are made. Triggers could be established through regulatory agencies, legislative
processes, or as internal policy by lifeline infrastructure system owners and operators. A variety
of triggers are possible, including an inability to meet recovery-based objectives as identified
through a system-wide evaluation (Task 4.2), or when components are replaced or re-sized
because of aging, deterioration, new requirements, or because of changes in demand.

The scope of triggered upgrade work will need to be set at a reasonable level. For example,
triggers that would ultimately require wholesale upgrade or replacement may be too disruptive,
too expensive, or not politically feasible. Because instances of triggered upgrade work will
occur randomly throughout the system, a program that relies on triggers is likely to be less
effective than a mandatory requirement.
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Chapter 5

Expedite Recovery through
Pre-Disaster Planning and
Implementation

The 2011 Tohoku earthquake and tsunami illustrates the need for effective pre-disaster recovery
planning and implementation. The Japanese have made considerable investment in high-
performance systems (e.g. base-isolation), earthquake early warning, and other advanced
earthquake technologies. Despite those investments, they still relied upon the implementation of
extensive pre-disaster recovery plans to deal with the aftermath of the earthquake and tsunami —
and even those generally effective plans were inadequate in dealing with the subsequent
Fukushima meltdown. The Japanese example illustrates that even with good codes and standards
and advanced technology for enhancing buildings and lifeline infrastructure systems, pre-disaster
recovery planning is essential to expediting recovery and community resilience.

In 2011, the development of a national-level disaster recovery strategy in the United States was
mandated by Presidential Policy Directive 8 (PPD-8)!°. In response, FEMA published the first
edition of the National Disaster Recovery Framework (NDRF) (FEMA, 2011) followed by the
second edition in 2016 (FEMA, 2016). The NDRF defines recovery principles, roles and
responsibilities of recovery coordinators and others, a coordinating structure that facilitates
communication and collaboration among all stakeholders, guidance for pre- and post-disaster
recovery planning, and the overall process by which communities can capitalize on opportunities
to rebuild stronger, smarter, and safer (FEMA, 2011). Further, the NDRF “helps ensure that all
communities can coordinate recovery efforts to address their unique needs, capabilities,
demographics, and governing structures” (FEMA, 2016).

While the NDRF provides a general foundation for disaster recovery planning, communities at
risk for earthquakes need to develop pre-disaster recovery plans that explicitly address the
activities needed to enable reoccupancy and functional recovery of buildings and lifeline
infrastructure systems after an earthquake. Pre-disaster recovery planning can be challenging for
communities facing earthquake hazards, particularly when the probability of a major earthquake
is considered low and decision makers have to consider multiple and sometimes competing
priorities. Accommodating the shift to a focus on recovery-based objectives may add further to
the challenge as people learn what these concepts mean and how they may need to adapt current
policies, procedures, and practices to expedite community recovery after an earthquake. The
value of making this shift will prove positive in terms of lives, livelihoods, resources, and time
saved.

10 https://web.archive.org/web/20120103101043/http://www.fema.gov/prepared/ppd8.shtm
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COMMENDATION 5: Develop and Implement Pre-Disaster Recovery Planning
Focused on Recovery-Based Objectives

In addition to designing, constructing, retrofitting, and maintaining the built environment for
reoccupancy and functional recovery, pre-disaster recovery planning by governmental
authorities, building owners and managers, and lifeline infrastructure system owners and
operators is needed to achieve recovery-based objectives beyond that achievable by design and
construction alone. Pre-disaster recovery planning involves making decisions before a disaster
about how a community will recover after a disaster (Lindell, 2019). The value of such
preparation cannot be overstated; even if the particulars of the pre-disaster recovery plan are not
observed in detail, the exercise of having completed the plan before an earthquake will help
people more effectively make and implement critical decisions in its aftermath. Strong local
leadership is essential to the development and implementation of effective pre-disaster recovery
planning (Arendt and Alesch, 2014).

In thinking about who might assume responsibility for addressing recovery-based objectives as
part of pre-disaster recovery planning, it is likely best done within the existing administrative
structure of each community. For example, reoccupancy and functional recovery efforts may be
integrated into the responsibilities of existing positions such as a City Manager, Director of
Planning and Development, Building Official, Chief Resilience Officer, or other administrative
staff member, department, or agency. The decision where to locate these efforts will depend on
the particular community’s characteristics (e.g., size, urban, suburban, rural, and frequency of
earthquakes). Regardless of the administrative structure used, lessons in how to mobilize and
engage communities in dialogue around recovery-based objectives should be drawn from the
NIST Community Resilience Planning Guide, related Guide Briefs (e.g., NIST, 2019), and
reports on urban resilience strategies as documented by the 100 Resilient Cities!! effort.

With respect to lifeline infrastructure systems, pre-disaster recovery planning would be
undertaken by each lifeline infrastructure system authority, individually or as part of a larger
group effort. They would identify the role they expect to play, how services would be provided
to users following an earthquake, and how they would interact with other lifeline infrastructure
systems and emergency management organizations. This planning effort will benefit system
owners and operators by improving the effectiveness of: (1) integrated asset management
planning to address aging and vulnerable components to enhance system-level resilience; and (2)
pre-disaster recovery plans for rapidly evaluating, repairing, and recovering the system after an
earthquake.

Task 5.1: Develop and Implement Pre-Disaster Recovery Plans

State, local, tribal, and territorial governments should incorporate recovery-based objectives into
existing plans such as Comprehensive Plans, General Plans, Emergency Operations Plans, Land
Use Plans, Infrastructure and Transportation Plans, Housing Plans, Economic Development
Plans, and plans related to the environment. Business continuity planning professionals should
be tapped to help communities integrate recovery-based objectives in their existing plans. A
mature field, business continuity planning has a national professional society, the Association of

1 hitps://www. 100resilientcities.org/strategies/
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Continuity Planners (ACP) and well-established standards, such as National Fire Protection
Association (NFPA) 1600 (NFPA, 2013), that explicitly mention planning scenarios. A
consistent focus on recovery-based objectives in the community’s existing planning documents
should enable better understanding of, and commitment to, reoccupancy and functional recovery.
Routine reviews of these planning documents should also ensure that the most current standards
and guidelines for recovery-based objectives are incorporated.

In addition to augmenting these existing plans with references to recovery-based objectives,
communities should consider developing and implementing a Community Resilience Plan using
the NIST Community Resilience Planning Guide (NIST, 2016a; NIST, 2016b). The first step of
the six-step resilience planning process is forming a collaborative planning team; the second step
is understanding the situation, of which conducting a resilience-based inventory is a key part
(Bonowitz, 2020). A resilience-based inventory of the community’s buildings and lifeline
infrastructure systems could be used to inform the implementation of Recommendations 2
through 4 in this report. Steps three through six of a Community Resilience Plan include
determining goals and objectives, developing the plan (evaluating gaps and choosing solutions to
close the gaps), reviewing and approving the plan, and implementing and maintaining the plan
(NIST, 2016a).

In addition to developing and implementing a Community Resilience Plan, communities should
incorporate recovery-based objectives into their Hazard Mitigation Plans. The Robert T.
Stafford Emergency Assistance and Disaster Relief Act requires that communities file, adopt,
and maintain approved Hazard Mitigation Plans to be eligible for FEMA post-earthquake aid for
public and non-profit facilities following the FEMA Local Mitigation Planning Handbook
(FEMA, 2013). These plans describe the community’s capabilities, define the applicable
hazards, assess the relevant risks, and propose a mitigation strategy that includes goals and
actions. While these plans do not directly impact privately-owned buildings and lifeline
infrastructure systems, they give communities an opportunity to understand their hazards and
risks and determine how best to plan for their recovery. Hazard vulnerability analysis and
scenario loss estimates should be used to help community leaders decide how to identify and
address the community’s specific priorities. Examples include the City of San Francisco’s
Community Action Plan for Seismic Safety (ATC, 2010) and the Oregon Resilience Plan
(OSSPAC, 2013). In these documents, planners identified target recovery states for facilities
providing key community functions, evaluated the ability of the built environment to meet these
targets, and recommended a series of actions to close the gap between targeted and evaluated
performance.

Incorporating recovery-based objectives in Hazard Mitigation Plans would provide a uniform
basis for assessing community capabilities and conducting risk assessments. To help make this
happen, FEMA could incorporate references to recovery-based objectives in its Local Mitigation
Planning Handbook with appropriate guidance as to how to apply them to the description of
community capabilities and risk assessment. A key benefit would be a clear statement of how
buildings and lifeline infrastructure systems support the community’s social institutions, yielding
a refined basis for pre-disaster recovery planning including the development of practical
alternative interim and adaptive solutions.
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Specific to lifeline infrastructure systems, a pre-disaster recovery plan for each lifeline
infrastructure system should:

e determine its post-earthquake functional recovery targets (considering community response
and recovery needs and dependencies and interdependence among lifeline systems);

e identify vulnerabilities within the system as well as gaps for meeting functional recovery
targets; and

e develop a sustained program to reduce vulnerabilities through upgrade or replacement of
critical components, or transformation and adaptation strategies to support functional
recovery goals as required.

The plan should provide a solid foundation for developing emergency response plans as well as
continuity of operations plans. As vulnerabilities are addressed through mitigation programs,
these plans should be updated.

The appropriate federal, state, local, tribal, and territorial government entities need to be
identified to help oversee a program for local plan development based on the different lifeline
infrastructure system sectors. For example, based on Congressional requirements through
America’s Water Infrastructure Act of 2018 (AWIA; P.L. 115-270'?), the Environmental
Protection Agency requires a risk and resilience assessment that is incorporated into emergency
response plans for all drinking water systems serving more than 3,300 people. Following the
recommendations of the Oregon Resilience Plan (OSSPAC, 2013), the Oregon Health Authority
goes further and requires owners of water systems with moderate to heavy damage potential
from a magnitude 9.0 Cascadia Subduction Zone earthquake to complete a seismic risk
assessment and mitigation plan as part of the existing requirements for updates to water master
plans. This has led to many Oregon water system owners making substantial investments to
design or upgrade system components to support post-earthquake recovery-based objectives.

Task 5.2: Create and Promote Seismic Continuity Programs

Communities comprise many different organizations and institutions, with varying ownership
structures. Buildings and lifeline infrastructure systems other than those owned by the local
jurisdiction are just as likely to be affected by an earthquake. This suggests that communities
should create and promote seismic continuity programs for building owners and tenants that will
help them to learn about and identify the risks most likely to affect their buildings. Such
programs should also enable stakeholders to develop pre-disaster recovery plans that include
appropriate mitigation and preparedness strategies and empower these stakeholders to take
action. Appendix D.1 describes some examples of seismic continuity programs.

Most critically, pre-disaster recovery plans should involve owners of buildings and lifeline
infrastructure systems whose closure or lack of availability due to earthquake damage, perhaps
by virtue of their size or occupancy, would have a significant negative impact on the community.
Ideally, the plans would focus on issues beyond post-earthquake assessments to: (1) anticipate
the type of building damage and disruption to building utilities and services that may occur due
to earthquakes; and (2) develop plans and strategies to expedite reoccupancy and functional

12 hitps://www.congress.gov/115/plaws/publ270/PLAW-115publ270.pdf
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recovery initially, followed by resumption of normal operations. All business tenants should be
aware of the plans and potential consequences for their ability to reopen or use the building
following an earthquake. In multi-family residential buildings, the plans should be developed in
collaboration with organizations representing the homeowners or residential tenants. Seismic
continuity programs should also include outreach to lifeline infrastructure systems and encourage
the development of business continuity and continuity of operations plans within each utility and
mobility sector.

While such a seismic continuity program for residential owners and tenants should enable
reoccupancy and functional recovery in the aftermath of an earthquake, other measures at the
community or local jurisdiction level may be needed to ensure adequate re-housing for
individuals whose housing may not meet recovery-based objectives. Community recovery
depends on people having housing that is safe and that meets their daily needs for access to
work, school, and more. Effective pre-disaster recovery plans include policies to ensure that
buildings and lifeline infrastructure systems will support people’s ongoing needs and desires for
housing, education, healthcare, public safety, governance, retail, recreation, and other services.
Because temporary shelters are unable to meet the long-term recovery-based needs of a
community (and often delay resumption of other critical services), SLTT governments should
consider actions for providing housing alternatives that can perform needed functions and restore
normalcy for all community members. Failure to do so can cause outmigration and cascading
impacts to the community.

Task 5.3: Expand and Improve Criteria, Guidelines, and Procedures for Post-
Earthquake Assessments and Evaluations

While the criteria, guidelines, and procedures for post-earthquake assessments and evaluations
exist, they need to be expanded and improved to take into account recovery-based objectives.
Timely evaluations for structural safety and habitability after an earthquake are critical to
reoccupancy and functional recovery for building owners, residents, and tenants. Building
assessments, often necessary for reoccupancy and the initial stages of functional recovery, can be
accelerated by planning to: (1) anticipate the specific types of damage that may occur in a
building through inventory and evaluation of the community’s building systems; (2) establish
criteria for closure related to the damage that occurs; (3) engage design professionals, building
contractors, construction workers, and supplemental jurisdictional staff; and (4) put programs in
place to expedite review of permit materials for building repairs or reconstruction.

Earthquake damage raises immediate questions and concerns as to whether buildings are safe to
reoccupy. Of primary concern is the structural integrity of the building and whether it is safe
from collapse under gravity loads, earthquake aftershocks, and other hazards. Beyond the risk of
structural collapse are life-safety concerns due to: (1) falling hazards from building facades,
ceilings, mechanical equipment, furnishings, and other building components; (2) leakage of
natural gas or other hazardous materials; (3) risk from fire that may be exacerbated by damaged
fire suppression and alarm systems; (4) impediments to building egress; and (5) impacted
emergency response capabilities from the neighboring community. To help allay the concerns of
building owners and occupants (e.g., residents, tenants, employees), it is critically important to
have guidelines and procedures in place to quickly conduct reliable assessments to evaluate
building safety. While the need for this is readily apparent, and guidelines for safety evaluations
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are available, preparedness for responding in a timely fashion varies widely among SLTT
jurisdictions. The cost of performing these evaluations is an allowable activity under the
Stafford Act and some activities may be reimbursable by FEMA (e.g., staff overtime, contracts
with outside entities who perform the evaluations).

Rapidly inspecting and evaluating buildings for safety and ability to provide services, while at
the same time continuing to observe relevant standards, is key to supporting the recovery-based
objectives of a community. Fortunately, there are a number of mechanisms for increasing the
speed of post-earthquake safety evaluations. Some involve development of policies and
procedures for long-term and sustained efforts, while others rely on temporary changes to
standards or staffing.

FEMA P-2055, Post-disaster Building Safety Evaluation Guidance (FEMA, 2019a), was
developed as required by the Disaster Recovery Reform Act of 2018, Section 1241: Post-disaster
Building Safety Assessment. It summarizes best practice guidance documents and provides
interim recommendations for issues without best practice guidance. FEMA P-2055 also
identifies recommended improvements, including: a primer for SLTT governments that have the
authority to set standards or policy related to the implementation of post-disaster evaluations;
information on protecting design professionals who volunteer as evaluators; and legislation to
create the authority to evaluate and post buildings, deputize evaluators, and restrict occupancy.

Guidance for post-earthquake safety evaluations of buildings are available, but communities may
not be aware of them or of the need for pre-event training of inspectors. Both federal and state
agencies can promote this information and provide training to local jurisdictions. Since some
jurisdictions already have programs in place, they may serve as a model for other states and
municipalities. Ideally, jurisdictions identify through their pre-disaster recovery planning efforts
which evaluation guidance best suits their communities’ buildings and lifeline infrastructure
systems, and then take steps needed to ensure that they are ready to use the guidelines. Failure to
take these actions prior to an earthquake can contribute to significant delays in community
recovery with attendant negative consequences.

A consistent set of guidelines and procedures for assessment and evaluation of lifeline
infrastructure systems does not exist and should be developed. Examples of assessment and
evaluation guidelines for buildings include:

o ATC-20, Procedures for Post-earthquake Safety Evaluation of Buildings (ATC, 1989; 1995)

o ATC-20-1, Field Manual: Post-earthquake Safety Evaluation of Buildings, Second Edition
(ATC, 2005)

o FEMA-352, Recommended Post-earthquake Evaluation and Repair Criteria for Welded Steel
Moment Frame Buildings (FEMA, 2000)

e FEMA-306, Evaluation of Earthquake Damaged Concrete and Masonry Wall Buildings
(FEMA, 1998)

e FEMA P-50, Simplified Seismic Assessment of Detached, Single-Family, Wood Frame
Dwellings (FEMA, 2012a)
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e FEMA P-1100, Vulnerability-Based Seismic Assessment and Retrofit of One- and Two-
Family Dwellings (FEMA, 2019b)

Proper planning, management, and implementation are essential if post-earthquake evaluation
programs are to work effectively. These activities include: training and certifying building safety
evaluators and evaluator supervisors; training building officials and emergency managers;
developing appropriate emergency management plans; and developing mutual aid resource
agreements. Organizing so that professionals from outside the jurisdiction can be incorporated
into response efforts can affect recovery efficacy and timeliness. Post-earthquake activities
include deployment safety, management, and prioritization of appropriate evaluators, effective
collection and reporting of data, and quality assurance oversight of field evaluators. Additional
post-earthquake activities include policies on re-evaluation triggers, policies on placards, proper
procedures for cordons and barricades, and communication strategies (FEMA, 2019a).

Even when jurisdictions are familiar with relevant safety evaluation guidelines, the reality is that
existing guidelines are not suited for evaluation of functional recovery. Appendix D.2 includes
brief descriptions of assessment and evaluation guidelines listed above. Appendix D.3 contains
information on the potential for seismic instrumentation and other smart technologies to affect
how post-earthquake evaluations are conducted.

Task 5.4: Plan for Sufficient Staffing to Expedite Post-Earthquake Recovery

FEMA P-2055 and other guidelines highlight the need for sufficient personnel to conduct post-
earthquake safety evaluations. Many communities do not have enough personnel trained to
perform post-earthquake safety evaluations or deal with other community recovery issues in a
timely manner. The process of pre-disaster recovery planning can help to highlight these staffing
issues and make them a priority for action before an earthquake occurs.

Implementation of pre-disaster recovery plans generally relies on having qualified personnel in
various departments and agencies responsible for the local government’s functions, such as
planning and development, public works, police and fire, emergency medical services, building,
public safety, community development, water, sanitation, environmental protection, roads and
streets, and more. Necessarily, then, the local jurisdiction must fund and staff its departments
and agencies sufficiently to enable all disaster management activities, including mitigation,
preparedness, response, and recovery. Moving to a focus on recovery-based objectives may
entail additional labor costs upfront to reduce costs and expedite recovery time in the aftermath
of an earthquake.

For example, a jurisdiction’s building department, typically responsible for enforcing building
codes and standards, will need enough staff members to engage in expanded plan review and
construction inspection both before and after an earthquake. A temporary increase in staffing
capacity after an earthquake may be needed to accomplish the department’s assessment and
evaluation tasks as expeditiously as possible. An effective pre-disaster recovery plan will
address the means for accomplishing this objective. One possibility is reassigning qualified staff
from services that are in less demand after an earthquake to those in higher demand. Another
possibility is expediting the process for making temporary hires or deputizing individuals in the
private sector. Another possibility would be the development of mutual aid agreements between
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jurisdictions and counties that are close enough to facilitate effective collaboration. Since
building codes and other regulations may vary by state, it may be more efficient for the
agreements to be between jurisdictions within the same state or territory. Yet another possibility
that should be considered in a community’s pre-disaster recovery plan is the ability to secure out-
of-state personnel through existing Emergency Management Assistance Compact (EMAC)"3,

To facilitate timely evaluations that enable recovery-based objectives, government jurisdictions
need sufficient staffing capacity. They should consider enacting legislation and regulations that
will enable Good Samaritans or volunteer professional inspectors (i.e., volunteer engineers,
architects, and certified building inspectors) to provide post-earthquake safety evaluation
services without fear of professional liability. The same legislation should cover Non-
Governmental Organizations (NGOs) that organize and train volunteers to conduct post-
earthquake safety evaluations. States should also consider developing statewide programs for
deputizing volunteer design professionals and building officials to perform post-earthquake
safety evaluations. Efforts such as these will expedite reoccupancy and functional recovery
while also allowing local jurisdictions to maintain manageable and affordable staffing levels
when the community is not recovering from an earthquake. An example of such a program is the
Safety Assessment Program (SAP) administered by California’s Office of Emergency Services
(Cal OES).'"* SAP evaluators inspect facilities to determine if there are safety hazards to
building occupants or to the general public and recommend posting of placards that indicate the
condition of each structure evaluated.

Task 5.5: Develop and Implement Building Occupancy Resumption Programs

In the immediate aftermath of an earthquake, people want to know if it is safe to reenter their
buildings. One approach to making this information available and expediting post-earthquake
recovery is to encourage the development and implementation of building occupancy resumption
programs. Building occupancy resumption programs are typically a joint responsibility shared
by the local jurisdiction and building owners or major tenants. A key feature is having a private-
sector engineer on retainer to immediately conduct a building safety evaluation shortly after an
earthquake. Contracting with a local engineering firm before an earthquake can reduce the
waiting time for evaluation, and if the building is safe, allows the building to be reoccupied
without waiting for the local jurisdiction’s staff to inspect the building.

At least two different models exist that allow building owners to contract with private-sector
engineers. The most well-known model is based on the Building Occupancy Resumption
Program (BORP) originally created by the City and County of San Francisco in cooperation with
the Structural Engineers Association of Northern California, the local chapters of the Building
Owners and Managers Association, and the American Institute of Architects. This voluntary
program was established based on the experience of delays following the 1989 Loma Prieta
earthquake. Similar programs include Southern California’s Back to Business (B2B)'® and

13 https://www.emacweb.org/

14 https://www.caloes.ca.gov/cal-oes-divisions/recovery/disaster-mitigation-technical-support/technical-
assistance/safety-assessment-program

15 B2B: http://structuralfocus.com/blog/leading-the-way-in-post-earthquake-recovery-established-back-to-business-

b2b-programs/
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Seattle’s Advisory Tag System'®, created by the City of Seattle in cooperation with the
Washington Association of Building Officials and the Structural Engineers Association of
Washington. Both models are designed to allow building owners to get reoccupancy information
in shorter timeframes than a local jurisdiction’s staff is likely to be able to provide. Appendix
D.4 offers more details on these programs.

Task 5.6: Develop Alternative Standards for Temporary Habitability to Facilitate
Reoccupancy

In the aftermath of an earthquake, communities want as many of their residents as possible to be
able to shelter in place in their homes. Although a home may be structurally safe to allow for
reoccupancy, it may be considered “unsafe or substandard under the applicable codes, because it
doesn’t meet existing minimum standards for health and safety for residential housing in non-
emergency times” (SPUR, 2012). Pre-disaster recovery plans should address alternative
standards for temporary habitability of damaged residences so that residents are able to stay in
their homes, thereby increasing the likelihood that they will choose to remain in the community.

Minimum or alternative habitability standards are intended to establish criteria and procedures
whereby current building code requirements for habitability can be waived for a limited period of
time to minimize resident displacement during repairs (SPUR, 2012). Alternative habitability
standards enable reoccupancy of residential buildings that would otherwise be unavailable until
repairs are completed. They may, for example, relax certain requirements for egress routes or
electric power. Alternative habitability standards should reduce the need for emergency shelters
and interim housing while also maintaining an adequate population to enable community
recovery.

The challenge in developing such standards lies in balancing the increased risks associated with
relaxed requirements (e.g., life-safety risks due to fire, extreme heat), especially with ongoing
aftershocks, with the benefits of reduced disruption and shorter reoccupancy times. The
development of alternative habitability standards should consider input from building officials,
emergency response personnel, and others, while carefully considering the risk trade-offs. The
standards would need to differentiate between different types of buildings and residences (e.g.,
single-family houses, low-rise multi-family apartments and condominiums, student dormitories,
high-rise apartments, and condominiums). FEMA P-2055 provides examples of temporary
habitability standards, key questions that need to be addressed in developing temporary
standards, and options for implementation.

16 Seattle Advisory Tag System: https://www.wabo.org/assets/SEAWPapers/wabo-seaw%20wp-5%20final%20.pdf
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Chapter 6

Enable Action with Education and
Financial Resources

Demand by government officials, construction industry professionals, building owners and
managers, lifeline infrastructure system owners and managers, tenants, building and lifeline
infrastructure system users, and members of the public will need to reach a critical threshold for
uptake of voluntary measures and for regulatory change with regard to recovery-based
objectives. Demand is facilitated by effective education and outreach that enhances awareness
and understanding of earthquake risk and the expected performance of a community’s buildings
and lifeline infrastructure systems. Education and outreach efforts need to take into account the
pre-existing knowledge and perceptions of different stakeholder groups as well as their
propensity to change and adopt new ways of thinking and acting. Financial resources supplied
by both public and private sources are needed to implement the design, construction, and
retrofitting actions and pre-disaster recovery planning that expedite reoccupancy and functional
recovery in the aftermath of an earthquake.

ECOMMENDATION 6: Provide Education and Outreach to Enhance Awareness and
Understanding of Earthquake Risk and Recovery-Based Objectives

For a myriad of reasons, people across the United States underestimate risks from natural
hazards, particularly low frequency events like earthquakes, and their resulting consequences. In
addition, many do not understand what building codes are intended to achieve or that some
number of buildings are not likely to be functional or even occupiable after an earthquake. Thus,
education and outreach are needed to enhance awareness and understanding of earthquake risk as
well as what improvements may be possible via recovery-based objectives.

Change in design and construction for new buildings and lifeline infrastructure systems, as well
as maintenance and retrofit of existing buildings and lifeline infrastructure systems, is driven in
part by public demand for a certain level of performance. With respect to earthquake risk and
knowledge of potential earthquake impacts on buildings and lifeline infrastructure systems,
community public awareness continues to lag behind that of design and construction industry
professionals. Many average citizens and government officials at all levels (federal, state, local,
tribal, and territorial) believe that buildings “built to code” provide more than life safety; many
think they will be able to reoccupy these “built to code” buildings almost immediately after an
earthquake, not realizing that current codes and standards are not designed with recovery-based
objectives in mind. Similarly, many people assume that lifeline infrastructure system services
will be available immediately following an earthquake without realizing this may not be the case.
Informed awareness and understanding of the risk and benefits would enable communities to
make rational decisions about how new buildings and lifeline infrastructure systems should be
designed and constructed, and how existing buildings and lifeline infrastructure systems should
be retrofitted or maintained in line with Recommendations 2 through 4.
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Task 6.1: Educate Building and Lifeline Infrastructure System Stakeholders about
Earthquake Risk and Recovery-Based Objectives

Building and lifeline infrastructure system owners and managers, tenants, customers, and users —
all citizens — need information on earthquake risk, common secondary hazards triggered by
earthquakes, and associated cascading effects. They also need to be aware of mitigation
strategies for achieving recovery-based objectives, and the associated costs and benefits need to
be conveyed using terms that make sense to everyone, not just technical professionals. In
general, education efforts should focus on communicating risks and solutions in a way that is
both accessible and actionable (e.g., FEMA, 2018c). Technical jargon, while accurate, creates
gaps in awareness and understanding, and a lack of action on the part of those who are not
familiar with the terminology.

Education can take many forms. It could range from interactive school programs in Pre-K
through Grade 12 schools, to social media campaigns directed at all members of the public.
With respect to the latter, public service announcements and a social media campaign similar to
“Drop, Cover and Hold” should be a part of a nationwide earthquake awareness program.
However, oversimplification of messaging could lead to negative unintended consequences, and
developers of messaging should be careful to include critical information while also recognizing
that industry-specific jargon will not be understood by most lay audiences. Research into the
most effective messaging for complex subjects should be reviewed prior to implementation of
such messaging. Messaging should focus on the benefits of the community adopting a focus on
recovery-based objectives rather than on the negatives of maintaining the status quo.

Another campaign could take an insurance focus and dispel myths such as: (1) a homeowner’s
insurance policy covers earthquakes; (2) the government will rebuild their home after an
earthquake; (3) earthquake insurance covers losses resulting from fire, explosion, flood, or
tsunami following a covered seismic event; and (4) earthquake insurance covers pools, fences,
walls, and other miscellaneous structures. Knowledgeable experts should be interviewed about
reoccupancy and functional recovery, particularly as these relate to specific communities.
Documentaries and short videos should be made and shared through YouTube and other popular
streaming services. Apps that allow users to determine whether a given structure meets
recovery-based objectives should be developed for download by individuals.

Stakeholders need transparent information about how their buildings and lifeline infrastructure
systems will perform under various possible earthquakes. New building rating systems could be
developed, or existing building rating systems (e.g., SEAONC Earthquake Performance Rating
System (EPRS)!7, U.S. Resiliency Council (USRC)!®, and Arup’s Resilience-Based Earthquake
Design Initiative (REDi™) Rating System'?) could be modified or enhanced to address both
reoccupancy and functional recovery as separate concepts. The SEAONC EPRS is free and
available to the public, while both the USRC and REDi™ rating systems are proprietary. At
present, both the SEAONC EPRS and USRC system address functional recovery but not
reoccupancy. REDi™ addresses both functional recovery and reoccupancy but combines them

17 Earthquake Performance Rating System ASCE 31 Translation Procedure (2015)
https://www.seaonc.org/page/Publications

18 http://usrc.org/
19 https://www.arup.com/perspectives/publications/research/section/redi-rating-system
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into a single metric called “downtime,” rather than distinguishing them as separate performance
goals. Corresponding lifeline infrastructure rating systems are not readily available, but some
efforts are underway (e.g., the Federal Highway Administration resilience framework for bridges
and transportation structures project).

As part of pre-disaster recovery planning, community workshops and meetings could be used to
educate people about recovery-based objectives and to ascertain their priorities. Such workshops
should engage a wide variety of community stakeholders, including those representing schools,
healthcare, financial institutions, insurance companies, social institutions, non-profits, local and
state governments, business and industry, utilities, commercial and multi-family residential
building owners, and homeowners. In these forums, lifeline infrastructure systems owners and
operators should share and justify their expected recovery times for scenario events. Everyone
participating in these educational efforts should emerge with a clear understanding of the risks,
opportunities for mitigation, costs and benefits, and what their role should be in determining and
adopting the standards and guidelines for reducing the negative consequences of earthquakes.

Task 6.2: Educate Design and Construction Industry Professionals about
Earthquake Risk and Recovery-Based Objectives

Design and construction industry professionals and their associations have the potential to play a
key role as catalysts in moving toward recovery-based objectives. These individuals include
engineers, architects, urban planners, lifeline infrastructure systems owners and operators,
contractors, and construction managers. They need to be aware of, and knowledgeable about,
reoccupancy and functional recovery and the means for designing, constructing, and retrofitting
to meet recovery-based objectives. They also need to be able to communicate the benefits of
reoccupancy and functional recovery to end-users and implement the actions needed to achieve
the desired performance. As a first step, the undergraduate and graduate curricula of colleges
and universities for design and construction industry professionals should be modified to
integrate recovery-based design concepts. The speed and efficacy of this change will depend on
teacher-scholars being aware of, and committed to, researching and teaching these concepts.

Beyond their formal schooling and certifications, design and construction industry professionals
will need to rely upon continuing education to learn about recovery-based objectives in the same
way that they currently learn new information. Many individuals in the design and construction
industry belong to their industry’s professional association; examples include: AIA, APA,
APTA, APWA, AREMA, ASCE, ASME, AWWA, DFI, ICC, IEEE, and NCSEA.?° In addition,
there are relevant research organizations such as the Earthquake Engineering Research Institute
(EERI), the Water Research Foundation (WRF), the Pipeline Research Council International
(PCRI), and the Electric Power Research Institute (EPRI) that accomplish similar goals.

20 ATA — American Institute of Architects, APA — American Planning Association, APTA — American Public
Transportation Association, APWA — American Public Works Association, AREMA — American Railway and
Maintenance of Way Association, ASCE — American Society of Civil Engineers, ASME — American Society of
Mechanical Engineers, AWWA — American Waterworks Association, DFI — Deep Foundations Institute, ICC —
International Code Council, IEEE — Institute of Electrical and Electronics Engineers, NCSEA - National Council of
Structural Engineers Association
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Design and construction industry professional associations could be a quick channel for reaching
many technical professionals. Association meetings could be used for information sharing and
education about recovery-based objectives. Education seminars and webinars could be provided
that also reward attendees with requisite continuing education credits. Case studies could be
used to inform clients about design and construction practices that differ from, or exceed, code
minimums. Similarly, design and construction industry professional associations should advise
lifeline infrastructure systems owners and operators on improving their capability for post-
earthquake service restoration. Association codes of ethics should be reviewed for reference to
earthquake risk and recovery-based objectives. Model language for consideration by
professional associations should be developed to influence the standard of care for recovery-
based objectives.

Licensing boards of each state and commonwealth govern the practice of certain building and
lifeline infrastructure system design professionals such as architects and engineers. The National
Council of Architectural Registration Boards (NCARB) and National Council of Examiners for
Engineering and Surveying (NCEES) are two organizations that advance the professional
licensure of architects, engineers, and surveyors. Not only do these councils set the minimum
education and experience requirements and create the examination for licensure, they also
propose model law for continuing education requirements of current practitioners. The requisite
number of continuing education hours on an annual basis is governed at the state level.
Separately, professional associations also require a certain number of hours to maintain
membership and provide continuing education. Incorporating reoccupancy and functional
recovery concepts into the examination and continuing education process would allow design
professionals to address the needs of existing buildings and to better achieve recovery-based
objectives and the resilience of the community.

Government officials, including those at the federal, state, local, tribal, and territorial levels, code
officials, transportation departments, public utilities and commissions, and those involved in
emergency response activities, represent another constituency that could benefit from education
and training about recovery-based objectives. While these individuals will be educated as
private citizens, others will receive additional education and training through their participation
in professional associations (e.g., city planners who are members of the APA, and code officials
who are members of ICC). In addition to these mechanisms, these individuals should also
participate in continuing education opportunities targeted at government officials. Opportunities
should include webinars, professional conference and meeting presentations, interagency task
force meetings, regional coalition meetings, and electronic and printed materials that might be
developed at the national level by federal agencies such as FEMA, NIST, or HUD.

COMMENDATION 7: Facilitate Access to Financial Resources Needed to Achieve
Recovery-Based Objectives

Mitigation saves lives and livelihoods (NIBS, 2019a). The probability of mitigation increases as
the financial resources needed to facilitate mitigation are created and made available. A shift to
a focus on recovery-based objectives will cost money. Those who will bear these costs must
have access to the financial resources needed to make such a shift. Existing mechanisms to
facilitate access to needed financial resources should be augmented with newly developed and
implemented mechanisms.
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The costs associated with recovery-based objectives are incremental relative to the costs
associated with the current safety-based criteria for designing new, retrofitting existing, or
repairing damaged buildings or lifeline infrastructure systems. Potential cost increases for
design of new buildings and retrofit of existing buildings are discussed in Chapter 1. Cost
increases range from effectively zero (in cases where current design practice already yields
buildings and lifeline infrastructure systems that satisfy recovery-based objectives) to
approximately 3% (in new construction where enhanced seismic design is necessary), or, more
significant increments depending on the recovery-based objectives selected for retrofit of
existing buildings.

Where higher incremental costs are incurred, they will typically come in the form of labor,
materials, and financing. Specifically, these costs will fall into one of several categories,
including planning and feasibility studies, architectural and engineering design, construction,
insurance and taxes, and inspection and testing (Hendrickson, 2008). Operating and
maintenance costs in subsequent years over the project’s life cycle will include labor and
material for maintenance and repairs, periodic renovations, insurance and taxes, and financing
costs (Hendrickson, 2008).

Although shifting to a focus on recovery-based objectives will likely increase upfront capital
costs to an incremental degree, future losses associated with damage and business interruption
will likely decrease, and would be expected to offset higher initial construction costs. Operating
costs could also decrease as insurance premiums might be adjusted downward and financing
costs might be lower in response to an enhanced likelihood of achieving recovery-based
objectives after an earthquake. Additional research is needed to quantify these costs, all of
which will be affected by building type, functions provided, geographical location, materials
used, and more. Those who will bear these costs include taxpayers for government-owned
buildings and lifeline infrastructure systems, private owners, tenants, financial institutions,
insurance companies, clients, and end-users.

Regardless of the specific costs and the ownership of those costs, sufficient and timely financial
resources will be needed to implement recovery-based objectives. For communities in which
there is potential for a major earthquake, it is important to investigate, clarify, and facilitate
access to pre-disaster and post-disaster financial resources that are available.

Task 7.1: Develop and Deploy Pre-Disaster Financial Mechanisms to Achieve
Recovery-Based Objectives

The ongoing development and deployment of pre-disaster financial mechanisms are needed to
provide the financial resources necessary to implement recovery-based objectives in
communities before earthquakes happen. Some building owners, particularly those with higher
incomes and those in higher-risk areas who are aware of such risks, may implicitly value, and
more readily afford, design and construction that complies with recovery-based objectives. In
one study, for example, building owners paid up to 6% higher purchase prices for above-code
design (Awando et al., 2016). To make recovery-based objectives more sought-after by a greater
number of people, regardless of their socioeconomic status, basic economic theory suggests
reducing owner cost, increasing owner demand, or both.
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Unfortunately, demand alone may not yield sufficient action in a community to change its
resilience profile, and some incentives may be needed to cause a meaningful change in behavior.
The essence of recovery-based incentivization is to make it cost less for owners to demand
higher performing buildings and lifeline infrastructure systems. A way to do this is to offset
owner costs using financial incentives, insurance discounts, and public-sector assistance.

While lower costs may increase uptake of desired measures, the relationship between uptake and
cost can vary. For example, since vulnerable and historically underserved populations may not
be able to afford additional costs themselves, their cost might be completely offset with lending
and insurance incentives and public-sector assistance to result in substantial uptake. For owners
with more financial resources, more modest incentives might suffice, with the various monetary,
safety, and psychological benefits of resilience driving up demand.

Rather than hope that all building and lifeline infrastructure system owners will be willing to
assume higher prices, a variety of mechanisms might be developed and deployed to facilitate
recovery-based objectives. These mechanisms include “public private partnerships, incentive
systems implemented through public policies, government grant programs, conservation
easements, tax-increment financing, and incentive zoning” (Sattar et al., 2018). In a 2015 report,
the Multi-Hazard Mitigation Council (MMC) of the National Institute of Building Sciences
(NIBS), in conjunction with the Council on Finance, Insurance and Real Estate (CFIRE),
proposed an interlocking system of incentives from the private and public sectors that would
return some of the benefits of natural hazard mitigation to owners to incentivize retrofit or
above-code design. The report described several incentives-based approaches to resilience,
organized by decision makers (e.g., homeowners, businesses, utilities) and those who offer
incentives (e.g., insurance and finance-related companies, lenders, foundations, communities,
and federal and state agencies) (NIBS, 2015).

Similar approaches could be used to incentivize recovery-based objectives as well as resilience
(NIBS, 2015). For example, in exchange for incorporating recovery-based strategies,
homeowners could be offered reduced insurance premiums; federal, state, or local grants or
loans; tax incentives; and mortgage programs that include upgrades for mitigation. Businesses
could be offered interest rate reductions on loans; insurance rate reductions; tax incentives and
fee waivers; and federal, state, or local grants or loans. Larger businesses might be offered
higher corporate bond ratings, recovery-based Real Estate Investment Trusts (REITs) and private
equity real estate funds, and recovery-based bonds. Ultilities could be offered reduced insurance
premiums; a public utility commission policy that allows for small rate increases; enhanced bond
ratings; and federal, state, or local grants or loans. Public private partnerships that rely on
private equity investments added to public investments might also enable recovery-based
objectives for lifeline infrastructure systems. These efforts would not only yield lower costs,
they would also send a clear signal to the community (i.e., government officials, building
industry professionals, building owners and managers, lifeline infrastructure systems owners and
operators, and private citizens) about the value and importance of thinking about recovery-based
objectives before an earthquake.

In terms of federal programs that might incentivize recovery-based objectives, FEMA currently
administers three applicable programs that provide funding for eligible earthquake mitigation
planning and projects that reduce disaster losses and protect life and property from damage in
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future disasters. The three programs are the Hazard Mitigation Grant Program (HMGP), the
Flood Mitigation Assistance (FMA) Program, and the Pre-Disaster Mitigation (PDM) Program
(which was replaced by the Building Resilient Infrastructure and Communities (BRIC) grant
program, as noted below). The HMGP assists in implementing long-term hazard mitigation
planning and projects following a Presidential major disaster declaration.?!’ HMGP funding is
generally 15% of the total amount of federal assistance provided to a state, territory, or federally
recognized tribe following a major disaster declaration. The PDM provides funds for hazard
mitigation planning and projects on an annual basis.?? Up until FY 2018, PDM funding
depended on the amount Congress appropriated each year. Individual homeowners and business
owners may not apply directly to FEMA. Instead, eligible local governments may apply on their
behalf.?

As useful as these programs have been, even greater focus on pre-disaster mitigation at the
federal level is occurring. The Disaster Recovery Reform Act of 2018 (DRRA) passed important
reforms to federal disaster programs and amended many sections of the Robert T. Stafford
Disaster Relief and Emergency Act, including Section 203, Pre-Disaster Mitigation.?* These
reforms acknowledge the shared responsibility of disaster response and recovery, aim to reduce
the complexity of FEMA, and build the nation’s capacity for the next catastrophic event. This
includes National Public Infrastructure Pre-Disaster Hazard Mitigation (Section 1234), which
authorizes the National Public Infrastructure Pre-Disaster Mitigation fund. This will be funded
through the Disaster Relief Fund as a 6% set-aside from estimated disaster grant expenditures,
which allows for a greater investment in mitigation before a disaster.?> This new program is
named Building Resilient Infrastructure and Communities (BRIC) and replaces PDM. As a
federal disaster mitigation program, BRIC will focus on reducing the nation’s risk by funding
public infrastructure projects that increase a community’s resilience before a disaster affects an
area.”® In conjunction with other private-public incentives, the BRIC program should facilitate
the achievement of recovery-based objectives in communities throughout the United States.

Task 7.2: Develop and Deploy Post-Disaster Financial Mechanisms to Achieve
Recovery-Based Objectives

Swift access to financial resources after an earthquake is a useful and necessary supplement to
the pre-earthquake design, construction, and retrofit of buildings and lifeline infrastructure
systems focused on recovery-based objectives. The development and deployment of additional
post-disaster financial mechanisms are needed to provide the financial resources necessary to
expedite post-earthquake recovery.

While buildings and lifeline infrastructure systems retrofitted or constructed to achieve recovery-
based objectives are more likely to be occupiable and serve their intended functions after an
earthquake, there is no such thing as “earthquake-proof” design and construction. Even in the
best-case scenario, financial resources will be needed as part of post-earthquake recovery.

21 https://www.fema.gov/hazard-mitigation-grant-program

22 https://www.fema.gov/pre-disaster-mitigation-grant-program

2 https://www.fema.gov/hazard-mitigation-assistance

24 https://www.fema.gov/robert-t-stafford-disaster-relief-and-emergency-assistance-act-public-law-93-288-amended
5 https://www.fema.gov/disaster-recovery-reform-act-2018

26 https://www.fema.gov/drra-bric
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However, buildings and lifeline infrastructure systems designed with recovery objectives in mind
should require fewer financial resources to bring them back into service, resulting in reduced
post-earthquake costs for all who would bear them (e.g., government, owners, tenants, clients,
and end-users).

The current U.S. model for funding disaster recovery is a mixture of federal programs, private
borrowing and savings, private developers, charity, and private insurance. While many federal
agencies are involved in some form of recovery grants and loans, the primary funding agencies
are FEMA, the Department of Housing and Urban Development (HUD), and the Small Business
Administration (SBA). Most government assistance is targeted to publicly owned buildings and
lifeline infrastructure systems. Private-sector business owners typically rely on insurance or

private finance to pay for repairs. Businesses that qualify may also seek assistance from the
SBA.

The current practice with respect to access to private capital could be improved by encouraging
partnering with lenders and insurance companies to ensure those affected by an earthquake can
quickly begin the repair process. Activities to support this goal could include new developments
encouraging private mortgage companies to consider: (1) the creation of a disaster repair fund by
adding additional basis points to the mortgage — an alternative that could lead to the unintended
negative consequence of reducing housing affordability by making mortgages more expensive;
or (2) possibly developing guidance for pre-arranged repair loans that would be available in the
aftermath of an earthquake for buildings designed or retrofit to meet recovery-based objectives.
Another possibility would be to encourage private lenders — or even the Federal Housing
Administration, the Federal Home Loan Mortgage Corporation (i.e., Freddie Mac), or the
Federal National Mortgage Association (i.e., Fannie Mae) — to develop a “resilience mortgage”
along the lines of that proposed in a concept paper from the NIBS Multihazard Mitigation
Council (MMC) (NIBS, 2016).%”

Besides private capital, other sources of financial resources that may be used to expedite
recovery after an earthquake are those provided by the federal government. Many agencies are
involved in recovery support after a federally declared disaster. These include the Corps of
Engineers, the Departments of Agriculture, Commerce, Defense, Education, Energy, Health and
Human Services, Homeland Security, Housing and Urban Development, Justice, Labor,
Transportation, State, Interior, Treasury, Veterans Affairs, the U.S. Office of Personnel
Management, and the Social Security Administration. As mentioned previously, the major
providers of disaster assistance in the form of funding to individuals and businesses are FEMA,
HUD, and the SBA. FEMA is the primary source of funding for repair of publicly owned
buildings and lifeline infrastructure systems.

Enhancing access to these agencies and department resources could take a variety of forms, from
further streamlining existing programs to reduce the time for receipt of funds, to developing a
Federal Case Management System and single application form that would simplify the process
for applicants and speed assistance, to developing a special fund for affordable housing loans to
non-profit housing developers available after earthquakes to finance the repair and replacement
of affordable housing. Ideas to address the disproportionate impacts of earthquakes and other

27 https://cdn.ymaws.com/www.nibs.org/resource/resmgr/mmc/MMC_IncentivizationWB_Add.pdf
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disasters on vulnerable and historically underserved populations are discussed by experts
participating in the Wharton School’s Digital Dialogue Number 4: Improving the Disaster
Recovery of Low-Income Households.?

All of these actions would be in addition to the steps taken to launch https://www.disaster
assistance.gov/, the website for the Disaster Assistance Improvement Program (DAIP), created in
response to Executive Order 13411 in 2006 by former President George W. Bush. DAIP’s
mission is to “provide disaster survivors with information, support, services, and a means to
access and apply for disaster assistance through joint data-sharing efforts between federal, state,
local, tribal, territorial, and private sector partners.”?

Finally, earthquake insurance can be used to facilitate recovery after an earthquake. Currently,
earthquake insurance is voluntary and available to those who choose to purchase it, which is a
relatively low percentage of the population (Lazarus, 2019). Earthquake insurance premiums
can be less for policyholders who have seismically retrofitted their buildings. For example, the
California Earthquake Authority (CEA)*, established by the California legislature in 1996 as a
privately financed, publicly managed risk bearer, provides most residential earthquake insurance
in California. It offers earthquake insurance discounts up to 25% for residential retrofits.>!
Those interested in purchasing earthquake insurance from CEA do not purchase it directly;
rather, they buy it from insurance companies that are members of CEA. Even with support from
CEA, earthquake insurance has become prohibitively expensive since the mid-1990s (after the
1994 Northridge, California earthquake). As a result, only 10 to 11 % of homeowners and
owners of commercial buildings in California carry earthquake insurance (Lazarus, 2019).
Instead, most rely on a combination of limited federal assistance and loans arranged through
banks. Very few have the savings to cover disaster repairs.

Traditional earthquake insurance policies are considered problematic for many reasons including
delays in receiving funds (Hayward, 2018), high deductibles, high premiums, and limited
coverage, and a focus on building back to pre-earthquake conditions rather than building back
better. These issues pertain to insurance for both buildings and lifeline infrastructure systems.
One step to address these issues would include educating the private insurance market on
earthquake hazards and how the risk could be reduced through adoption and enforcement of
building codes and retrofit programs with recovery-based objectives.

A variety of additional mechanisms might be employed to address issues of turnaround time,
high deductibles, high premiums, limited coverage, and funds that are restricted to building back
to pre-earthquake conditions. For example, insurance companies could be encouraged and
incentivized to improve turnaround time for processing claims and issuing payments to
earthquake insurance policyholders after an earthquake. Insurance companies could establish
seismic retrofit triggers for earthquake insurance policies covering seismically vulnerable
buildings in very high seismic areas. Insurance policies could explicitly allow for code upgrades

28 https://riskcenter.wharton.upenn.edu/digital-dialogues/improvingdisasterrecovery/

2 https://www.disasterassistance.gov/about-us/overview

30 California Earthquake Authority: https://www.earthquakeauthority.com/

31 https://www.earthquakeauthority.com/California-Earthquake-Insurance-Policies/Earthquake-Insurance-Policy-
Premium-Discounts
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and include dollar amounts needed to fund or subsidize building back better in the case of both
buildings and lifeline infrastructure systems.

Insurance companies could also reimagine and explore multi-hazard insurance to balance costs
and risk across geographic areas and hazards, recognizing that many disasters are a function of
multiple hazards happening simultaneously or as a result of each other (e.g., fire following an
earthquake, tsunami following an earthquake, flooding following a hurricane). Insurance
companies might partner with non-government organizations and government agencies to
research how multi-hazard insurance could be administered, what it would cost to implement,
how homeowners and businesses would qualify for insurance, and whether it would be
economically feasible.

Insurance companies could also explore and encourage other types of insurance plans such as
parametric insurance (Elliott, 2019) and blockchain insurance (Schmid, 2018) to speed up
payment times and expedite recovery. Parametric insurance provides a pre-defined payout when
a certain level of ground shaking is experienced at the insured location. There is not a claim
adjustment process, so payouts can happen almost immediately after an event. The policies are
relatively inexpensive compared to regular earthquake insurance, but their payouts are also quite
modest. They are not intended to compensate for significant property damage, but to address
disruption issues and infuse money into the system immediately. There are typically no
deductibles, which counters one major reason why homeowners don’t purchase traditional
insurance; that is most people’s loss will not exceed the large (e.g., 20%) deductible of
traditional insurance. As described in a recent report by the Oregon Seismic Safety Policy
Advisory Commission, there may be potential to develop a parametric product that better meets
the needs of most homeowners who have modest monetary losses to their property (OSSPAC,
2018).
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Chapter 7

Assessment and Conclusions

Elected officials, public policy decision-makers, community resilience advocates, and other
stakeholders will be choosing between the relative costs, benefits, strengths, and weaknesses
associated with each decision on a path toward improving the seismic performance of buildings
and lifeline infrastructure systems. This chapter describes a basis for comparing the
recommendations, tasks, and alternatives provided in this report, delivers a qualitative
assessment, identifies potential roles for stakeholders involved in implementation, and suggests a
path forward.

7.1 Qualitative Assessment of Recommendations and Alternatives

Detailed, quantitative assessment of costs and benefits associated with the recommendations,
tasks, and alternatives is a necessary step, but beyond the scope of this report. Instead,
recommendations, tasks, and alternatives have been qualitatively assessed based on the
experience and judgement of the Committee of Experts. A consistent set of metrics was selected
as a basis for comparison using input from the five stakeholder workshops (Appendix A.2),
available studies, such as the Natural Hazard Mitigation Saves: 2019 Report (NIBS, 2019a), and
the experience and judgement of the Committee of Experts.

Qualitative, comparative assessments are provided in Tables 7-1 through 7-4. Footnotes in each
table provide additional clarification and discussion. Assessment of the recommendations
assumes that all tasks are completed. As a result, the tasks are not individually assessed. Where
recommendations include alternatives for implementation, an assessment of the individual
alternatives is provided. Assessment was performed considering the relative effectiveness,
feasibility, cost, and time for development among the recommendations, tasks, and alternatives.
The basis for these metrics, and the criteria for measurement, are described below.

o Effectiveness (Long-term, Community-level). Considers the contribution of the
recommendation or alternative toward the ability of buildings and lifeline infrastructure
systems to meet recovery-based objectives and support community resilience goals.

Units: Low (limited, minimal, or no improvement in recovery-based performance or ability
to meet recovery-based objectives and community resilience goals); Medium
(partially improves recovery-based performance or ability to meet recovery-based
objectives and community resilience goals); High (significantly contributes to
improvement in recovery-based performance or ability to meet recovery-based
objectives and community resilience goals)

¢ Feasibility (Technical, Practical, and Political). Considers level of difficulty in
implementation, including challenges associated with technical (state of knowledge,
analytical procedures, design approaches, and construction techniques), practical (cost
effectiveness), and political (adoptability, enforceability, palatability) issues.
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Units: Easy; Moderate; Difficult

e Cost (Long-term, Community-level). Considers long-term, overall financial costs across
an entire community, including costs for development of provisions and programs, costs for
implementation and adoption, and cost of construction.

Units: Low; Medium; High

e Time (for Development). Considers the time required for development of technical
provisions, adoption of programs, and acquisition of necessary resources prior to initiation of
improvements to the built environment.

Units: Short (less than 5 years); Intermediate (5 to 10 years); Long (more than 10 years)

Table 7-1 Assessment of Recommendations

Recommendation Effectiveness Feasibility Cost Time
Rec 1: Develop a Framework for Short t
Post-Earthquake Reoccupancy and High Easy Low Lgn °
Functional Recovery Objectives (") 9
Rec 2: Design New Buildings to Low to Easy to Low Short to
Meet Recovery-Based Objectives @ High Difficult Long
Rec 3: Retrofit Existing Buildings to Low to Easy to Medium to Short to
Meet Recovery-Based Objectives ) High Difficult High Intermediate
Rec 4: Design, Upgrade, and
Maintain Lifeline Infrastructure Low to Easy to Medium to Intermediate to
Systems to Meet Recovery-Based High Difficult High Long
Objectives 4
Rec 5: Develop and Implement Pre-
Disaster Recovery Planning Medium to Easy to Low Short to
Focused on Recovery-Based High Moderate Intermediate
Objectives ©®
Rec 6: Provide Education and
Outreach to Enhance Awareness
and Understanding of Earthquake Low Easy Low Short
Risk and Recovery-Based
Objectives
Rec 7: Facilitate Access to
Financial Resources Needed to Medium Easy to Low to Short to
Achieve Recovery-Based Moderate Medium Intermediate

Objectives ©

Note 1: The effectiveness of Recommendation 1 assumes that all tasks are completed, and reflects the enabling
nature of the recommendation as a critical prerequisite for the effectiveness of other recommendations. The
time assessment for Recommendation 1 recognizes that progress can be made locally in the short term, but
progress at the national level will occur in the long term.

Note 2: Ranges for Recommendation 2 depend on the alternative selected. See Table 7-2 for the assessment of

individual alternatives.

Note 3: Ranges for Recommendation 3 depend on the alternative selected. See Table 7-3 for the assessment of
individual alternatives. Assessment assumes a reoccupancy objective for most existing buildings (except for
essential services) and state or local adaptation of available criteria, rather than waiting for a new national

standard.
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Note 4:

Note 5:
Note 6:

Ranges for Recommendation 4 depend on the alternative selected. See Table 7-4 for the assessment of
individual alternatives.

Ranges for Recommendation 5 depend on the availability of existing plans.
Ranges for Recommendation 7 depend on the degree to which private-public partnerships are formed.

Table 7-2 Assessment of Alternatives Under Recommendation 2: Design New Buildings
to Meet Recovery-Based Objectives

Alternatives under

Recommendation 2 Effectiveness Feasibility Cost Time
Alternative 2.1: Mandate the Design
of New Buildings to Meet Recovery- High Moderate to L L
Based Objectives using Future '9 Difficult ow ong
National Model Code Provisions (1)
Alternative 2.2: Mandate the Design
of New Buildings to Meet Recovery- Medium to
Based Objectives using Interim High Moderate Low Short
Provisions
Alternative 2.3: Encourage the
Voluntary Design of New Buildings
to Meet Recovery-Based Low Easy Low Short
Objectives @

Note 1: Feasibility could be impacted by a lack of receptiveness to earthquake issues on the part of participants in
the national model code development process.

Note 2: Effectiveness is expected to be high, but will depend on the consistency between interim and future national
provisions.

Note 3: Although the cost of all alternatives is listed as low, some additional costs could be associated with
Alternative 2.3 if significant financial incentives are used. Assessment assumes state or local adaptation of
available criteria, rather than waiting for a new national standard.

Table 7-3 Assessment of Alternatives Under Recommendation 3: Retrofit Existing

Buildings to Meet Recovery-Based Objectives ()

Alternatives under

Recommendation 3 Effectiveness Feasibility Cost Time
AIterr?at.lve 3'1.: Mandate the Retrofit Medium to Moderate to Medium to Short to
of Existing Buildings to Meet High Difficult High Intermediate
Recovery-Based Objectives ) 9 9
Alternative 3.2: Trigger the Retrofit
of Existing Buildings to Meet Low M%ji?fﬁtﬁt to Medium Intgpn(:retdtf;te
Recovery-Based Objectives
Alternative 3.3: Encourage the
Voluntary Retrofit of Existing Low to Easy to Medium to Short to
Buildings to Meet Recovery-Based Medium Moderate High Intermediate
Objectives 4

Assessment assumes a reoccupancy objective for most existing buildings (except for essential services),

and state or local adaptation of available criteria, rather than waiting for a new national standard.

Note 1:
Note 2:
to certain buildings.
Note 3:
enhanced to require more retrofits.
Note 4:

Ranges for Alternative 3.1 depend on whether the mandatory program applies to all buildings or only applies
Ranges for Alternative 3.2 depend on whether current code-based triggers are used, or if triggers are

Ranges for Alternative 3.3 depend on type and level of incentives provided. Significant incentives could

increase effectiveness, but could result in increased difficulty in adoption, increased overall cost, and

increased time for development.

FEMA P-2090/NIST SP-1254

7: Assessment and Conclusions

69




Table 7-4

Assessment of Alternatives Under Recommendation 4: Design, Upgrade, and

Maintain Lifeline Infrastructure Systems to Meet Recovery-Based Objectives

Alternatives under

Objectives @

Recommendation 4 Effectiveness Feasibility Cost Time
Alternative 4.1: Mandate the Design
of New and Upgrade of Existing . e . Intermediate to
Lifeline Infrastructure Systems to High Difficult High Long
Meet Recovery-Based Objectives (")
Alternative 4.2: Encourage the
Voluntary Des[gn. of Nlew. and Low to Easy to Medium to Intermediate to
Upgrade of Existing Lifeline High Moderat High L
Infrastructure Systems to Meet '9 oderate '9 ong
Recovery-Based Objectives 2
Alternative 4.3: Trigger the Upgrade
of Existing Lifeline Infrastructure Low to Moderate to Medium to Intermediate to
Systems to Meet Recovery-Based High Difficult High Long

Note 1: Alternative 4.1 is a highly effective, difficult, high-cost, long-term activity. Some mitigation of costs is possible
by taking advantage of normal life-cycle replacement programs and use of alternative strategies for quick
recovery or temporary services following an earthquake.

Note 2: Ranges for Alternative 4.2 depend on the type and level of incentives provided. Significant incentives could
increase effectiveness, but could result in increased difficulty in adoption, increased overall cost, and

increased time for development.

Note 3: Ranges for Alternative 4.3 depend on how much upgrade work is triggered.

7.2 Stakeholder Roles

Ultimately, community resilience and successful recovery after the next major earthquake will
require collaborative and comprehensive planning involving all stakeholders, and that work
should begin now. Development, adoption, and enforcement of effective codes and standards
requires action and coordination at different levels of government — federal, state, local, tribal,
and territorial — and close partnership with private-sector stakeholders. Similarly, the design of
new facilities and upgrade of existing facilities to meet recovery-based objectives requires input
from owners, developers, operators, design and construction industry professionals, and the
public. Thoughtful public and private pre-disaster planning, focused education efforts, and
access to financial resources will enable the social preparedness, awareness, and responsiveness

needed to act.

A recommendation, task, or alternative in this report is not necessarily meant to be implemented
by Congress, FEMA, NIST, or any specific federal agency. Ideally, the NEHRP agencies will
leverage their past success in similar activities to lead, support, and coordinate with appropriate
organizations and entities; to develop policies, programs and procedures in support of these
recommendations; and to influence, educate, and train for the adoption of measures that will
improve the built environment in terms of reoccupancy and functional recovery time. The
potential roles of different stakeholder groups in the implementation of each recommendation are

summarized in Table 7-5.
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Table 7-5

Rec 1: Develop a

Roles of Different Stakeholders in Implementation of Recommendations

Framework for Post- Lead or Participate in Strondl
Earthquake Strongl National; Su orgt] yor Participate Participate
Reoccupancy and Su gr)t/ Lead State and ﬁ)_ga d’ P P
Functional Recovery pp Local
Objectives
Rec 2: Design New Participate in Participate in Participate in
Buildings to Meet s rt National; Lead Technical Development; Development;
Recovery-Based uppo Lead State and Development Lead Lead
Objectives Local Implementation | Implementation
Rec 3: Retrofit Existing Lead State and Participate in Participate in
S Local : . .
Buildings to Meet Support Develooment Lead Technical Development; Development;
Recovery-Based PP % Development Lead Lead
Objectives | an . Implementation | Implementation
mplementation
Rec 4: Design, Lead or Participate in
Upgrade, and Maintain Strongly National; Lead Strongly Participate in Lead
Lifeline Infrastructure Support State and Local | Support, or Lead Development; Development;
Systems to Meet Development Development Technical Lead Lead
Recovery-Based and and Development Implementation | Implementation
Objectives Implementation | Implementation
Rec 5: Develop and
Implement Pre- st Lead State and Participate in Participate in
Disaster Recovery rongly Local Support Development; Development;
. Support, or Development
Planning Focused on Development Lead Lead
9 Lead and P . .
Recovery-Based | . Implementation | Implementation
Obiactives mplementation
)
Rec 6: Provide
Education and
Outreach to Enhance Lead or
Awareness and Strongly Strongly -
Understanding of Lead gtrongll}t/ Support Support Participate
Earthquake Risk and uppo
Recovery-Based
Objectives
Rec 7: Facilitate
Access to Financial Strongly Strongly
Resources Needed to Support, or Support, or Support Support Participate
Achieve Recovery- Lead Lead
Based Objectives
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7.3 A Path Forward

Improving the performance of buildings and lifeline infrastructure systems in terms of
reoccupancy and functional recovery time will require coordinated action across all
recommendations. Although each recommendation can have a positive impact, maximum
effectiveness will only be achieved when all of the recommendations are fully implemented.
Interactions among the recommendations are illustrated in Figure 7-1.

Rec. 2:
New
Buildings

Rec. 1:
Functional Rec. 3:

Existing

Recover
b Buildings

Framework

Rec. 4:
Lifeline
Infrastructure
Systems

Figure 7-1  Interactions among the recommendations.

Located in the center of the figure, Recommendation 1 is key to all other recommendations.
Development of a reoccupancy and functional recovery framework will provide the core policy,
technical, and hazard level information needed as a basis for all other activities. On the right
side of the figure, Recommendations 2, 3, and 4 address the design, construction, and upgrade of
new and existing buildings and lifeline infrastructure systems. Activities under these
recommendations will directly improve the performance of the built environment. On the left
side of the figure, Recommendations 5, 6, and 7 address planning, education, and access to
financial resources. Activities under these recommendations will affect the social, economic,
and political environment. Although they do not directly impact the performance of the built
environment, these activities address issues that affect implementation of the other
recommendations, and serve to reduce reoccupancy and functional recovery time following an
earthquake through improved pre-earthquake planning and post-earthquake recovery processes.

As community members engage in pre-disaster recovery planning under Recommendation 5, and
people are educated about risk and the benefits of recovery-based design under Recommendation
6, it is envisioned that improved performance of the built environment under Recommendations
2, 3, and 4 will become an expectation. Access to financial resources under Recommendation 7
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will provide the means to expedite achievement of reoccupancy and functional recovery
objectives.

Although Recommendation 1 is fundamental to the other recommendations, it will also benefit
from ongoing progress begin made in each of the other recommendations. A national approach
may be the ultimate goal, but the details and success of a national approach can benefit from
actions taken by leading stakeholders at the SLTT levels, which can provide early feedback on
proof of concept, best practices, and lessons learned. A shift toward recovery-based performance
of the built environment will only be possible through integration of activities along multiple
parallel paths, consideration of varying private-sector stakeholder perspectives, and engagement
at all levels of government.

Table 7-6 provides a possible timeline of short-term, intermediate-term, and long-term activities
that could be undertaken on a path forward. The table presents ideas contained in the
recommendations, tasks, and alternatives, adapted into actionable examples for implementation.
The timeframes listed in the table are targets for completion, with the implication that action
should begin now, as some activities will take longer than others to complete.

Table 7-6 Timeline for Implementation (adapted from Bonowitz, 2020)

Timeline Actions

Short-Term e  SLTT jurisdictions and stakeholders (including federal agencies) lead with implementation,
adaptation, and adoption of available tools and practices

o Design of new buildings for functional recovery objectives
o Retrofit of existing buildings for reoccupancy objectives

o  Mitigation programs/priorities informed by scenario planning considering resilience-based
inventory/evaluations of existing buildings and lifeline infrastructure systems

o Development of new and enhanced existing plans, programs, and policies to expedite
recovery: pre-earthquake planning (business continuity and BORP plans, mutual aid
agreements, insurance) and post-earthquake response (safety evaluation and placarding,
permitting, temporary habitability standards)

e Regional lifelines councils established

e Research and technical studies to support development of target times and appropriate hazard
levels for recovery-based objectives

e Research and technical development to support future recovery-based codes and standards (for
buildings and for lifeline infrastructure systems)

e Voluntary innovation by communities, designers, and developers
o  Shows innovation, implementation, and adaptation strategies
o Raises ideas, issues, and possible low-cost/no-cost solutions
o Creates public demand and political will through education campaigns

o Changes the conversation from minimum safety to recovery and overall resilience
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Table 7-6 Timeline for Implementation (cont’d)

Intermediate- | ¢  More local/regional/state communities and stakeholders follow the leaders
Term
e Recovery-based plans, codes, and programs in place in many jurisdictions
e Regional lifelines councils develop and coordinate recovery-based mitigation efforts and post-
earthquake response planning
e  First version of functional recovery framework with target times, design guidelines, and hazard
levels for recovery-based objectives
e On the path toward development of recovery-based model codes and standards for buildings
and for lifeline infrastructure systems
e Approach to recovery from earthquakes leveraged to promote recovery from other hazards
e Financial resources made available to communities to enable widespread focus on recovery
Long-Term e National functional recovery framework completed
o National consensus recovery-based model codes and standards available for buildings and for
lifeline infrastructure systems
e Locallstate/federal programs encourage, if not require, routine use of recovery-based codes,
standards, and other provisions
¢ Nationwide momentum and progress informed by implementation best practices and success
stories
7.4 Conclusions

The Committee of Experts has provided a list of “recommended options” in the form of
recommendations, tasks, and alternatives, and has qualitatively assessed those options for
effectiveness, feasibility, cost, and time for development. Implementation will involve public
and private stakeholders and support at all levels of government, so individual recommendations,
tasks, and alternatives have not been assigned to any specific federal agency.

In considering the overall list of recommendations, and potential actions by stakeholders at all
levels, the Committee offers the following list of actions that Congress might choose to take, or
might choose to encourage other federal entities to perform:

Support Technical Development.

Support the development of policies along with practical and effective methods for design
and retrofit of buildings and lifeline infrastructure systems to enable the implementation of
Recommendations 1, 2, 3, and 4. Much progress has been made in the science and practice
of seismic engineering through past efforts of the NEHRP agencies, particularly with the
development of NEHRP Recommended Seismic Provisions for New Buildings and Other
Structures (FEMA, 2015b) and contributions to the development of codes produced by the
International Code Council (ICC) and standards produced by the American Society of Civil
Engineers (ASCE) for new and existing buildings. These past successes should be leveraged
and expanded toward the development of recovery-based provisions, codes, and standards for
buildings. Furthermore, activities identified in the Earthquake Resistant Lifelines: NEHRP
Research, Development and Implementation Roadmap (NIST, 2014) should be implemented,
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particularly the development of appropriate guidelines and standards for recovery-based
seismic design and upgrade of lifeline infrastructure systems. Advocacy for incorporation
and adoption of the results of developmental efforts at various levels of government, and in
the private sector, should also be supported.

e Incentivize Action.

Encourage SLTT jurisdictions to adopt recovery-based codes and standards, and engage in
recovery-based planning, mitigation, financial, and other enabling activities envisioned under
Recommendations 5 and 7, by offering incentives, possibly in the form of:

o additional levels of Stafford Act mitigation funding for communities that implement
recovery-based policies and programs;

o expanded federal support of earthquake or multi-hazard insurance for properties and
systems that meet recovery-based objectives; and

o tax incentives for communities and owners that conform to recovery-based policies and
other requirements.

e Encourage Federal Leadership by Example.

Encourage the Executive Branch to develop recovery-based seismic design and retrofit
requirements for federally owned and leased buildings, similar to Executive Order 13717
(The White House, 2016). This would include development of a timeline and
implementation plan for: (1) requiring all federal agencies to comply with the requirements
for new buildings (near-term) and existing buildings (phased over time); and (2) prohibiting
the lease of new space (near-term) or renewal of existing leases (phased over time) in
buildings that do not meet new requirements.

Additionally, the federal government should require the design of new and upgrade of
existing lifeline infrastructure systems that are owned, managed, funded, or operated by
federal agencies. This would involve integrating the framework developed under
Recommendation 1 across all lifeline infrastructure system sectors in the National
Infrastructure Protection Plan (USDHS, 2013), and would include development of a timeline
and implementation plan for all federally owned, managed, and operated lifeline
infrastructure systems to be newly designed (near-term), upgraded (phased over time), or
maintained (near-term and long-term).

e Mount an Education Campaign.

Lead the development and implementation of an education campaign as discussed under
Recommendation 6, and support similar educational efforts by SLTT jurisdictions.
Messaging should be focused on current risks to society and the need to improve the
resilience of the nation. The purpose of such a campaign would be to create public
awareness and an environment that would allow other recommendations to be successful.

Action at the federal level is strongly encouraged. Taking no action would be equivalent to
relying only on an SLTT jurisdiction to implement the recommendations on their own. Some
jurisdictions are ready and able to do this, but many will need federal agency support. Although
taking no action would avoid additional federal expenditures in the short term, a lack of action
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will have limited impact on improving the built environment overall, and lead to higher federal
expenditures for response and recovery in future disasters.

Improving the built environment in terms of reoccupancy and functional recovery will require
involvement from many stakeholders, dedicated effort, and commitment of resources toward
making incremental, consistent, and measurable progress over time. Ultimately, the improved
resilience resulting from taking action will yield communities that are better prepared and better
able to recover rapidly from future earthquakes and other natural hazards, while saving lives,
livelihoods, money, and time.
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Appendix A

Process and Approach

A.1  Committee of Experts

In 2019, the FEMA contracted with the Applied Technology Council (ATC), and NIST
contracted with the Science and Technology Policy Institute (STPI), to assist in convening a
Committee of Experts to develop a report to Congress assessing and recommending options for
improving the built environment to reflect performance goals in terms of post-earthquake
reoccupancy and functional recovery time. As directed under the NEHRP Reauthorization, the
Committee of Experts included representatives from federal agencies, nongovernmental
organizations, private sector entities, disaster management professional associations, engineering
professional associations, and professional construction and homebuilding industry associations.

The Committee of Experts included a Project Technical Panel (PTP) and a Project Review Panel
(PRP). The Project Technical Panel, led by ATC, was charged with developing the report, and
the Project Review Panel, led by STPI, was charged with providing review and feedback on the
report during development. In addition to FEMA and NIST representatives participating as
members of the Committee, the Project Technical Panel included 17 outside subject matter
experts, and the Project Review Panel included 10 additional outside experts. The individual
members of the Committee of Experts, and their affiliations, are provided in the list of
Participants at the end of this report.

In performing its work, the PTP met seven times over a period of 10 months to brainstorm initial
ideas, develop key concepts, and successively refine the resulting recommendations and
alternatives. The report was developed in a series of drafts: first, 50%, 75%, 100%, and final
draft iterations. Over a similar period, the PRP met twice, and participated in reviews of the
first, 75%, and 100% draft iterations. Material comprising the 50% draft was presented to
Stakeholder Workshop participants to receive input on potential report content, as described in
the sections that follow. The final draft was submitted for federal agency review and preparation
of the final report for submittal to Congress.

Each draft iteration was subjected to extensive review and comment. In all, over 2000 review
comments were received from the PTP, PRP, and other reviewers, and all comments were
recorded and addressed by a lead author group appointed by FEMA and NIST. This final report
is a combined effort of the PTP in developing the report and the PRP in providing review and
feedback on its development. It provides a range of perspectives from the Committee of Experts
on options for improving the built environment in terms of reoccupancy and functional recovery
time and does not represent a consensus opinion provided to the government. Although a formal
consensus process was not followed, all comments were considered by the lead author group in
developing the final report content, which was based on overall majority opinions expressed by
the Committee of Experts, relationship to the Congressional mandate, clarity of messaging, and
appropriateness of the information to the primary audiences.
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A.2  Stakeholder Workshops

Because functional recovery inherently incorporates risk tolerance, community preferences, and
societal values, it was considered critical to gather feedback from stakeholders to inform the
report to Congress. To gather stakeholder input, five stakeholder workshops were held across
five cities: St. Louis (on January 27, 2020); Salt Lake City (on January 29, 2020); Seattle (on
January 31, 2020); San Francisco (on February 4, 2020); and Los Angeles (on February 6, 2020).
The workshops were hosted in cities across the central and western portions of the United States
to capture perspectives from different localities, and to ensure that a range of dates and
geographic opportunities were available to attract a diverse set of stakeholders. The workshops
were not intended to serve as community listening sessions, nor to receive detailed feedback on
the line-by-line text in the report.

A.2.1 Workshop Participants

The workshops convened a broad range of stakeholders and subject matter experts, including
local officials, private consultants, structural engineers, social scientists, utility and lifeline
system representatives, among others. The range of expertise represented on the day of each
workshop varied based on attendance. Workshop invitees were identified based on the following
considerations:

e Geographic Representation. Emergency management, city building and planning officials,
public safety, and utility managers were identified in each of the workshop locations. To add
regional diversity, relevant officials from other areas of seismic risk were invited, including
Puerto Rico, South Carolina, Colorado, Oregon, Missouri, Tennessee, and Illinois.

e Expertise. Workshop invitees were selected with regard to a strong foundation in seismic
hazard and the built environment, as well as knowledge and experience spanning lifelines,
social sciences, policy, and community planning to provide diverse perspectives on societal
aspects of functional recovery.

o Stakeholder Groups. Workshop invitees also reflected a range of stakeholders groups to
ensure that viewpoints from across sectors could be incorporated into the overall thinking
about functional recovery. Workshop invitees included stakeholders representing the private
sector, federal, state, and local governments, academia, and various non-profits.

e Prior Participation. Attendee lists from relevant meetings and workshops convened by
earthquake-relevant groups in the past several years were reviewed to identify potential
workshop invitees. Prior events included those organized by the National Earthquake
Hazards Reduction Program (NEHRP), the Earthquake Engineering Research Institute
(EERI), and the NIST Immediate Occupancy workshop (Sattar et al., 2018).

Out of over 230 invitees, approximately 70 attendees participated across the five workshops.
The attributes of attendees are summarized in Figures A-1a and A-1b. Figure A-1a shows that
the workshop in San Francisco was the largest with 21 attendees, while Los Angeles was the
smallest with 10 attendees (Figure A-1a). San Francisco also had the largest proportion of
structural engineers present (50%), while the workshop in St. Louis had the smallest, with 80%
of attendees having expertise in areas other than structural engineering (Figure A-1b).
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Figure A-1 Workshop attendees across the five locations: (a) by stakeholder group; and
(b) as a percentage of expertise present at the workshop. The numbers in
Figure A-1b do not sum to the number of participants in Figure A-1a
because participants were characterized in one or more areas of expertise
based on their past experience and current position.

Each workshop (and the workshops in total) did not attempt to create representative sample
populations. While the subset of individuals who attended the workshops did not constitute a
representative sample of community resilience or functional recovery professionals, most
workshop attendees possessed some level of expertise in community resilience or functional
recovery. Therefore, the workshops attendance was not representative of the general public. For
these reasons, the workshop output cannot necessarily be extended or generalized to represent
the views of the public, and geographic comparisons across workshop locations, or comparisons
across sectors and expertise of attendees, should be avoided without appropriate context for the
discussion.

A.2.2 Workshop Objectives

The workshops had two primary objectives. The first was to receive input on the functional
recovery framework with a focus on exploring the maximum amount of time acceptable to
achieve a basic level of function for various components of the built environment. The second
was to investigate key criteria for assessing options for achieving functional recovery and how
value judgements might differ among participant groups when evaluating different options.

These objectives were selected in collaboration with the Project Technical Panel (PTP) to target
topics in the report that were inherently value-based and could likely vary across communities.
The purpose was to gain insight on how these materials could be presented in a national-level
report while maintaining their relevance across communities with different needs and values.
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A.2.3 Workshop Agenda

The workshops began with an overview of the PTP’s progress in developing the report and
providing context for how the workshop discussions would support the development of the
report to Congress. Following introductory presentations, workshops were structured around
three breakout sessions which are discussed below.

A.2.4 Breakout Session 1: Functional Recovery Framework
Objective

The objective of Breakout Session 1 was to gain feedback on development of a framework for
functional recovery, described as the acceptable amount of time that a function can be out of
service before there is a lasting impact on a community. The session was structured around the
concept of recovery categories, and aimed at validating or disputing the notion of hours, days,
weeks, or months as appropriate timeframes for each categories. Furthermore, the session sought
to have participants develop distinct concepts and descriptions for each recovery category (i.e., to
describe fundamental differences in the components of the built environment placed in the hours
category versus those placed in the days category).

Process

The session was framed by discussing the ultimate goal of functional recovery: to support basic
societal needs following an earthquake such that the community avoids population displacement
and retains its economic and societal growth trajectory.

e Participants were first asked to brainstorm community functions that are necessary to
maintain the population following an earthquake, thinking in terms of activities and
processes rather than buildings and infrastructure.

e The group was then asked to brainstorm components of the built environment (hereafter
referred to as “components”) that enabled those functions.

e Participants were then asked to place components into the appropriate recovery category
(hours, days, weeks, and months) and were reminded that the time category should represent
the longest acceptable time a community could go without that component of the built
environment. To ensure internal consistency, each group was asked to define hours, days,
weeks, and months.

e Once all components were placed in a recovery category, the groups discussed the placement
of components and revision of initial placements. Participants then discussed what situations
would cause some of the components to shift (i.e., how local contexts may alter the results).

A.2.5 Breakout Sessions 2 and 3: Assessing and Evaluating Options
Objective

The objective of Breakout Sessions 2 and 3 was to gather more information on the different types
of value judgements needed when evaluating and comparing functional recovery options. This
value-based input was intended to be used by the PTP in assessing the options included in the
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report to Congress, and the results of these sessions could also be used to identify metrics for
policy makers to better understand individual options and compare across options.

Process

In Breakout Session 2, facilitators asked participants to consider what information a policy
maker would need to effectively compare different functional recovery options. Participants
identified a list of criteria that could be considered in evaluating options for functional recovery.

e Criteria were brainstormed until participants felt they had produced a reasonably
comprehensive list.

e Once the list of criteria had been developed, each participant voted for the two criteria he or
she thought were most important.

e The top five criteria from Breakout Session 2 were then determined based on the number of
votes.

In Breakout Session 3, the criteria identified in Breakout Session 2 were used as a basis for
evaluating example options from the 50% draft report. The purpose of this exercise was to
explore whether the criteria selected and defined in Session 2 could be consistently weighted
when assessing various options.

e The top five criteria from Breakout Session 2 were each was assigned a unique color.

e Workshop facilitators then described one of four options being evaluated. On a scale of least
important to most important, participants were asked to indicate how important each criterion
was in evaluating the option. The process is illustrated in Figure A-2. The four options used
to test evaluation criteria included:

1. Design all new buildings using new codes/standards with specific functional recovery
performance objectives.

2. Incentivize pre-disaster retrofits of existing buildings through federal or state tax breaks.
Educate building owners and tenants on the seismic risk to their building and community.
4. Maintain the status quo of designing buildings for life safety performance (i.e., business

as usual). This option was discussed as time permitted.

After each round of voting, participants discussed trends and explained thought processes. Time
was typically provided at the end of each exercise to reflect on results: whether they looked as
anticipated, if there were similarities and differences across options, and what criteria might be
missing.
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Figure A-2  Illustration of process for breakout session 3.
A.2.6 Workshop Takeaways

The PTP reviewed a comprehensive discussion of participant feedback and recommendations
based on workshop discussions as input to the report development process. A summary of main
takeaways is provided below.

Breakout Session 1: Functional Recovery Framework

Throughout the discussions surrounding Breakout Session 1, participants were consistently
supportive of the notion of a national functional recovery framework to provide guidance for
individual communities at the local level. However, participants voiced a preference that this
guidance be flexible and adaptable such that it can appropriately incorporate local community
needs and values. Participants noted that designating recovery time frames for community
functions as opposed to specific components of the built environment could facilitate this
flexibility (e.g., “access to finances” vs. banks; “ability to conduct office work™ vs. office
buildings). Participants also noted that although this current effort is specific to seismic hazards,
communities would benefit from a functional recovery framework that was defined in a multi-
hazard context for all natural hazards.

Breakout Session 2 and 3: Assessing and Evaluating Options

Throughout the activities in Breakout Sessions 2 and 3, participants expressed strong support for
the use of a consistent set of criteria for the evaluation of options presented in the report. The
five criteria most frequently ranked as being most important were: cost, benefit, feasibility,
effectiveness, and equity. As these criteria are value-based, participants recognized that there
was no single set of criteria that could be identified as the standard. It was suggested that the
report describe how evaluation criteria were selected. To facilitate consistent evaluation of the
options, participants noted that the criteria should be clearly defined, and the options should be
as specific and actionable as possible.
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As they considered how specific criteria applied to a set of example options, participants noted
that the relationship between the options was important. Participants articulated that not every
option can, or should, be expected to meet a functional recovery objective independently. Some
options complemented one another and were considered more effective in tandem than in
isolation. Additionally, participants suggested that options could be presented as a portfolio
addressing a variety of needs and might be more effective if described as a strategic progression
towards achieving a functional recovery objective.

Overarching Takeaways

In addition to specific takeaways from each breakout session, relevant themes emerged from
plenary discussions throughout the day. One general observation was that the relationship
between functional recovery and community resilience should be clearly articulated, to better
explain how functional recovery complements community resilience, and how it can be used to
achieve a consistent end goal, which is community resilience.

Additionally, participants wondered if the report to Congress should identify an aspirational
performance standard to guide leading communities on a path towards functional recovery, or if
the report should instead focus on establishing a minimum acceptable performance standard for
use across the country. Embedded in this discussion was a concern that targeting a higher
functional recovery performance standard might distract from ongoing efforts to achieve life
safety performance in the existing built environment, which has yet to be completed in many
parts of the country.

Another key theme from plenary discussions was the need to incorporate local community values
and local jurisdictional needs to successfully identify and maintain critical community functions.
This requires flexibility in guidelines and regulations such that communities can adapt the
actions to meet individual situations. This is particularly important for local jurisdictions to be
able to meet the needs of their most vulnerable residents.

Finally, in reference to the inherent value-based nature of a functional recovery objective,
participants suggested the report be explicit about the choices made in prioritizing among
options, and discuss relevant limitations in the report development process.

The information captured during these workshops provided insight to the PTP on topics in the
report that were inherently value-based and likely varied across communities. Participant
feedback and recommendations were compiled into an internal workshop report and presented to
the PTP to serve as input to the development of the report to Congress.
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Appendix B

B.1

Supplemental Information on a

Framework for Reoccupancy and

Functional Recovery

Conceptual Illustration of Recovery Categories

Recovery categories could address both reoccupancy time and functional recovery time within a
single category, or there could be separate reoccupancy categories and functional recovery
categories. Conceptual functional recovery categories for buildings and lifeline infrastructure
systems are illustrated in Table B-1, which is generally consistent with guidance offered in the
NIST Community Resilience Planning Guide. The table shows how each functional recovery
category might be associated with functions or services, and how buildings or lifeline
infrastructure systems might be assigned to each category based on a general policy on
acceptable functional recovery times (Mahoney, 2019). The entries in the table presume an
intensity of shaking that is generally consistent with the design hazard level used in current
building codes and standards.

Table B-1 Conceptual Functional Recovery Categories for a Design Hazard Level
Target
Functional | Functional Recovery Phase and
Recovery Recovery | Associated Functions Examples of
Category Time and Services (! Buildings and Lifeline Infrastructure Systems
Functional Hours Near-Term (Nearly Emergency and first-responder facilities (e.g., hospitals,
Recovery (or Less) Immediate) and fire and police stations), designated shelters, emergency
Category A Emergency Response — | operations centers, and lifeline infrastructure systems
(FRC-A) rescue, safety, security, | supporting emergency response (e.g., power,
and event stabilization communication, critical transportation)
Functional Days to Short-Term — shelter, Single- and multi-family residential, local government,
Recovery Weeks governance, daily schools, outpatient medical facilities, nursing homes,
Category B necessities, and care critical retail (e.g., food distribution, pharmacy, home
(FRC-B) for vulnerable improvement), and lifeline infrastructure systems
populations supporting short-term activities
Functional Weeks to Intermediate-Term — Critical business enterprises, possibly exceeding a certain
Recovery Months restoration of size threshold, and lifeline infrastructure system services
Category C neighborhood activities | supporting intermediate-term activities
(FRC-C) and economic vitality
Functional Months to Long-Term — cultural, Buildings not assigned to other categories, possibly
Recovery Years quality of life, and including less critical business enterprises, less-critical
Category D leisure activities retail, entertainment, leisure, and cultural facilities, and
(FRC-D) lifeline infrastructure system services supporting long-term
activities
Note 1: Recovery phases refer to the FEMA National Disaster Recovery Framework, Second Edition (FEMA, 2016)
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It is noted that building codes already imply a target recovery time of hours or less for achieving
near-full functionality (if not continuous operation) in facilities that are deemed to provide
essential services. These Risk Category IV buildings include emergency response, hospitals, and
other buildings with this designation.

Although recovery objectives might be set for a specified earthquake hazard level, actual
recovery times following an earthquake may be different because of uncertainty associated with
the occurrence and severity of earthquakes. Further, it may be appropriate to establish different
target recovery times that vary based on earthquake hazard level. This is particularly true for
lifeline infrastructure systems that could be impacted differently by earthquake effects that occur
at lower or higher frequencies, which might not be adequately addressed through consideration
of a single hazard level. Table B-2 provides an example of possible ranges of target recovery
times for different earthquake hazard levels.

Table B-2 Possible Functional Recovery Times for Different Earthquake Hazard Levels

Earthquake Hazard Level
(Frequency of Occurrence)
Frequent Design Maximum Considered

Functional (return period of 50-100 (return period of 300-700 (return period of 1,000-
Recovery Category years) years) 3,000 years)
Functional Recovery
Category A Hours (or less) Hours (or less) Days to Weeks
(FRC-A)
Functional Recovery
Category B Hours to Days Days to Weeks Weeks to Months
(FRC-B)
Functional Recovery
Category C Days to Weeks Weeks to Months Months to Years
(FRC-C)
Functional Recovery
Category D Weeks to Months Months to Years Years
(FRC-D)

It is possible that economic and other benefit-cost considerations might result in different

recovery-based objectives for existing buildings relative to new buildings, as further discussed in

Chapter 3.

B.2

Different Target Functional Recovery Times

Damage Descriptions for Buildings and Lifeline Infrastructure Systems Meeting

Studies have shown that repair of buildings suffering limited nonstructural damage can be done
in days or weeks, while repair of buildings suffering significant structural or nonstructural
damage can take months or even years (Comerio, 2000; 2005). Whether a building will take
months or years to recover often depends on whether it has sustained structural damage that
would require an engineering evaluation and building permit to begin the repair process. In the
case of lifeline infrastructure systems, experience has shown that systems can be designed,

maintained, and operated to continuously provide basic services to users, or to recover them in a

short period, depending on how robust, redundant, and adaptive the system is.
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Descriptions of the type and extent of structural and nonstructural damage in buildings and
lifeline infrastructure systems that have typically been associated with certain functional
recovery times are as follows (Mahoney, 2019):

Hours: A building would suffer no, or very minimal, structural damage with very minor
nonstructural damage, and such damage would not affect occupancy. If repairs are needed,
an engineering evaluation and building permit would not be necessary, and in-house labor
could perform the work immediately or at some later date. Nonstructural damage would not
impact basic functions. The facility would likely receive a green tag (ATC-20-1
INSPECTED placard) in a post-earthquake safety evaluation, indicating that occupancy is
permitted without restriction. Lifeline infrastructure systems would not be impacted, or
onsite backup services would be operational.

Days: A building would suffer minimal to minor structural damage, and such damage would
not affect occupancy. If repairs are needed, an engineering evaluation or building permit
would not be necessary, and in-house labor could perform the work immediately or at some
later date. Nonstructural damage would be minor to moderate, with some impact to basic
function, but such damage could be repaired within days. The facility would likely receive a
green tag (ATC-20-1 INSPECTED placard), or yellow tag (ATC-20-1 RESTRICTED USE
placard) in areas not affecting basic function. Lifeline infrastructure systems would not be
impacted, or repairs could be made resume basic services within days.

Weeks: A building would suffer minor structural damage, and such damage could
temporarily impact occupancy until a limited engineering evaluation was performed and
possibly a building permit was obtained for repairs. Nonstructural damage would be
moderate, with impact to basic function, but such damage could be repaired within weeks.
The facility would likely receive a yellow tag (ATC-20-1 RESTRICTED USE placard) in a
post-earthquake safety evaluation, identifying damage or hazards that would require some
level of repair, restricting occupancy and functionality until repairs are made. Lifeline
infrastructure systems could be impacted, and repairs would be needed to resume basic
services within weeks.

Months: A building would suffer moderate to significant structural damage affecting
occupancy and functionality, and an engineering evaluation would be required.
Nonstructural damage could be significant and could also affect occupancy and functionality.
The level of repairs could be significant, and would require a building permit and months to
complete. The facility could receive a yellow tag (ATC-20-1 RESTRICTED USE placard)
in a post-earthquake safety evaluation, restricting occupancy and functionality until repairs
are made. The facility might also receive a red-tag (ATC-20-1 UNSAFE placard) indicating
it is unsafe to occupy until significant repairs are made, with the possibility that such repairs
could be economically infeasible. Lifeline infrastructure systems would be adversely
impacted for an extended period of time.
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Appendix C

Supplemental Information on Lifeline
Infrastructure Systems

C.1  Summary of Topics Identified in the NEHRP Lifelines Roadmap

Responding to the need for earthquake-resilient lifeline infrastructure systems, NIST published
GCR 14-917-33, Earthquake Resistant Lifelines: NEHRP Research, Development and
Implementation Roadmap (NIST, 2014). The roadmap focuses on six key lifeline infrastructure
systems: electric power, gas and liquid fuel, water, wastewater, telecommunications, and
transportation networks. It also addresses lifeline infrastructure system interdependencies and
socioeconomic, institutional research, and implementation priorities that are needed to support
resilient lifeline infrastructure system practices and improved performance during extreme
events. High priority needs for industry practice as well as recommendations for guidelines and
consensus standards are included in the roadmap.

The roadmap is intended to guide the investments made by NIST and other NEHRP agencies in
generating national performance and restoration goals in concert with the development of
guidelines, manuals, and standards for key lifeline infrastructure systems and components.
These efforts are accompanied by a coherent and well-coordinated plan to promote voluntary
adoption by communities and lifeline infrastructure system service providers. Key
socioeconomic factors, institutional issues, and lifeline infrastructure system interdependencies,
as well as research, development, and implementation needs are addressed for both individual
and collective lifeline infrastructure systems. While the roadmap focuses primarily on lifeline
infrastructure system earthquake resilience issues, it also considers the multi-hazard aspects of
lifeline infrastructure system performance as well as the integration of NEHRP-supported
technology into an all-hazards framework for lifeline infrastructure systems. Many of the
priority topics identified in the roadmap have a direct bearing on an overall strategy and plan to
recovery-based objectives for lifeline infrastructure systems.

The roadmap consists of four key program elements that define the range of proposed priority
topics for research, development, and implementation to be pursued. A total of 28 recommended
research, development and implementation priority topics are embedded within these four
program elements. The following list summarizes the program elements and topics
recommended in the roadmap (NIST, 2014):

e Program Element I. Establish national lifeline system performance and restoration goals.

o Topic No. 1: Develop an overarching framework for national lifeline performance and
restoration goals

o Topic No. 2: Assess current societal expectations of acceptable lifeline performance
levels and restoration times informed by the phases of response and recovery
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o

Topic No. 3: Establish procedures to quantify hazards over spatially distributed lifeline
systems

Topic No. 4: Develop modeling tools to support design approaches, planning, and
restoration for interdependent lifeline systems

Topic No. 5: Develop tools to quantify and rank the societal benefits and costs of
different lifeline system performance levels and restoration times, as well as prioritize
lifeline upgrades and investments

Program Element II. Develop lifeline system specific performance manuals, guidelines,
standards, and codes.

o

Topic No. 6: Develop guidelines for the analysis, design, and planning of electric power
infrastructure in seismically vulnerable regions

Topic No. 7: Develop guidelines for improving telecommunication system resilience
under earthquake conditions

Topic No. 8: Develop water system seismic guidelines and standards
Topic No. 9: Develop wastewater system seismic guidelines and standards

Topic No. 10: Develop a manual of best seismic practices for gas and liquid fuel
transmission pipelines

Topic No. 11: Develop a manual for improving the seismic performance of natural gas
distribution systems

Topic No. 12: Develop guidelines for mitigating damage to lifelines from tsunamis and
other flood-related hazards

Topic No. 13: Develop guidelines for post-earthquake lifeline assessment, response, and
recovery

Topic No. 14: Develop geohazard guidelines for owners and contractors for engineering,
procurement, and construction of pipelines

Topic No. 15: Develop seismic qualification standards for lifeline components and
systems

Program Element III. Conduct problem focused research for various lifeline systems.

o

Topic No. 16: Evaluate the feasibility of new interdependent lifeline system
configurations

Topic No. 17: Develop methods for analysis and mitigation of damage from fire
following earthquake and hazardous material releases

Topic No. 18: Improve and extend methods for mitigating the effects of earthquake-
induced ground displacement on underground pipelines, conduits, and cables

Topic No. 19: Evaluate distributed power generation and energy storage to reduce
earthquake/natural hazard effects on electric power systems

Topic No. 20: Develop a multi-hazard, multi-modal dynamic transportation network risk
assessment model
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o Topic No. 21: Develop water and wastewater system evaluation methods for earthquake
impacts

o Topic No. 22: Develop tensile and compressive strain limits for welded steel pipelines in
permanent ground displacement zones

e Program Element IV. Enable the adoption and implementation of lifeline system
performance goals and standards.

o Topic No. 23: Develop tools, guidance, incentives, and funding mechanisms for
voluntary adoption and implementation of lifeline seismic resilience programs and
earthquake-resilient design and construction standards

o Topic No. 24: Develop strategies and techniques for the public and key customers to
engage lifeline system providers to define acceptable performance levels and restoration
timeframes

o Topic No. 25: Assess the direct and indirect socioeconomic consequences and financial
implications of different lifeline performance levels and restoration timeframes

o Topic No. 26: Implement post-earthquake information and response services for lifeline
systems

o Topic No. 27: Develop and deploy intelligent lifeline monitoring, advanced sensors, and
emergency response and restoration decision support systems

o Topic No. 28: Develop and deploy better tools, training, and guidance for emergency
operation planning, response, and restoration of lifeline systems

C.2  Possible Tasks for a New National Lifelines Organization

As recommended under Task 4.3, given the complex, interconnected, and interdependent nature
of lifeline infrastructure systems, a national lifelines organization should be re-established to
plan, lead, coordinate, and manage efforts to create, adopt and implement standards to advance
lifeline engineering and improve system performance (NIST, 2014). Such an organization would
be similar to the American Lifelines Alliance, originally funded by FEMA, but with a different
management structure as described in NIST (2014), and with potentially different tasks, as
outlined below:

e Provide stewardship of a national resilience program advancing the state of practice for
lifeline infrastructure systems to meet recovery-based objectives.

e Assist in implementing the Earthquake Resilient Lifelines: NEHRP Research, Development
and Implementation Roadmap (NIST, 2014).

¢ Aid in continued advancement and update of a reoccupancy and functional recovery
framework (Recommendation 1).

e (Coordinate stakeholders (e.g., industry, academia, practitioners, regulators) in the
development of lifeline infrastructure system guidelines.

e Initiate and, when practicable, usher guidelines through a consensus-based standards
development process for lifeline infrastructure systems and their interdependencies.
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Advance needed improvements to lifeline infrastructure system resilience through planning,
mitigation, response, recovery, and rebuilding (i.e., building back better).

Develop tools to aid lifeline infrastructure systems in implementing performance-based
recovery actions (initial planning through restoring post-event full functionality).

Engage with communities and document their evolving needs in relation to existing and
future planned performance goals, embracing multi-hazard approaches where appropriate to
improve lifeline infrastructure system recovery-based performance.

Educate lifeline infrastructure system owners and operators and the public at large on the
importance of designing lifeline infrastructure systems for recovery-based objectives.

Advance the state-of-practice through training and technology transfer.

Assist in the creation and management of a national-level lifelines council program and
related guidelines (related to Task 4.4).

Target results and products that can assist in shaping and implementing national policy,
legislation, and regulatory developments aiming to meet lifeline infrastructure system
performance objectives.

Engage in post-event investigations documenting good and poor performances of lifeline
infrastructure systems and their components, including long-term longitudinal studies with
social and economic impacts.

Develop, promote and encourage effective working relationships among lifeline
infrastructure system authorities, their state officials, and other stakeholders responsible for
various aspects of infrastructure system operations.

Develop strategies to embed functional recovery goals in the approach to recovery planning
that accounts for identified risks, recognizes long-term priorities and opportunities to build
back better, with the needs of the affected population.

Facilitate peer exchange in collaboration with the leadership of lifeline infrastructure system
authorities that will include: creation of consistent terminology, identification of
hazard/recovery goals and knowledge gaps, development of standards and toolkits to be used
by state/regional authorities in their efforts to adopt the reoccupancy and functional recovery
framework (Recommendation 1).

Promote the creation of a national database of seismic performance observations of lifeline
infrastructure systems (damage and successful behaviors) through earthquake
reconnaissance, which will include asset management data from regular life-cycle
inspections.

Advance the use of remote and other technologies that can enhance asset utilization and
maintenance, while improving the opportunity for continued operation or quick return to
service.
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Appendix D

Supplemental Information on
Pre-Disaster Planning and
Implementation

D.1  Examples of Seismic Continuity Programs

QuakeSmart™ is an existing nationwide seismic continuity program designed specifically for
businesses. The QuakeSmart program encourages businesses that are at risk from earthquakes to
take actions that will mitigate damage to their businesses, provide greater safety for customers
and employees, and speed recovery in the event of an earthquake. QuakeSmart (FEMA P-811)
was introduced by FEMA through the NEHRP program in 2008. In 2013, FEMA, in partnership
with the Federal Alliance for Safe Homes, Inc. (FLASH), launched a nationwide campaign to put
the QuakeSmart Toolkit* into the hands of as many small businesses as possible. The program
provides a step-by-step process to identify the risk, develop preparedness and mitigation plans,
take action, and be recognized and inspire others. To continue and expand upon the success of
the program, a robust marketing strategy could be pursued.

Similar nationwide programs to QuakeSmart, or an extension of QuakeSmart, could be
developed for other occupancies, including residential occupancies, institutional occupancies,
high hazard occupancies, and factories.

A good example of a seismic continuity program for residences that could be adapted and
adopted by other communities is the City and County of San Francisco’s Seismic Safety
Outreach Program (SSOP). This program educates and awards residential building owners and
tenants that complete the program with the title of “Seismic Safety Ambassador.” The San
Francisco Department of Building Inspection (SFDBI) started this program in 2015 and partners
with the Self Help for the Elderly and the Community Youth Center to provide San Francisco’s
diverse populations with hands-on training and education on how they can prepare before,
during, and after an earthquake.

The City and County of San Francisco’s SSOP could serve as a model for development of a
nationwide seismic continuity program for residential occupancies. Such a nationwide program
should include educating building owners and tenants on: risk; the limits of building code
philosophy, emphasizing that the code is a minimum and they can always do more; and the
benefits of nonstructural component anchorage so that they are motivated to develop appropriate
plans and take action.

32 https://www.fema.gov/media-library/assets/documents/23902
33 https://flash.org/readybusiness/quake_smart.php
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D.2  Examples of Assessment and Evaluation Guidelines

The ATC-20 Procedures for Postearthquake Safety Evaluation of Buildings (ATC, 1989; 1995)
and the accompanying ATC-20-1 Field Manual: Postearthquake Safety Evaluation of Buildings,
Second Edition (ATC, 2005) are the primary resources used by trained volunteers and
government officials in conducting rapid evaluation of the extent and significance of reductions
in lateral force-resisting and gravity load-carrying capacity of buildings. It is premised on safety
rather than reoccupancy or functional recovery, and the procedures and guidance in the
document are not well suited for evaluation of tall buildings and other large specialized
structures.

FEMA P-50 Simplified Seismic Assessment of Detached, Single-Family, Wood Frame Dwellings
(FEMA, 2012a) and FEMA P-50-1 Seismic Retrofit Guidelines for Detached, Single-Family,
Wood-Frame Dwellings (FEMA, 2012b) were developed in response to earthquakes where
typical wood-frame residential structures were observed to have suffered more damage than had
traditionally been thought possible. The potential negative impact for communities is magnified
by the sheer numbers of these buildings that exist in moderate and high seismic regions in the
United States. FEMA supported the development of a residential rating system (FEMA P-50)
and its accompanying retrofit guidelines (FEMA P-50-1) to be applicable in all high seismic
areas. FEMA supported this work to provide a tool that communities or other entities could then
use to encourage the seismic retrofitting of residential structures, thereby reducing future
earthquake losses.

FEMA 352 Recommended Post-earthquake Evaluation and Repair Criteria for Welded Steel
Moment Frame Buildings (FEMA, 2000) was developed as part of the FEMA-funded SAC Joint
Venture** following the Northridge Earthquake to address the unique vulnerabilities of this
construction to fractures in welded connections. The procedures include quantitative criteria to
relate observed damage to guidance regarding continued occupancy. Although a good example
to illustrate this type of procedure, the methods in this document were developed without the
benefit of modern seismic risk assessment procedures, and since their development, the method
has not been applied in any significant post-earthquake evaluations or trial studies. As such, it is
ripe for updating based on state-of-the-art risk assessment procedures and expansion to other
types of buildings beyond steel welded moment frames.

FEMA 306 Evaluation of Earthquake Damaged Concrete and Masonry Wall Buildings (FEMA,
1998) was developed to address the evaluation of concrete and masonry buildings using
emerging performance-based engineering methods. As noted in the introduction to the
document, “The procedures in this manual are intended to characterize the observed damage
caused by the earthquake in terms of the loss in building performance capability. This
information may be used to facilitate the settlement of insurance claims, the development of
strategies for repair, or other purposes.” Although the evaluation method has implications for
building safety, the primary focus of the document is on developing repair strategies. As the
document determines whether a building is safe for occupancy during repairs, it does not fully
address the question of reoccupancy or functional recovery.

34 SAC was a joint venture of the Structural Engineers Association of California (SEAOC), the Applied Technology
Council (ATC), and California Universities for Research in Earthquake Engineering (CUREg).
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FEMA P-1100 Vulnerability-Based Seismic Assessment and Retrofit of One- and Two- Family
Dwellings (FEMA, 2019Db) is the result of a project jointly funded by the California Earthquake
Authority (CEA) and FEMA to develop a prestandard for the evaluation and retrofit of one- and
two-family wood light-frame residential buildings. This class of structure represents the most
common type of dwelling in the United States. Although this type of construction has generally
provided good performance in past earthquakes, there are well-known vulnerabilities that have
led to large numbers of homes being rendered uninhabitable or even unrepairable following an
earthquake. Improved seismic design and seismic retrofitting of vulnerable configurations is
expected to increase the probability that homes are available to provide shelter immediately
following moderate to large seismic events. P-1100 provides a methodology to identify and
retrofit specific known vulnerabilities in wood light-frame dwellings. Studies included use of the
best available numerical modeling tools and engineering practices to assist in development of
assessment methods and to identify retrofit criteria to best achieve targeted performance
objectives. Retrofit using the provisions is anticipated to improve earthquake performance but is
not intended to prevent earthquake damage.

D.3  Seismic Instrumentation and Other Smart Technologies

Beyond adapting post-earthquake assessments to incorporate reoccupancy and functional
recovery concepts, and finding and training people to use those guidelines, it may be possible to
use technology to facilitate the assessment and evaluation process. To that end, pre-disaster
recovery plans might promote the installation, maintenance, and use of seismic instrumentation
and other smart technologies to help facilitate the assessment process for buildings and lifeline
infrastructure systems. Significant advancements in seismic instrumentation, statistical data
processing, and communication technologies are expected to make seismic instrumentation a
more cost-effective and viable technology to rapidly evaluate structural response to earthquakes.
Since the 2011 Tohoku earthquake, monitoring for rapid evaluation following earthquakes has
become more popular in Japan, and there are some examples of its use in the United States. The
g-NAVIGATOR?’ system by Kobori Research Complex is an example of a system that has been
deployed in about 400 buildings in Japan (personal communication with M. Nakashima).

Similar systems have been employed on a more limited scale by other building developers in
Japan. Recently, the U.S. Department of Veterans Affairs (VA) has contracted with the USGS to
install strong motion monitoring systems in several major VA hospitals to facilitate reoccupancy
after earthquakes.>® The installation of seismic instrumentation is covered in Appendix L of the
International Building Code (1CC, 2018a).

Building and lifeline infrastructure systems owners should be encouraged to investigate the use
of instrumentation and advanced technologies to create smart infrastructure and to have a better
understanding of their ability to function after an earthquake. This information, linked with
structural information provided by an engineer, could be used to predict how badly a building or
lifeline infrastructure system may be damaged in an earthquake. It is possible that such damage
predictions could then be linked to whether the structure should receive an ATC-20-1 UNSAFE
(red), RESTRICTED USE (yellow), or INSPECTED (green) placard (Mitrani-Reiser et al.,
2016). Tools utilizing artificial intelligence to make these links are currently under development

35 http://www.kobori-takken.co.jp/English/randd/design05.html
36 https://earthquake.usgs.gov/monitoring/nsmp/buildings/va.php
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by private-sector organizations. In the future, these tools could provide nearly instantaneous
information to an owner or manager after an earthquake as to whether the structure is safe
enough to re-occupy or meets a given functional recovery standard. Smart buildings and lifeline
infrastructure systems might even placard themselves, thereby reducing the need for people to
conduct safety evaluations and the need for temporary staft surges following an earthquake.
These technologies, while potentially promising, are not yet available or tested under real
conditions. Preliminary cost estimates remain high and accuracy is not yet assured (Sattar et al.,
2018).

D.4  Examples of Building Occupancy Resumption Programs and Other Similar
Programs

In a building occupancy resumption programs (BORP) model, the building owner contracts with
individual engineers to conduct a pre-event evaluation and to provide a post-earthquake
evaluation of a building. After going through a formal approval process, engineers are
authorized to post the building with ATC-20-1 placards under the authority of the local
jurisdiction. In an earthquake response, engineers essentially act as deputies of the local
jurisdiction. Participation in the program requires annual maintenance. The full process is
documented on the San Francisco Department of Building Inspection’s website.>” This model
has been adopted by many jurisdictions outside of San Francisco. For example, several cities in
Southern California have adopted programs called Back to Business (B2B), modeled after
BORP.

In contrast to the BORP model, the Advisory Tag System (Figure D-1) is less formal. In this
model, agreements between the building owner and the engineer or engineering firm are only
between the two entities, and not reviewed by the local jurisdiction. Although formal

Y g

1. Contract (Owner/Professional) 2, Event 3. Professional
[agreement (Owner/Jurisdiction) ATC-20 eval

4. Professional Posts

Advisory Placard 5. Professional
Notifies Jurisdiction

6. Jurisdiction Posts
Official Placard

Figure D-1 Advisory Tag System process (courtesy of DCI Engineers).

agreements can be developed between the building owner and the jurisdiction prior to an event,
documentation is not required. A pre-event building assessment is recommended. In an

37 https://sfdbi.org/borp
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earthquake response, the engineer performs an ATC-20 evaluation, but posts an “advisory tag”
instead of the jurisdiction’s placard. The advisory tag does not carry the legal authority of the
jurisdiction, so at some point in time, the jurisdiction must follow up with its official placard.
However, the advisory tag serves two purposes: (1) it gives building safety information to the
building owner and building occupants in the time between the event and the time the
jurisdiction can evaluate the building; and (2) it can serve as a screening and prioritization tool
for the responding jurisdiction.

The Advisory Tag System process is documented in a white paper published by the Washington
Association of Building Officials®® and the Structural Engineers Association of Washington®.
The expectation is that local jurisdictions will rely on the engineer’s conclusions in most cases
and post the building accordingly. The process also includes a recommendation that in the event
the jurisdiction disagrees with the engineer who posted the advisory tag, the jurisdiction should
contact the engineer to discuss the different conclusions. This system has been adopted by the
City of Seattle Department of Construction and Inspections, and is being promoted in the state of
Washington through building safety evaluator training and presentations to emergency managers.

Local governments need to consider the cost of administering such programs and building
owners need to consider the direct cost of participating in these programs. For example, an
engineering firm is likely to charge a fee to be placed on a retainer, and to do any preliminary
structural evaluations. The benefit should be faster determination of whether a building can be
reoccupied. BORP and other similar program arrangements must be made before an earthquake,
since engineering firms are unlikely to be available for immediate hire following an earthquake,
and time is needed to conduct per-event building assessments. Engineering firms must be
careful to guard against over-commitment in the event of a large, nearby earthquake; they may
discover that they have more exposure than anticipated as a result of their agreements for
conducting post-earthquake evaluations.

38 https://www.wabo.org/assets/SEAWPapers/wabo-seaw%20wp-5%20final%20.pdf
3 https://www.seaw.org/s/ WABO-SEAW-WP-5.pdf
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