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Preface

In the spring and summer of 2013, the Presidential Hurricane Sandy
Rebuilding Task Force (established through Executive Order 13632)
developed its Infrastructure Resilience Guidelines to ensure that fed-
eral agencies incorporate key principles of resilience into their formula-
tion, evaluation, and prioritization of infrastructure investments related
to Sandy rebuilding. To assess the potential effects of the guidelines,
the U.S. Department of Homeland Security sponsored a study by the
RAND Corporation to assess federal agencies’ implementation of the
guidelines. This report briefly summarizes the study’s results, drawing
on interviews and documents from federal agencies, state and local
governments, and nongovernmental organizations. We describe imple-
mentation processes and highlight lessons learned. The findings will be
of interest to policymakers in federal, state, and local agencies and to
other organizations and individuals engaged in activities and initiatives
to enhance the resilience of U.S. infrastructure.

The RAND Homeland Security and Defense Center

The research reported here was conducted in the RAND Home-
land Security and Defense Center (HSDC) under contract
No. WIIWAW-12-C-0030. Center projects examine a wide range
of risk-management problems, including coastal and border security,
emergency preparedness and response, defense support to civil authori-
ties, transportation security, domestic intelligence, and technology
acquisition. Center clients include the U.S. Department of Homeland
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Security, the U.S. Department of Defense, the U.S. Department of
Justice, and other organizations charged with security and disaster pre-
paredness, response, and recovery.

HSDC is a joint center of two research divisions: RAND Justice,
Infrastructure, and Environment and the RAND National Security
Research Division. RAND Justice, Infrastructure, and Environment is
dedicated to improving policy and decisionmaking in a wide range of
policy domains, including civil and criminal justice, infrastructure pro-
tection and homeland security, transportation and energy policy, and
environmental and natural resource policy. The RAND National Secu-
rity Research Division conducts research and analysis for all national
security sponsors other than the U.S. Air Force and the Army. The
division includes the National Defense Research Institute, a federally
funded research and development center whose sponsors include the
Office of the Secretary of Defense, the Joint Staff, the Unified Combat-
ant Commands, the defense agencies, and the U.S. Department of the
Navy. The National Security Research Division also conducts research
for the U.S. intelligence community and the ministries of defense of
U.S. allies and partners.

Questions or comments about this report should be sent to the
project leaders, Melissa Finucane (Melissa_Finucane@rand.org) and
Henry Willis (Henry Willis@rand.org). For more information about
the Homeland Security and Defense Center, see http://www.rand.org/
hsdc or contact the director at hsdc@rand.org.
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Summary

In October 2012, Hurricane Sandy struck the East Coast of the United
States, devastating communities across the region. This disaster moti-
vated the federal government to examine how it might improve com-
munity and infrastructure resilience so that communities are better
prepared for existing and future threats, including those exacerbated
by climate change. Resilience involves enabling a region to withstand
the effects of a disaster, respond effectively, recover quickly, adapt to
changing conditions, and manage future disaster risk over time.

To ensure that federal agencies incorporate key principles of resil-
ience into their formulation, evaluation, and prioritization of infrastruc-
ture investments related to Sandy rebuilding, the Presidential Hurricane
Sandy Rebuilding Task Force developed its Infrastructure Resilience
Guidelines in the spring and summer of 2013.! The aims of the guide-
lines are to (1) ensure that federal agencies have a consistent approach
to building resilience and (2) improve decisionmaking to better protect
communities and to ensure wise investment of scarce public resources
by setting criteria for investment and by helping align projects with
national policy goals. The seven principles in the guidelines are

1. comprehensive analysis
2. transparent and inclusive decision processes

1" On December 7, 2012, President Barack Obama signed Executive Order 13632 establish-
ing the Hurricane Sandy Rebuilding Task Force for the purpose of ensuring government-
wide and regional coordination and guidance as communities were making decisions about
long-term rebuilding (see Hurricane Sandy Rebuilding Task Force, 2013a).
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regional resilience

long-term efficacy and fiscal sustainability
environmentally sustainable and innovative solutions
targeted financial incentives

adherence to resilience performance standards.

NN W

Each principle is described at a general level in the task force report (see
Hurricane Sandy Rebuilding Task Force, 2013a, pp. 49-53).

On behalf of the U.S. Department of Homeland Security and
the Ciritical Infrastructure Security and Resilience Interagency Policy
Committee’s Subcommittee on Recovery and Mitigation, the RAND
Corporation conducted an initial assessment of federal agencies’ imple-
mentation of the guidelines. The main goal of this study was to identify
the opportunities and challenges encountered when implementing the
guidelines. Specific study objectives were as follows:

 Examine whether and how the guidelines have been implemented
in decisions about how to spend federal funds to recover from
Hurricane Sandy.

* Identify lessons learned from implementing the guidelines
(including opportunities and challenges).

* Consider whether the same guidelines could be implemented
when allocating federal funds for infrastructure in nonrecovery
environments.

We conducted semistructured interviews from July 7 to
September 19, 2014, with a total of 67 individuals employed by federal,
state, and local government agencies and departments and nongov-
ernmental organizations, some of which received Sandy supplemental
funds for infrastructure projects. Interviewees were selected to reflect
a diverse range of organization types, decisionmaker perspectives, and
sectors. In some instances, interviewees provided documentation, such
as announcements of federal funding opportunities or requests for pro-
posals, that incorporated the resilience principles reflected in the guide-
lines as criteria for funding. An analysis of the interview notes and
documents provided information on different approaches to imple-
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menting the guidelines, the opportunities or challenges encountered
during implementation, and whether the guidelines would be feasible
to implement in nonrecovery environments.

Our analysis indicated that the Infrastructure Resilience Guide-
lines reinforced the approach to resilience principles that many agen-
cies have been pursuing in recent years. For example, several federal
agencies had adopted the revised resilience principles for critical infra-
structure developed by the American Society of Civil Engineers based
on the lessons learned from Hurricane Katrina. Additionally, the Presi-
dent’s Climate Action Plan (Executive Office of the President [EOP],
2013b) and Executive Orders 13653 (EOP, 2013¢) and 13514 (EOP,
2009) encourage federal agencies to include resilience in policies, pro-
grams, and projects. Other relevant executive policy documents include
Presidential Policy Directive 8 on National Preparedness (EOP, 2011);
Presidential Policy Directive 21 on Ciritical Infrastructure Security and
Resilience (EOP, 2013a); and the Department of Homeland Securi-
ty’s National Infrastructure Protection Plan 2013: Partnering for Critical
Infrastructure Security and Resilience (DHS, 2013a). All of these efforts
have been encouraging federal agencies to consider and incorporate
resilience. As such, organizations already familiar with or embracing
resilience principles found it easier to implement the guidelines than
did those that were encountering these principles for the first time.
Building community and infrastructure resilience via a holistic systems
approach (i.e., one that underscores the dynamic links among human,
social, physical, economic, and natural resources) was a new concept
for some agencies and their grantees. For others, the focus on green
infrastructure and nature-based solutions to deal with flooding and
other storm impacts was a new pursuit. Our interviews also revealed
that jurisdictions that had already established a good understanding
of resilience and had identified data on communities and structures
at risk were more efficient in putting the Sandy supplemental funds to
work and prioritizing longer-term results over solving immediate needs.

The main challenges identified by interviewees underscored
common difficulties in complex interagency initiatives. For instance,
finding the right level of specificity in the guidelines is difficult if they
are to be applied broadly yet meaningfully across diverse sectors and
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locations. Diverse contexts also result in diverse interpretations and
metrics for resilience, which makes it difficult to know whether the
guidelines are being followed or whether the intended progress is being
made. Interviewees expressed a strong desire for a more streamlined
approach to prioritizing the myriad guidance, executive orders, frame-
works, and plans related to resilience. They also suggested that scien-
tific evidence needs to be developed to guide decisions about how to
meet resilience performance standards.

Overall, the guidelines were viewed as reflecting worthy resiliency
principles that merit broader pursuit—and not just in a recovery con-
text. In addition, the guidelines could be complemented with more in-
depth consideration by the federal government about a comprehensive
set of strategies for achieving resilience.
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CHAPTER ONE
Introduction

The United States is increasingly threatened by natural disasters, reflect-
ing the changing demographic and socioeconomic characteristics of
coastal populations, the nation’s aging infrastructure, and the influ-
ences of sea-level rise and other climate change effects (Munich Re,
2012; National Climatic Data Center, no date; Pielke et al., 2008). In
October 2012, Hurricane Sandy struck the East Coast of the country,
devastating communities across the region. Soon thereafter, the Disas-
ter Relief Appropriations Act (DRAA) of February 29, 2013, or the
Hurricane Sandy supplemental bill, provided more than $50 billion to
help communities rebuild.

The scale of the Hurricane Sandy disaster motivated the federal
government to examine how it might increase support for communi-
ties to be better prepared for existing and future threats, including
those exacerbated by climate change. Recognizing the magnitude of
the event and the rebuilding challenges faced by the region, President
Barack Obama signed Executive Order 13632 on December 7, 2012,
establishing the Hurricane Sandy Rebuilding Task Force to ensure
governmentwide and regional coordination and guidance as commu-
nities make decisions about long-term rebuilding.

In the spring and summer of 2013, the Hurricane Sandy Rebuild-
ing Task Force developed its Infrastructure Resilience Guidelines to
ensure that federal agencies incorporated key principles of resilience
into their formulation, evaluation, and prioritization of infrastructure
investments related to Sandy rebuilding. The National Protection and
Programs Directorate (NPPD) in the U.S. Department of Homeland
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Security (DHS) co-led the working group responsible for developing
the guidelines, which represent a shared understanding of the resil-
ience principles that should be used by the federal agencies involved
in rebuilding. Resilience involves enabling a region to withstand the
effects of a disaster, respond effectively, recover quickly, adapt to chang-
ing conditions, and manage future disaster risk. The guidelines create a
framework for evaluating investments in infrastructure during disaster
recovery, whether through grants, loans, programs, or projects.

The aims of the guidelines are to (1) ensure that federal agencies
have a consistent approach to building resilience and (2) improve deci-
sionmaking to better protect communities and to ensure wise invest-
ment of scarce public resources by setting criteria for investment and by
helping align projects with national policy goals. The seven principles
in the guidelines are as follows:

1. comprehensive analysis—using comprehensive, forward-
looking, and science-based analysis, including quantitative and
qualitative measures of public health and safety, economic,
social, environmental, and cascading impacts; changes to cli-
mate and developmental patterns; inherent risk and uncer-
tainty; and the monetization of impacts

2. transparent and inclusive decision processes—applying
multicriteria decision analysis, including a benefit-cost analysis
and sharing decision criteria, evaluation processes, and findings
with all stakeholders

3. regional resilience—working collaboratively with partners
across all levels of governance and the private sector to promote
a regional and cross-jurisdictional approach to resilience

4. long-term efficacy and fiscal sustainability—monitoring and
evaluating the efficacy and sustainability of the implemented
project, taking into account changing environmental condi-
tions, such as sea-level rise or changing development patterns,
using risk management tools and changing funding sources

5. environmentally sustainable and innovative solutions—ensuring
that investments align with the President’s Climate Action Plan
and achieve operational resilience while also supporting federal
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goals to promote innovation, sustainability, reduced environ-
mental and public health impacts, and opportunities to leverage
natural systems

6. targeted financial incentives—implementing meaningful finan-
cial incentives or funding requirements to promote the incorpo-
ration of resilience and risk mitigation into infrastructure proj-
ects

7. adherence to resilience performance standards—facilitating
the development of resilience performance standards for infra-
structure and using these performance standards when selecting
infrastructure investments.

Each principle is described at a general level in the task force
report (see Hurricane Sandy Rebuilding Task Force, 2013a, pp. 49-53).
The task force recognized that the resilience principles reflected in the
guidelines would be new to some agencies. Expectations about how
agencies should incorporate the guidelines were described in a webi-
nar (Hurricane Sandy Rebuilding Task Force, 2013b) and in follow-
up communications. In general, the guidelines were incorporated into
Federal Register notices or requests for proposals (RFPs) with selection
criteria reflecting resilience principles. Most federal agencies—e.g.,
U.S. Department of Housing and Urban Development (HUD), Fed-
eral Emergency Management Agency (FEMA), U.S. Environmental
Protection Agency (EPA), and U.S. Department of Transportation
(DOT)—relied on existing programs to distribute the Sandy supple-
mental funds. An exception was the U.S. Department of the Interior
(DOI), which developed a new program (examples are described in
Chapter Two).

The guidelines were originally intended to be used for deci-
sions related to the Sandy supplemental funds. However, the Hurri-
cane Sandy Rebuilding Task Force (2013a) report recommended that
the NPPD in DHS, under the policy leadership of the White House
National Security Staff, establish an interagency process to assess the
value and feasibility of expanding the use of the guidelines beyond
Sandy recovery efforts. On behalf of DHS and the Critical Infrastruc-
ture Security and Resilience Interagency Policy Committee’s Subcom-
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mittee on Recovery and Mitigation, the RAND Corporation con-
ducted an initial assessment of federal agencies’ implementation of the
guidelines and opportunities or challenges to be considered regarding
use of the guidelines when allocating federal funds for infrastructure in
nonrecovery (i.e., nondisaster) contexts.

Goal and Objectives

The main goal of this study was to identify the opportunities and chal-
lenges encountered when implementing the Infrastructure Resilience
Guidelines. Specific study objectives were as follows:

* Examine whether and how the guidelines have been implemented
in decisions about how to spend federal funds to recover from
Hurricane Sandy.

* Identify lessons learned from implementing the guidelines
(including opportunities and challenges).

* Consider whether the same guidelines could be implemented
when allocating federal funds for infrastructure in nonrecovery
environments.

The Sandy supplemental funds were distributed primarily through
HUD’s Community Development Block Grant (CDBG) program,
DOT’s Emergency Relief Program, and FEMA’s hazard mitigation
and public assistance grants.! This initial assessment of the guidelines’
implementation focused mainly on the processes related to funding
allocation decisions (rather than on project activities per se). Such an

I HUD’s CDBG program provides grants to state and local governments using a formula

composed of several measures to address unique community development needs. DOT’s
Emergency Relief Program provides funds for emergency repairs of federal-aid highways,
roads on federal lands, and public transportation systems that have suffered serious damage
as a result of natural disasters or catastrophic failure from an external cause. FEMA pro-
vides grants to state and local governments after a major disaster declaration via the hazard
mitigation program to implement long-term hazard mitigation measures and through the
public assistance program for debris removal, emergency protective measures, and the repair,
replacement, or restoration of disaster-damaged facilities.
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examination was needed because many major infrastructure projects
are just now getting started (two years after Hurricane Sandy) and they
are, by definition, large and complicated projects that require lengthy
planning, coordination, and approval processes. Thus, this study
focused only on experiences during implementation of the guidelines
and not on the effectiveness of the guidelines in increasing infrastruc-
ture resilience; we also focused only on infrastructure investments and
not on noninfrastructure-related resilience.

Study Approach

To address the study’s objectives, RAND researchers conducted
31 semistructured interviews with a total of 67 individuals from July 7
to September 19, 2014. The diverse sample included 48 individu-
als from 14 federal departments or agencies and 19 individuals from
ten state and local governments and nongovernmental organizations,
about 71 percent of which received Sandy supplemental funds for
infrastructure projects (see Table 1.1 for interviewees™ affiliations and
roles). We included organizations that did not receive funds because,
regardless of the Sandy supplemental, their missions and responsibili-
ties indicated that they may have relevant perspectives on developing
the guidelines, incorporating resilience parameters into allocation of
federal funding, and building infrastructure resilience. Our goal was
to solicit a diverse (as opposed to representative) set of views. Hence, we
recruited interviewees using a purposive sampling technique to obtain
a sample drawn from a range of organization types (e.g., federal, state,
or local government; contractors; consultants; professional organiza-
tions; nongovernmental organizations), decisionmaker perspectives
(e.g., agency director, project leader), and sectors (e.g., planning, urban
development, security, health, environment, commerce, insurance, sci-
ence standards, engineering, technology, transport).

During the interviews, we asked about how the guidelines had
been used in different contexts, whether any opportunities or chal-
lenges were encountered during implementation, how the guide-
lines were communicated, and whether implementing the guidelines
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Table 1.1

Interviewees’ Affiliations and Roles

Participated in Planning or
Observed Process, but Did

Category Received Funding Not Receive Funding
Federal DHS e Council on Environmental
government o FEMA Quality

DOI e DHS

DOT o Office of Policy

State and local
government

Contractors,
consultants,
professional
organizations, and
nongovernmental
organizations

o Federal Highway Administra-
tion (FHWA)

o Federal Transit Administration

(FTA)
HUD
U.S. Army Corps of Engineers
(USACE)
U.S. Department of Commerce
o National Oceanic and
Atmospheric Administration
(NOAA)
U.S. Department of Health and
Human Services
U.S. Department of Veterans
Affairs
U.S. Environmental Protection
Agency
U.S. General Services
Administration
U.S. Small Business
Administration

City of Norfolk, Virginia

City of Hoboken, New Jersey
New Jersey Governor's Office of
Recovery and Rebuilding

New York City Mayor's Office
New York Rising Community
Reconstruction Program

American Littoral Society
National Fish and Wildlife
Foundation (NFWF)

e Office of Science and
Technology Policy, White
House
e U.S. Department of
Commerce
o Economic
Development
Administration

o National Institute
of Standards and
Technology (NIST)

e U.S. Department of
Treasury
o Federal Insurance

Office

Not relevant

e American Society of Civil
Engineers

e Insurance Institute for
Business and Home Safety

e The Infrastructure
Security Partnership

NOTE: We also contacted individuals at several other federal agencies not listed

here but did not interview them in detail because they did not receive funds for
large infrastructure projects or did not participate significantly in planning or
observing. (Examples include the U.S. Department of Energy, U.S. Department of
Agriculture, U.S. Department of Defense, Office of the Under Secretary of Defense
for Policy, Office of the Under Secretary of Defense for Homeland Defense, and U.S.
Department of Health and Human Services Administration for Children and Families.)
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would be feasible in nonrecovery environments (see Appendix A for
the semistructured interview protocol). In some instances, interview-
ees provided documentation, such as announcements of federal fund-
ing opportunities or RFPs, that incorporated the resilience principles
reflected in the guidelines as criteria for funding. We used a keywords-
in-context technique (Tesch, 1990) to identify qualitative themes in
interview notes and documents. The study methods are described in
more detail in Appendix B.

Overview of This Report

In this report, we briefly summarize the assessment methods and results
of the qualitative data analysis. Because early distribution of Sandy
supplemental funding preceded the development of the guidelines, we
present a timeline of related events to reflect that some events may have
influenced implementation of the guidelines and some events may have
been influenced by implementation of the guidelines. In Chapter Two,
we describe what we heard in our interviews about how federal agencies
have implemented the guidelines and how they communicated them
to grantees who would carry out specific recovery projects. In Chapter
Three, we identify lessons learned, including opportunities and chal-
lenges raised by implementing the guidelines. In Chapter Four, we
share the opinions of our interviewees about whether and how imple-
mentation might be applied more broadly, not just in response to disas-
ters. Finally, in Chapter Five, we present a summary of findings and
conclusions from this study. The report will be useful for individuals
and organizations contemplating how to improve infrastructure resil-
ience on a national level. In particular, the findings will be informative
for deliberations by members of federal interagency working groups,
such as the Ciritical Infrastructure Security and Resilience Interagency
Policy Committee’s Subcommittee on Recovery and Mitigation.






CHAPTER TWO

How the Infrastructure Resilience Guidelines
Have Been Implemented

To assess the perceived value and feasibility of the Infrastructure Resil-
ience Guidelines (i.e., the extent to which the guidelines were con-
sidered worthwhile and were able to be implemented when distrib-
uting Sandy supplemental funds), we first needed to determine how
the guidelines have been used in decisions about how to spend federal
funds to recover from Hurricane Sandy. To address this question, we
asked our interviewees to share their knowledge of the guidelines and
how they have been implemented, if at all, in the context of their spe-
cific agency or jurisdiction’s infrastructure investments. We explored
both how implementation of the guidelines may change how federal
funds for infrastructure are distributed and how the guidelines are
communicated. Overall, we found that the two main factors influenc-
ing implementation relate to the timing of the release of the guidelines
relative to the availability of Sandy supplemental funds and the mecha-
nisms (approaches) available to implement them.

Timing of the Release of the Guidelines Relative to the
Availability of Sandy Supplemental Funds

Table 2.1 shows a timeline of events, including Hurricane Sandy’s
landfall, funding availability and allocation, and the publication of
the guidelines and other documents. Importantly, the guidelines were
published after some of the Sandy supplemental funding had been
distributed. For instance, HUD’s CDBG funds are being distributed in
three tranches (tranche 1 in March 2013, tranche 2 in November 2013,
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Table 2.1
Timeline of Events Relevant to the Publication of the Infrastructure
Resilience Guidelines

Date Event

2009 American Society of Civil Engineers publishes Guiding Principles for
the Nation’s Critical Infrastructure (2009).

October 29, 2012 Hurricane Sandy moves ashore near Brigantine, New Jersey.

December 2012 NOAA and USACE collaborate on “Infrastructure Systems
Rebuilding Principles” (released publicly on February 28, 2013; see
NOAA and USACE, 2013).

January 29, 2013 President Obama signs the Disaster Relief Appropriations Act.

February 6, 2013 FTA publishes “Availability of Emergency Relief Funds in Response
to Hurricane Sandy.” (See FTA, 2013a.)

March 5, 2013 HUD publishes notice for “Allocations, Common Application,
Waivers, and Alternative Requirements for Grantees Receiving
Community Development Block Grant (CDBG) Disaster Recovery
Funds in Response to Hurricane Sandy” (2013a, tranche 1).

March 11, 2013 USACE publishes First Interim Report: Disaster Relief Appropriations
Act, 2013 to provide the Senate and House Committees on
Appropriations with an assessment of authorized construction
projects and those under construction. (See USACE, 2013a.)

March 29, 2013 FTA publishes “Allocation of Public Transportation Emergency Relief
Funds in Response to Hurricane Sandy.” (See FTA, 2013b.)

April 2013 DOl receives its first of two allocations of Sandy supplemental
funding (directed to bureaus to, for instance, repair the Statue of
Liberty, Gateway, Ellis Island, and an oil test facility; see DOI, 2013).

April 19, 2013 HUD publishes notice for “Clarifying Guidance, Waivers, and
Alternative Requirements for Hurricane Sandy Grantees in Receipt
of Community Development Block Grant Disaster Recovery Funds”
(2013b). The notice clarifies the general requirements and changes
the elevation requirements from the March 5, 2013, notice.

May 1, 2013 EPA releases a memo regarding DRAA 2013 funding to provide
guidance on requirements for state revolving Capital Fund grants.
(See Sawyers and Grevatt, 2013.)

May 29, 2013 FTA publishes notice of “Second Allocation of Public Transportation
Emergency Relief Funds in Response to Sandy: Response, Recovery,
and Resiliency.” (See FTA, 2013c.)

HUD publishes notice of “Allocations, Waivers, and Alternative
Requirements for Grantees Receiving Community Development
Block Grant Disaster Recovery Funds in Response to Disasters
Occurring in 2011 or 2012.” (See HUD, 2013c.)
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Table 2.1—Continued

Date Event

May 30, 2013 USACE publishes Second Interim Report Disaster Relief
Appropriations Act, 2013 to provide the Senate and House
Committees on Appropriations with assessments of previously
authorized but unconstructed projects and projects under study
by the Corps for reducing flooding and storm damage risks in the
affected area.

June 2013 DOI’s Strategic Sciences Group develops resilience criteria to
evaluate potential projects for internal competition for Sandy
supplemental funds.

June 18, 2013 FEMA publishes Mitigation Policy FP-108-024-01 (FEMA, 2013)
to identify and quantify the types of environmental benefits it
will consider in its benefit-cost analysis for acquisition projects
under Hazard Mitigation Assistance programs. Traditionally, FEMA
considers the cost of the mitigation project and the cost associated
with future damages avoided in determining cost effectiveness.

June 25, 2013 President Obama'’s Climate Action Plan is released. (See Executive
Office of the President [EOP], 2013b.)

July 19, 2013 USACE promulgates guidance requiring that the Comprehensive
Study due to Congress in January 2015 include a multiagency
framework for identifying and reducing coastal flood risks,
including those posed by sea-level rise and climate change (inclusive
of recommendations for modification of existing risk reduction
projects where appropriate).

August 2013 The Hurricane Sandy Rebuilding Task Force (2013a) releases
Hurricane Sandy Rebuilding Strategy: Stronger Communities, a
Resilient Region (see pp. 49-53 for the Infrastructure Resilience
Guidelines).

August 28, 2013 NOAA posts a federal funding opportunity for 2013 DRAA funding
for coastal resilience networks. (See NOAA, 2013.)

August 2013 DOI announces that NFWF will administer the Hurricane Sandy
Coastal Resiliency Competitive Grant. (See NFWF, 2013.)

October 28, 2013 DOI's second of two allocations of Sandy supplemental funding is
released via an external RFP, the Hurricane Sandy Coastal Resiliency
Competitive Grants Program.

November 1, The President issues Executive Order 13653, “Preparing the

2013 United States for the Impacts of Climate Change.” It instructs
federal agencies to consider climate change in their policies and
procedures. (See EOP, 2013c.)
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Table 2.1—Continued

Date Event
November 6, USACE publishes Hurricane Sandy Coastal Projects Performance
2013 Evaluation Study: Disaster Relief Appropriations Act, 2013 (USACE,

November 18,
2013

December 23,
2013

December 26,
2013

January 31, 2014

April 21, 2014

June 3, 2014

September 30,
2014

Late 2014

January 2015

2013c¢), which reports findings from an evaluation of 75 completed
coastal storm damage reduction projects in the North Atlantic
Division (as well as 31 projects in the Great Lakes and Ohio River
Division and nine projects in the South Atlantic Division) and
includes preliminary discussion of observed impediments to delivery
of more-comprehensive risk reduction along coastlines affected by
Hurricane Sandy.

HUD publishes “Notice for Second Allocation, Waivers, and
Alternative Requirements for Grantees Receiving Community
Development Block Grant (CDBG) Disaster Recovery Funds in
Response to Hurricane Sandy” (tranche 2; see HUD, 2013d). The
Infrastructure Resilience Guidelines are incorporated in the Notice.

FEMA publishes guidance allowing Hazard Mitigation Assistance
applicants to incorporate sea-level rise in their Hazard Mitigation
Grant Program and Public Assistance Grant Program projects, where
it is cost-effective to do so. (See Wright, 2013.)

FTA publishes “Notice of Funding Availability for Resilience Projects
in Response to Hurricane Sandy” for tranche 3 of funding (FTA,
2013d). Awards were expected to be announced in late 2014.

NFWEF requires proposals to integrate resilience guidelines. (See
NFWF, 2014.)

FEMA publishes Mitigation Policy 203-074-1 (FEMA, 2014), requiring
recipients of Hazard Mitigation Grant funding to meet the
standards of American Society of Civil Engineers standard 24, Flood
Resistant Design and Construction, a consensus set of flood design
and construction standards developed under the auspices of the
American Society of Civil Engineers and incorporated in the current
edition of the International Residential Code.

HUD publishes “Notice of Second Allocation, Waivers, and
Alternative Requirements for Grantees Receiving Community
Development Block Grant (CDBG) Disaster Recovery Funds in
Response to Disasters Occurring in 2013.” (See HUD, 2014.)

EPA to make awards to subrecipients.

Tranche 3 of HUD Sandy supplemental funds to be allocated.

USACE North Atlantic Coast Comprehensive Study due to Congress.
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and tranche 3 expected in late 2014). The guidelines were published
between the first two tranches, in mid-August 2013. Consequently,
decisions related to tranche 2 were influenced by the guidelines to vary-
ing degrees, but early spending decisions related to tranche 1 funds
were not influenced by the guidelines. Nonetheless, Sandy funding
issued prior to the release of the guidelines may still have been aligned
with similar resilience principles because of preexisting initiatives that
already guided decisionmakers (e.g., the collaboration between NOAA
and USACE on Infrastructure Systems Rebuilding Principles [NOAA
and USACE, 2013]; the resilience criteria developed by DOI’s Strategic
Sciences Group).!

Publishing the guidelines after some of the Sandy supplemental
funding was distributed was problematic for some organizations. In
some instances, interviewees noted that design specifications for proj-
ects initiated prior to the guidelines’ release needed to be reviewed or
revised to meet the guidelines (e.g., accounting for changing environ-
mental conditions, such as sea-level rise). In other instances, the project
design or process did not need to be altered, but additional explanation
was needed from grantees to explain how the project met the guidelines.

Mechanisms for Implementing the Guidelines

In general, the guidelines have been incorporated into Federal Register
notices or RFPs (covering many different possible projects, with selec-
tion criteria reflecting principles in the guidelines), with follow-up com-
munications and ongoing monitoring to refine project designs. Most
federal agencies (e.g., HUD, FEMA, EPA, DOT) have relied on exist-
ing programs to distribute the Sandy supplemental funds. An excep-
tion was DOI, which developed a new program. (See Table 2.2 for
sample programs.) Each program has required qualitatively different
mechanisms (approaches) to implement the guidelines. Although we
cannot compare practices of agencies that were and were not instructed

' Some interviewees also noted that the draft guidelines were circulated to agencies as early

as May 2013, though not formally issued until the task force report was finalized.
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Table 2.2

Sample Programs Used to Distribute Sandy Supplemental Funds
Agency Program

HUD Community Development Block Grant—Disaster Recovery

DHS FEMA  Hazard Mitigation Grant Program; Public Assistance Grant Program

DOT Public Transportation Emergency Relief Program
EPA State Revolving Fund
DOI New program including an internal competition for bureaus and

an external competition for local communities. The program was
administered by NFWF.

to implement the guidelines (because the task force recommended that
the guidelines apply to all agencies), it seems that the guidelines did
contribute to the modification of existing programs or development of
the new program for distributing Sandy supplemental funds.

HUD Adapted an Existing Program
HUD used the existing CDBG program to distribute Sandy supple-
mental funds.2 The Infrastructure Resilience Guidelines were fully
incorporated into the requirements for HUD’s tranche 2 CDBG disas-
ter recovery funds for major infrastructure projects (defined as covered
projects; HUD, 2013d). These projects have a total cost of $50 million
or more, including at least $10 million in CDBG disaster recovery
funds. The notice was further informed by Rebuild by Design, an
initiative of the Hurricane Sandy Rebuilding Task Force and HUD.
Because the CDBG program was created for community develop-
ment rather than disaster recovery, HUD needed to amend, waive,
and revise the requirements to apply the CDBG program to a recovery
context (see HUD, 2013a, 2013b).

To ensure that grantees (in this case, affected states and New
York City) incorporate the guidelines, HUD requires the grantees to
develop plans to address each of the seven principles (HUD, 2013d).

2 Kousky and Shabman (2013, p. 5) note that Congress began using the CDBG mecha-
nism for distributing disaster relief funds after Hurricane Katrina.
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HUD also relies on the Sandy Regional Infrastructure Resilience
Coordination Group (co-led by HUD and FEMA), a forum through
which grantees, HUD, and approximately 11 other federal agencies
vet and evaluate the extent to which CDBG proposals address the
guidelines, at least for covered projects. Notably, HUD’s influence on
the prioritization of projects is somewhat limited once the funds are
distributed because the states are responsible for identifying and select-
ing priority projects.

In April and May 2013, initial action plans were developed by
New York City, New York State, and New Jersey, outlining their
plans for the CDBG funding. Because the guidelines were published
subsequent to those plans, these jurisdictions needed to amend their
original action plans to address the guidance. HUD has committed
to on-site monitoring of the grantees twice a year, obtaining docu-
mented evidence to gauge both compliance and grantees’ understand-
ing of requirements. Once grantees start implementing the plans, they
will submit quarterly performance reports. HUD also communicates
weekly with grantees on a variety of topics (see Appendix C for exam-
ples of sample grantees).

FEMA Used an Existing Program

Another example of an agency using an existing program is FEMA,
which used its Hazard Mitigation Grant Program and Public Assis-
tance Grant Program, which already had in place processes consistent
with the guidelines. Authorized under Section 404 of the Robert T.
Stafford Disaster Relief and Emergency Assistance Act, the Hazard
Mitigation Grant Program provides grants to state and local govern-
ments after a major disaster declaration to implement long-term hazard
mitigation measures. The purpose of the program is to reduce the loss
of life and property due to natural disasters and to enable immedi-
ate implementation of mitigation measures following recovery from
a disaster. The Public Assistance Grant Program is more focused on
providing assistance so that communities can quickly respond to and
recover from major disasters. Eligible activities include debris removal,
emergency protective measures, and the repair, replacement, or restora-
tion of disaster-damaged, publicly owned facilities and the facilities of
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certain private nonprofit organizations. The program also encourages
protecting damaged facilities from future events during the recovery
process by providing assistance with hazard mitigation measures.

One modification to FEMA’s existing process came from Section
428 of the 2013 Sandy Recovery Improvement Act. This section allowed
recovery projects to be paid based on estimates, which sped up recov-
ery. FEMA also elevated focus on resilience concepts by issuing memos
with guidance to include sea-level rise data (December 23, 2013) and
environmental benefits (June 18, 2013) into benefit-cost analyses.

DOT Used an Existing Program

DOT is an agency with a long history of responding to emergencies
and therefore has existing emergency rule authority granted by Con-
gress and established processes through which emergency relief fund-
ing is distributed (such as the emergency relief programs of FTA and
FHWA). Following Hurricane Sandy, DOT was able to distribute
funds for immediate response and recovery needs, set aside funds for
future recovery needs, and distribute funds for major long-term resil-
ience projects, including through a competitive process. Resilience
principles are evident in the FTA’s competitive resilience notice of fund-
ing availability and allocations from December 26, 2013 (tranche 3 of
its Sandy supplemental funds), which was developed around the same
time as the guidelines. The notice explicitly states that FTA considered
the Infrastructure Resilience Guidelines in developing its solicitation,
and the evaluation criteria reflect these principles. This approach builds
on resilience principles (e.g., regional collaboration) already covered in
the existing transportation planning process.

EPA Used an Existing Program

A third example of an agency using an existing program is the EPA’s
Office of Water, which was instructed by the DRAA to use the existing
State Revolving Fund process for any municipal water systems seek-
ing assistance. Interviewees noted that existing procedures captured
many of the principles in the guidelines. The states, under the estab-
lished Revolving Fund process, identified projects and accepted mul-
tiple applications from affected communities. From those applications,
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the states selected projects for which intended use plans are still being
developed. Intended use plans are required from states as part of the
process to request federal capitalization grants, which describes the
intended use of all State Revolving Funds expected to be available and
will be matched with 20 percent from state funds. Although the exist-
ing Revolving Fund process primarily drove funding decisions, the EPA
did incorporate resilience principles such as socioecological interdepen-
dencies in ways not considered before. For instance, guidance provided
in a memo from the Office of Wastewater Management (4201M) and
the Office of Ground Water and Drinking Water (4601M) explained
that projects eligible under the DRAA include planning projects that
analyze the best approach to integrate system and community sustain-
ability and resiliency priorities.

DOI Established a New Program

In contrast to the above existing programs used to distribute Sandy
supplemental funds, DOI established a new, one-time program to
distribute funds in two ways: through an internal competition for
bureaus (awarded in October 2013) and an external competition for
local communities (awarded in June 2014). This new program was
developed through a partnership with NFWF, which was contracted
to administer the award program according to criteria established by
DOIL. In the following sections, we describe briefly how the guide-
lines were followed as the money flowed downstream from the Sandy
supplemental program to agencies and grantees carrying out specific
resilience projects.

Internal Competition

For the internal competition, DOI asked its bureaus to submit projects
related to DOI assets, refuges, park service units, tribes, and scien-
tific advancement that would build resilience to future storms in the
Sandy-affected area. The focus was on green infrastructure,? improving
community resilience, nature-based solutions, and research on how to

3 The NFWF RFP defines green infrastructure as follows: “These projects may include
rebuilding natural systems in communities, such as wetlands, floodplains and forests, or
applying green/‘nature-based’” stormwater management techniques including projects that
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incorporate nature-based solutions. Because the internal competition
was on a faster track than the external competition, DOI asked its
Strategic Sciences Group to help it establish resilience criteria against
which it could evaluate the merits of potential projects. These criteria
were developed at about the same time as the guidelines and reflected
similar principles. DOI communicated these resilience criteria to its
bureaus by having the scientists who developed the criteria also explain
them. The criteria were also expressed in the guidance that served as
the internal RFP for the bureaus to request funding for resilience proj-
ects. Proposals needed to explain how the project would meet the resil-
ience criteria, and all proposals were reviewed by an interagency team
of technical experts.

External Competition

The purpose of the external competition was to provide grant funding
for resilience efforts to state and local governments, as well as non-
profit and academic institutions. Like the internal competition, the
focus was on green infrastructure, improving community resilience,
and nature-based solutions. In developing the grant competition and
the criteria that would be used to evaluate the projects, NFWF worked
with staff from DOI headquarters and a regional leadership team that
included representatives from all of the bureaus. In developing the
grant criteria, NFWF took into account the resilience criteria devel-
oped by the Strategic Sciences Group and the Infrastructure Resil-
ience Guidelines. NFWF further complemented those criteria with
its Coastal Resilience Conservation Framework. The framework took
the effort a step further by attempting to define outcomes related to
the program. It incorporated the resilience criteria of DOI’s Strategic
Sciences Group and the larger set of recommendations developed by
federal agencies, including the Infrastructure Resilience Guidelines,
and developed an investment strategy to help accomplish DOI’s goals.

infiltrate, capture and reuse stormwater to maintain or restore natural hydrology and prevent
overflows and flooding” (NFWF, 2014).

4 The Strategic Sciences Group was established after the Deepwater Horizon Oil Spill in
the Gulf of Mexico to assess immediate science needs following a disaster. This group is com-
posed of scientists from the U.S. Geological Survey and the National Park Service.
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NFWF’s board would now like to see the resiliency principles applied
to all its work to the extent feasible (some examples of DOI grantees

via NFWF can be found in Appendix C).

Summary of Timing and Mechanisms for Implementing
the Guidelines

The two main factors influencing implementation of the Infrastructure
Resilience Guidelines relate to the timing of the release of the guide-
lines relative to the availability of Sandy supplemental funds and the
mechanisms available to implement the guidelines. Importantly, the
guidelines were published after some of the Sandy supplemental fund-
ing had already been distributed. As a result, design specifications for
some projects initiated prior to the guidelines’ release needed to be
reviewed or revised to meet the guidelines (e.g., to account for sea-level
rise projections). In general, the guidelines have been incorporated into
Federal Register notices and RFPs, with follow-up communications and
ongoing monitoring to refine project designs. Most federal agencies
(e.g., HUD, FEMA, DOT, EPA) have relied on existing programs to
distribute the Sandy supplemental funds. The nature of the guidelines
meant that modifications to some existing programs were needed (e.g.,
via waivers for HUD’s CDBG Disaster Recovery program). In other
cases (e.g., EPA), the DRAA directed the agency to use an existing
process. In contrast, DOI developed a new program to address the
guidelines. Criteria for funding decisions in DOI’s new program took
into account the resilience criteria developed by its Strategic Sciences
Group, the guidelines, and the NFWF Coastal Resilience Conserva-
tion Framework. These criteria required applicants to describe how
proposed projects would promote resilience, green infrastructure, and
regional collaboration.






CHAPTER THREE

Lessons Learned from Implementing the
Infrastructure Resilience Guidelines

The Infrastructure Resilience Guidelines reflect an innovative approach
to encouraging federal agencies to incorporate resilience principles in
their infrastructure investment decisions. To identify how the guide-
lines might be useful for guiding future decisions by federal agencies,
we explored the opportunities and challenges encountered in their
current implementation. Evaluating lessons learned contributes to the
iterative refinement of best practices for complex resilience programs
by providing information about the content of the guidelines, pro-
cesses related to implementing the guidelines, and conditions under
which the guidelines are implemented that facilitate or impede prog-
ress toward national resilience. To identify lessons learned, we asked
our interviewees to describe how implementation was facilitated, what
challenges were encountered, and what, if any, modifications they
would suggest to improve the guidelines. Below, we report examples
of suggestions that surfaced as repeated themes in the interviews and
illustrated diverse perspectives.

Lessons Learned from Conditions That Facilitated
Implementation of the Guidelines

In the following sections, we describe how implementation of the
guidelines was facilitated when federal agencies and other organiza-
tions were already familiar with or using similar resilience principles in
their decisionmaking, when there was broad federal government focus

21



22 |Initial Assessment of Implementation of the Infrastructure Resilience Guidelines

on resilience concepts, and when there was an established community
vision and planning process for resilience.

Agencies Incorporate Resilience Principles into Standard Processes
Prior to Hurricane Sandy, most of the federal agencies represented
by our interviews reported that they already had a good understand-
ing of key resilience principles and had initiated efforts to incorporate
the principles into their standard processes. For instance, many inter-
viewees reported that they had considered the concept of rebuilding
structures and systems to more-resilient standards to better withstand
future storms. Consensus among agencies about key resilience princi-
ples reflected that several related efforts occurred around the same time
that the guidelines were developed, which led to considerable cross-
pollination—for instance, between the DOI Strategic Sciences Group
that was developing resilience criteria (finalized in June 2013) to govern
DOI allocation decisions and the Sandy task force in its development
of the guidelines (released in August 2013). Similarly, NOAA and
USACE began developing joint rebuilding principles several months
before the task force began its efforts, publicly releasing a report in
2013. The NOAA-USACE collaboration incorporated a set of prin-
ciples by the American Society of Civil Engineers (from 2009), devel-
oped in response to lessons learned from Hurricane Katrina. Although
there is not a one-to-one correspondence, the seven principles listed
in the task force’s guidelines overlap significantly with the principles
outlined by the NOAA-USACE collaboration and the principles in the
American Society of Civil Engineers’ guide to protecting public safety,
health, and welfare (see Table 3.1).

Unsurprisingly, organizations already embracing resilience
principles found it easier to implement the Infrastructure Resilience
Guidelines (e.g., DOI, DOT, FEMA, NIST, NOAA, USACE, U.S.
Economic Development Administration, and U.S. General Services
Administration). For instance, FHWA has historically used the term
betterment rather than resiliency, which applies as long as improvements
meet the requirements of a risk-based benefit-cost analysis. Due to this
historical focus, DOT already had a culture of resilience, and its emer-
gency response program has been around for 80 years. Additionally,
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Table 3.1

Resilience Principles Presented by the Hurricane Sandy Rebuilding Task
Force, the NOAA-USACE Collaboration, and the American Society of Civil
Engineers

Hurricane Sandy American Society of Civil
Rebuilding Task Force NOAA-USACE Engineers Guiding Principles
Infrastructure Resilience  Infrastructure Systems for the Nation’s Critical
Guidelines (2013) Rebuilding Principles (2013) Infrastructure (2009)
e Comprehensive * Promote increased e Quantify, communicate,
analysis. recognition and and manage risk.
awareness of risks and
consequences.
e Transparent and e Collaborate across
inclusive decision multiple government
processes. and nongovernment

entities to develop
long-term strategies.

e Regional resilience. e Pursue a systems e Employ an integrated
approach that incor- systems approach.
porates natural, social,
and built systems as a

whole.

e Long-term effi- e Develop long-term e Exercise sound leader-
cacy and fiscal strategies. ship, management, and
sustainability. e Identify and pursue stewardship in decision-

economically viable making processes.
solutions.

e Environmentally e Promote the integra- e Adapt critical
sustainable and tion of natural and built infrastructure in response
innovative solutions. systems. to dynamic conditions

and practices.
e Adherence to resil-
ience performance
standards.

e Targeted financial
incentives.

climate adaptation projects have been going on for almost a decade on
the nonrecovery side because DOT recognized that climate change is
an important issue to consider during project planning and design (see
DOT, 2013). As a second example, the FTA broadly incorporates simi-
lar principles in its metropolitan and statewide transportation planning
process—a highly developed process that involves all regional partners.
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Similarly, a third example is the U.S. Economic Development
Administration’s experience incorporating resilience parameters into
grant funding. For more than a decade, it has used the term resilience
as a factor tracked in projects. In this way, it has focused on building
flexibility at the project level (rather than at the benefit-cost analysis
level) so that staff and applicants consider how resilience plays a role in
the full context of the project.

Notably, the resilience principle that seemed to be the newest
for agencies was the focus on building resilience via a holistic systems
approach (i.e., one that underscores the dynamic links among human,
social, physical, economic, and natural resources). This principle
prompted some agencies (e.g., NOAA) to focus more on integrating
the built environment and natural systems and other agencies (e.g.,
HUD) to focus more than before on green infrastructure. In contrast,
NIST has historically focused on systems-level thinking when estab-
lishing the technical basis for performance-based standards for build-
ing design (for earthquake hazard reduction, structural fire resistance,
and collapse prevention, for example). NIST has been building on that
work by exploring how a resilient-built environment supports commu-
nity social systems and, in 2015, expects to release its Disaster Resil-
ience Framework that supports the development of model resilience
guidelines. Consistent with the principles in the task force guidelines,
the NIST approach to resilience includes considering interconnected
systems, cascading effects, a regional perspective, delineation of perfor-
mance requirements, and flexibility to implement innovative solutions
to meet performance goals (rather than prescribing solutions).

Broad Federal Government Focus on Resilience Principles
Interviewees reported that implementation of the guidelines was facili-
tated by a broad federal government focus on resilience principles via
multiple initiatives. Introducing the guidelines in the context of broad
federal focus on the value of building resilience meant that the guide-
lines were viewed as providing additional support for agency efforts,
rather than sending them in different directions. Naturally, a common
focus across federal agencies supports alignment of public investment
decision processes with national policy goals.
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For instance, the guidelines are aligned with President Obama’s
Climate Action Plan (EOP, 2013b, released June 25, 2013, ahead of
the guidelines) and Executive Orders 13653 (EOP, 2013c, released
November 1, 2013) and 13514 (EOP, 2009, released October 5, 2009),
which led the Council on Environmental Quality to challenge agen-
cies to include resilience to climate change in their policies, programs,
projects, and operations as they develop their individual adaptation
plans. Additional executive policy documents that highlight the impor-
tance of resilience include Presidential Policy Directive 8 on National
Preparedness (EOP, 2011), Presidential Policy Directive 21 on Criti-
cal Infrastructure Security and Resilience (EOP, 2013a), and DHS’s
National Infrastructure Protection Plan 2013: Partnering for Critical
Infrastructure Security and Resilience (DHS, 2013a). The guidelines
are also aligned with FEMA’s 2013 National Mitigation Framework
(DHS, 2013b, updated in May 2014) and 2011 National Disaster
Recovery Framework.

Given that many federal agencies had already established a
resilience focus, implementing the guidelines did not require them
to develop new policies or procedures. However, some interviewees
did report sharpening their focus on specific resilience concepts. For
instance, on December 23, 2013, FEMA issued guidance to incorpo-
rate sea-level rise into hazard mitigation assistance benefit-cost analy-
sis. 'This guidance explained that FEMA is making the sea-level rise
information available and providing tools for benefit-cost analyses to
integrate climate change considerations into grant investment strate-
gies. Rather than calculating benefits on existing conditions and past
hazard events, this memo allows communities to use modeling data for
future risks. Thus, FEMA was able to provide additional support for
a forward-looking approach, consistent with the comprehensive analy-
sis principle in the guidelines, and consistent with the broader federal
focus on building long-term resilience.

In addition, some interviewees noted that the broad focus on
resilience across agencies has catalyzed communities outside of fed-
eral agencies to adopt a resilience lens. One positive consequence of
adopting a systems approach, for instance, is that it can help a project
gain momentum with a wider variety of stakeholders and potentially
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attract longer-term support for infrastructure projects. The potential
for agreement on robust strategies for building long-term resilience is
likely greater when there is a broader understanding across stakeholders
about the need for a multifaceted approach in a dynamic coastal area
that serves a range of socioeconomic functions and provides various
ecosystem benefits. Agencies emphasized the importance of including
the guidelines in grant guidance and providing a needed incentive for
grantees to implement these ideas in a consistent way.

Established Community Vision and Planning Processes Prior to
Disaster

Many interviewees emphasized the importance of establishing a com-
munity vision (and aligning projects, to the extent possible) prior to a
disaster so that communities can aim for that vision postdisaster and
ensure that the vision is not overlooked because of immediate needs
and stress. Interviewees observed that various states and localities had
very different starting points in terms of their level of preparedness,
both in their understanding of the resilience principles reflected in the
guidelines and in any planning to that effect prior to Hurricane Sandy.
They further observed that a jurisdiction’s level of preparedness influ-
enced its ability to put the Sandy supplemental funds to work in an
organized and efficient manner that focused on predetermined longer-
term goals for its community. To illustrate, although the final NYC
Special Initiative for Rebuilding and Resiliency report was published
after Hurricane Sandy, in June 2013, the planning process had started
two years prior (City of New York, 2013). The substantial planning and
modeling that had already occurred accelerated the rate at which infra-
structure resilience projects could be identified, prioritized, and imple-
mented in New York City. Similarly, the City of Norfolk, Virginia, had
been thinking about resiliency since approximately 2008, particularly
with respect to coastal flooding. Norfolk was one of the cities selected
by the Rockefeller Foundation’s 100 Resilient Cities initiative and
now has a chief resilience officer. As a result, officials there had a good
understanding of the issue and data on communities and structures at
risk. The resilience principles challenged them to build on their exist-



Lessons Learned from Implementing the Infrastructure Resilience Guidelines 27

ing data and knowledge, which allowed a more efficient and resilience-
responsive approach.

Lessons Learned from Challenges Posed by the
Guidelines

In the following sections, we describe some of the challenges that have
been encountered during implementation of the Infrastructure Resil-
ience Guidelines, along with interviewees” thoughts on how these chal-
lenges could be addressed. From these challenges and the interviewees’
suggestions, we can identify lessons learned for both improving the
guidelines and taking other actions that would facilitate their imple-
mentation in the future. These lessons relate to balancing generality
versus specificity in the guidelines, clarifying and aligning the mean-
ings and metrics of resilience, finding sufficient resources, simplifying
overlapping and competing requirements, and developing the science
about what increases resilience effectively.

Balance Generality Versus Specificity

The main challenge we heard from interviewees related to finding the
right balance between making the guidelines broad enough to apply
to all agencies and contexts, but not so broad as to call into question
what actions count in meeting each principle. Interviewees acknowl-
edged that the guidelines needed to be worded broadly to achieve inter-
agency consensus and be applicable across different agency responsi-
bilities, but also worded in a way that provided enough detail on the
methods and outcomes that would be compatible with resilience prin-
ciples. Interviewees generally thought that flexibility and an emphasis
on innovation would enable agencies to make the guidelines relevant
to their missions and provide the latitude needed to work within exist-
ing processes or regulations. At the same time, many interviewees sug-
gested that it would be helpful to have an additional level of definition
(and concrete metrics or benchmarks) in the guidelines to help deter-
mine what is intended, how to prioritize and implement the guide-
lines, and how to determine whether they are meeting requirements.
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For instance, compared with other principles, interviewees noted that
comprehensive analysis is described in more detail and was less confus-
ing. Nonetheless, interviewees still raised questions about the degree
to which each of the factors (e.g., environmental, economic, social,
health) needed to be considered in a comprehensive analysis. The prin-
ciple regional resilience seemed to be slightly more confusing than other
principles, with interviewees expressing uncertainty about whether it
is adequate simply to let other agencies know that an activity is under
way or whether other agencies should have a formal place on the plan-
ning team. Interviewees asked for more information on the intended
and specific outcome of regional resilience.

Perhaps most confusing for interviewees was the principle of resil-
ience performance standards. Interviewees suggested that it would be
helpful to have specific examples of the types of work that would meet
such standards. For instance, grantees might already be familiar with
technical variables typically found in building codes, but less familiar
with other organizational, social, economic, or system variables that
may also be examined against a standard. Illustrations of the best mea-
sures and methods to capture process improvements, business continu-
ity, and other nonphysical means would help to clarify expectations
of the federal government. One valuable outcome of considering spe-
cific examples in depth is that additional tools may be identified—
for instance, to help decisionmakers balance difficult trade-offs. This
would support answers to the following types of policy questions:

¢ How should decisionmakers balance environmental concerns and
preferences for risk reduction in a specific setting?

e What methods should be followed when different stakeholder

perspectives affect one another in a systems context?

One community may want risk-reduction measures that rely on
hardening, such as building sea walls, while another may be looking
for nature-based solutions that support ecological functions and habi-
tats along the coastline. When the two approaches are implemented
adjacently, this may compromise the performance of both and deliver a
less-reliable solution for the entire region. Providing sources for techni-
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cal assistance, tools, or data in interpreting and implementing the prin-
ciples in the guidelines would be helpful for both agencies and grantees.

Clarify and Align Resilience Meanings and Metrics

A second challenge encountered when implementing the guidelines is
that many resilience meanings and metrics seem to be used by vari-
ous stakeholders, which can cause confusion about goals and meth-
ods for building resilience. Interviewees reported diverse interpreta-
tions of resilience, including readiness, preparedness, system resilience,
economic resilience, speed of recovery, recovery to address a current
need, recovery to a desired future state, and mitigation. Similarly, it
is important to clarify at what scale we are talking about resilience
because it will likely mean different benefits, costs, and other outcomes
for a business, community, city, county, state, or regional entity. Con-
sequently, there are also many different metrics that might be used to
measure resilience, depending on the meaning adopted. Recognizing
that resilience means different things in different contexts, the chal-
lenge is to acknowledge that diverse definitions exist and, consequently,
that diverse methods and metrics exist. Interviewees underscored the
need to be explicit and transparent about what is intended in a given
context to increase communication and understanding. Examples of
methods and metrics will be most helpful when they are presented
with a broader explanation of the rationale and motivations underlying
resilience principles.

Find Ways to Access Appropriate and Sufficient Resources and
Expertise

Implementing some of the principles (e.g., conducting a comprehen-
sive analysis) might be beyond the expertise of some community devel-
opment staff at the state or city level. Staff trained as grant managers
do not necessarily have the technical skills needed to address the more
substantive issues contained in the guidelines. Some grantees needed
help understanding that, in fact, there may be existing studies to draw
from that could be used for the comprehensive analysis and that new
analyses were not necessarily needed. However, the challenges inher-
ent in locating and integrating diverse data still need to be addressed.
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Although different types of variables from different sources are increas-
ingly available for systems-level analyses, accurate implementation of
such an approach requires specialized knowledge and training and addi-
tional resources such as staff time and computing facilities. Regional
collaboration on system-wide planning also becomes increasingly time
consuming as larger numbers of stakeholders are consulted and views
and values are reconciled. In addition, HUD’s November 18, 2013,
Federal Register notice required a much greater level of federal scru-
tiny over specific infrastructure investments not only from HUD and
the Regional Coordination Working Group but also from all partner
agencies (e.g., USACE, DOT, EPA). This was a new role for many
agencies, requiring a heavier reliance on colleagues (such as meteorolo-
gists at NOAA and engineers at USACE) to provide or interpret tech-
nical information in their project review processes. Some interviewees
suggested that improving interagency communication at the federal
level would help improve access to and use of available information
and technical capacities.

Streamline and Integrate Overlapping or Competing Requirements
or Needs

While the consistent message regarding resilience across initiatives and
various levels of government was viewed as a positive development,
both agencies and grantees expressed a desire for reduced complex-
ity and redundancy. Apart from regulatory requirements and agency
mission, which take primacy, there is little guidance on how to priori-
tize the guidelines relative to other initiatives or whether they in fact
differ substantively. For grantees, each pot of federal funding for which
they apply comes with a different set of criteria that reflect similar but
distinct guidance. Some interviewees noted that attending to multiple
sets of guidance has shifted resources toward coordinating among the
various requirements in the allocation and planning processes, rather
than toward the infrastructure itself. Ensuring that the intent of the
sets of guidance are understood and addressed adequately—and that
action to address one set of guidance does not contradict another—
takes dedicated resources. However, because infrastructure projects
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have a longer time horizon, some interviewees speculated that the cost
of those additional resources might be low.

Develop the Science

Although the guidelines present principles that are consistent with
state-of-the-art thinking about achieving resilience, additional work is
needed to clarify specific standards most likely to improve resilience. In
particular, some interviewees noted that complying with the principle
of adhering to resilience performance standards was challenging, at least
in part, because of a lack of scientific evidence to guide decisions about
what standards have been proven effective and thus what specifications
are needed. In the context of its Disaster Resilience Framework, NIST
is attempting to develop the science behind the guidelines so that juris-
dictions and individuals charged with implementing resilience stan-
dards will have some assurance that they will have a positive effect.
Evidence-based approaches to building resilience will help stakeholders
to make informed decisions about infrastructure investments that are
in line with best practices. More specifically, if new science suggests
that a building code needs to be revised, then this sends a community
and market signal about what practices will ensure that infrastructure
can withstand future conditions. In addition, some interviewees pro-
posed that it would be worth examining whether and how the increased
federal interagency partnership during the Sandy recovery process has
resulted in better or more-inclusive decisionmaking and whether and
how that may be related to increased infrastructure resilience in the
long term. Ideally, a third party would be used to assess and validate
metrics and determine whether projects actually followed the recom-
mended standards and ultimately contributed to resilience. Some agen-
cies (e.g., DOI) have a plan to conduct such an evaluation.

Another way that science is developing is by expanding meth-
ods for capturing ecosystem benefits, which are often hard to value
and may not be factored into benefit-cost equations. Similarly, other
indirect benefits to society from resiliency initiatives may be hard to
quantify, evaluate, and incorporate into analyses, but robust methods
are critical so that effective programs and processes can be identified
and repeated. Recent efforts have attempted to quantify various costs
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and benefits from socioeconomic factors or national beneficial func-
tions of infrastructure. These factors reflect dynamic conditions and
a changing environment, and we need to determine the most-robust
methods for incorporating them into benefit-cost analyses so that the
most-broadly effective approaches to building resilience can be imple-
mented nationwide.

Summary of Lessons Learned from Implementation of
the Guidelines

Based on feedback from interviewees, we identified several lessons
learned, including both opportunities and challenges encountered with
the current implementation of the Infrastructure Resilience Guide-
lines. The lessons are summarized in Table 3.2. As would be expected,
implementation of the guidelines is facilitated when similar resilience
principles are already being used by agencies and organizations in their
decisions about resource distribution. In addition, the broad focus on
resilience principles across various federal-level initiatives has provided
an organizational framework that creates a general emphasis on—and
increases awareness of—how to build infrastructure resilience in inno-
vative and more-effective ways. Furthermore, entities with preexisting
efforts to conceptualize and analyze community needs (i.e., before a
disaster) tend to be more efficient in implementing the guidelines. The
main challenges identified by interviewees underscored common dif-
ficulties in complex interagency initiatives, leading to several lessons
learned for improving the guidelines and setting the conditions for
effective guideline implementation.

In addition to the lessons learned in Table 3.2, we have proposed
potential types of stakeholders (actors) that may have a primary role
in addressing each lesson, based on discussions with interviewees and
the authors” observations of the opportunities and responsibilities vari-
ous stakeholders described being afforded them. Identifying primary
actors will help highlight strategies for incorporating resilience prin-
ciples into infrastructure investment decision processes. For instance,
the first condition enhancing implementation of the guidelines—
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Table 3.2
Summary of Lessons Learned from Implementing the Infrastructure
Resilience Guidelines and Potential Primary Actors

Stakeholders with Primary Role in Addressing Each Lesson

Consultants,
Contractors,
Professional
Organizations, or
Federal State Local Nongovernmental
Government Government Government Organizations

Lessons learned from conditions that facilitated implementation of the guidelines

Agencies incorporate v v v v
resilience principles into
standard processes.

Broad federal v
government focus on
resilience principles.

Established community v v v
vision and planning

processes prior to

disaster.

Lessons learned from challenges posed by the guidelines

Balance generality versus v

specificity.

Clarify and align v v v v
resilience meanings and

metrics.

Find appropriate and 4 v v v
sufficient resources and

expertise.

Integrate and streamline 4 v v

overlapping or
competing requirements
or needs.

Develop the science. v v v v

agencies incorporate resilience principles into standard processes—is
best addressed by all actors because there are multiple levels of gov-
ernance involved in building resilience, and each type of actor will
bring in-depth knowledge of existing processes relevant to decisions
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within their purview. Incorporating multiple perspectives ensures that
the principles are consistent with best practices. In contrast, the second
condition—having broad federal government focus on resilience prin-
ciples—is driven primarily by the federal government because this is
the level of governance at which an overall national direction is set. The
third condition—having an established community vision and plan-
ning processes prior to disaster—is of course not in the realm of the
federal government, but primarily identified through a collaboration
of the entities with more-local information, perspectives, and prefer-
ences. For the list of challenges posed by the guidelines, only the fed-
eral government is checked as a primary actor in balancing generality
versus specificity in the guidelines because of its unique overarching
perspective that considers the diverse roles and responsibilities of the
many federal agencies. Primary responsibility for the other challenges
is more distributed across multiple actors because these challenges need
multilevel responses, including top-down and bottom-up approaches.



CHAPTER FOUR

Applying the Infrastructure Resilience Guidelines
to Nonrecovery Environments

Infrastructure resilience is important to consider not only after a disas-
ter but also throughout the life cycle of infrastructure systems. A series
of decisions during construction and operation (e.g., regarding loca-
tion, design, and funding) contributes to the long-term service and
safety of infrastructure. Making decisions in the context of a common
resilience framework is viewed as a best practice for improving national
infrastructure resilience. To address the question of whether the Infra-
structure Resilience Guidelines could be applied in nonrecovery
environments, we asked interviewees to consider the potential value
and feasibility of using the guidelines beyond decisions about Sandy
supplemental funds. Specifically, we asked interviewees to discuss
opportunities or challenges that they thought might be encountered
if the guidelines were implemented for decisionmaking about fed-
eral funds for infrastructure in a nondisaster context. We learned that
interviewees were enthusiastic about applying the resilience principles
in the guidelines broadly, once the challenges mentioned earlier are
addressed. We also learned that interviewees emphasized the need for
in-depth consideration of whether the guidelines require additional
modification for nonrecovery contexts and how the guidelines comple-
ment a comprehensive strategy for improving resilience nationally.
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Support for Considering the Broader Application of the
Guidelines

In general, interviewees were enthusiastic about resilience concepts
being applied to infrastructure investment decisions and supported the
broader application of the guidelines, once the challenges described in
Chapter Three are addressed. One particular attraction is that broader
application would encourage more-holistic or systems-level thinking
(e.g., adopting a watershed approach). Interviewees reported that one
benefit of adopting a systems approach is that it helps a project gain
momentum with a wider variety of stakeholders and potentially attract
longer-term support for infrastructure projects. A systems approach
also encourages agencies to change their policies on how they invest in
their own capital improvement funding.

Applying the guidelines in a nonrecovery context would elevate
the focus on resilience to standard operating procedure for federal
agencies. Some interviewees noted that it may be appropriate to have
the guidelines apply only to projects of a certain size (e.g., greater than
$50 million) so as not to unduly burden smaller projects.

A Need to Consider a Comprehensive Strategy for
Achieving Greater Resilience

Though there was no real opposition to the notion of applying the
guidelines in a nonrecovery context, some interviewees thought the
guidelines might require modifications to be effective and applicable
in nonrecovery environments. Other interviewees questioned whether
applying this specific set of guidelines more broadly was the best
approach to achieving national resilience. They noted that the existing
guidelines were developed under significant time constraints and in the
wake of Hurricane Sandy. Some interviewees suggested that perhaps
we should not be asking whether these guidelines could be applied
more broadly. Rather, to achieve greater resilience in the future—espe-
cially in a nonrecovery environment—we should be asking, “What is
the best way to meet that goal?” That is, a more comprehensive, broader
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consultation with stakeholders and consideration of current (and pend-
ing) efforts to increase infrastructure resilience in broad ways (e.g., not
just through implementing the existing guidelines, but by developing
science-based standards) might lead to a more effective resilience initia-
tive. If the starting question is how to improve national resilience, the
federal government may be better served by thinking about resilience
more comprehensively and effectively. That is, the guidelines would be
one complementary part of a broader comprehensive resilience strategy.

Several interviewees emphasized that, without a change in
requirements (e.g., as occurred with the Sandy Recovery and Improve-
ment Act), it may be very difficult to implement the guidelines because
extra resilience efforts are not as well funded. That is, after a disaster,
additional funding flows to the area for which resilience efforts can be
supported, but without a disaster, there will not be additional dollars
for resilience efforts. Because addressing such issues as profound uncer-
tainty (e.g., about future precipitation conditions) adds cost to projects,
some interviewees questioned whether the guidelines would be imple-
mented if they were not tied to billions of dollars of resilience fund-
ing. In short, community motivation or incentive is likely lower in the
absence of a disaster and additional funding linked with that disaster.
In nonrecovery contexts, it may be helpful to consider conditions that
enhance understanding and acceptance of increased short-term costs as
an important means to reducing long-term costs.

Interviewees also emphasized that identifying hazard-specific
challenges will be important in nonrecovery contexts. For instance,
how do the challenges posed by wildfires, earthquakes, tornadoes, and
river flooding differ from hurricane disasters? Moreover, each disaster
and each community will be characterized by different impacts. If a
statutory or regulatory change is to be made, then full consideration
of the implications will be needed to determine whom the guidelines
apply to, how they apply, and how affordable it is to meet them.

Similarly, questions need to be clarified about exactly what infra-
structure the guidelines would be applied to (e.g., all infrastructure or
only federal infrastructure, new construction, or critical infrastruc-
ture)? Furthermore, what would trigger the implementation of the
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guidelines, and would existing infrastructure need to be brought up to
a certain standard?

To implement guidelines in a nondisaster setting, it will be neces-
sary in some cases to consider whether and how to align existing agency
authorities with resilience objectives. For instance, FTA, under emer-
gency rule authority, has the discretion to waive certain requirements
in an emergency. The interim final rule for the Emergency Relief Pro-
gram lays out the approach to be adopted postevent so that work can
be undertaken promptly to help a community get back up and running
(see FTA, 2013b). The interim final rule is categorically excluded from
the environmental assessments required by the National Environmen-
tal Policy Act. Without such exclusions, additional (sometimes lengthy)
assessment processes would be required before a project receives approval.

More broadly, however, while regulatory and administrative pro-
cess relief may help communities recover and rebuild quickly, it is also
possible that such relief can contribute to decisions that are not aligned
with resiliency principles (e.g., because immediate needs following a
disaster are prioritized over long-term goals). If a vision is developed
in advance and yields standards that can be applied to recovery efforts
in an expedited way, then relaxing some standard processes might lead
to quicker recovery and greater resiliency. In the absence of advanced
planning, coordination, and development of standards, however, relax-
ing standard processes may yield contrary results.

Summary of Considerations in Applying the Guidelines to
Nonrecovery Environments

Assuming that the challenges noted in Chapter Three are addressed,
we found enthusiasm for the spirit of the resilience principles and gen-
eral support for a broader application of the guidelines. In addition,
interviewees suggested that the guidelines could be complemented
with more in-depth consideration by the federal government about
alternative strategies for achieving resilience. There may also be some
circumstances that are unique to recovery environments, thus limiting
the effectiveness of a broader application of the guidelines.



CHAPTER FIVE
Findings and Conclusions

To be resilient, regions need to withstand the effects of a disaster,
respond effectively, recover quickly, adapt to changing conditions, and
manage future disaster risk. Following the havoc wreaked on the East
Coast of the United States by Hurricane Sandy in 2012, a presidential
task force developed the Infrastructure Resilience Guidelines to ensure
that federal agencies incorporate key principles of resilience into their
formulation, evaluation, and prioritization of infrastructure invest-
ments (see Hurricane Sandy Rebuilding Task Force, 2013a). The seven
principles in the guidelines are described at a general level and were
released after some of the Sandy supplemental funding was already
allocated. For this study, we interviewed a diverse range of public- and
private-sector representatives and reviewed documents to examine
whether and how the guidelines have been implemented, what lessons
have been learned, and whether the same guidelines could be imple-
mented more broadly.

The Infrastructure Resilience Guidelines Reflect Worthy
Resilience Principles, but Some Challenges Need to Be
Addressed

Our analysis indicates that, overall, most of those we interviewed
believed that the Infrastructure Resilience Guidelines reflect worthy
resiliency principles that merit pursuing more broadly, not just in a
recovery context. The guidelines evidently reinforced the approach to
resilience principles that many agencies had been pursuing in recent
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years. Rebuilding structures and systems to more resilient standards to
better withstand future storms was not a new concept to most of the
federal agencies represented by our interviewees. While there is typi-
cally not a one-to-one match between agencies’ existing resilience prin-
ciples and the guidelines, a crosswalk between the two often revealed
that there was enough significant overlap that existing principles could
be followed, though perhaps with slight modifications. A broad federal
focus on building resilience, including a range of previous guidelines,
frameworks, requirements, plans, and executive orders, appears to
have stimulated a culture of resilience across agencies such that imple-
menting the guidelines did not pose a significant challenge for most
of the agencies we interviewed. For those agencies or grantees that did
not have existing resilience principles, the guidelines challenged their
thinking and procedures, particularly related to promoting a systems-
level approach to rebuilding and promoting green infrastructure to
address flooding and other storm impacts.

Additionally, jurisdictions that had already established a commu-
nity plan or vision prior to Hurricane Sandy found it easier to pri-
oritize longer-term results over solving immediate needs. Immediately
following a disaster, urgent needs and stress are likely to demand the
most attention, with the long-term vision understandably receiving less
attention. However, jurisdictions that had already established a good
understanding of resilience and had identified data on communities
and structures at risk were more efficient in putting the Sandy supple-
mental funds to work.

The timing of the release of the guidelines did present challenges.
Some agencies had already allocated funding and/or issued internal
guidance requiring integration of resiliency and sustainability princi-
ples into their efforts by the time the guidelines were developed and,
therefore, did not have the opportunity to apply them. It should also be
noted that many infrastructure projects are only now just beginning, so
to the extent that these guidelines are not just planned for but are actu-
ally implemented is not yet known. Some interviewees observed that
promoting resilience principles seems important but that compliance
with the guidelines is difficult to measure and enforce. This assessment
is more straightforward for the portion of Sandy supplemental funds
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that were distributed through RFPs that incorporated the guidelines.
Furthermore, determining the effect of the guidelines on infrastructure
resilience will not be possible in the short term, but a long-term evalu-
ation process should be undertaken.

Interviewees noted several other challenges. One key difficulty
was finding the right balance in the guidelines between providing
guidance that is broad enough to be relevant to all agencies and mis-
sions but that is also specific enough to allow agencies to determine
when a guideline has been met. Providing ranges of methods or metrics
for each of the guidelines may facilitate compliance.

Another challenge interviewees noted was finding appropriate
and suflicient resources and expertise to implement the guidelines. For
instance, implementing some of the principles in the guidelines might
be beyond the expertise of some community development staff at the
state or city level, and some grantees needed help understanding that
they may be able to draw from existing studies. Some jurisdictions and
grantees reported also that integrating diverse data sets and developing
a systemwide plan with regional collaboration was a challenge, and they
often lacked staff with the relevant substantive knowledge or available
time to carry out this work. Although different variables from differ-
ent sources are increasingly available for systems-level analyses, such an
approach requires specialized knowledge and training and additional
resources such as staff time and computing facilities to do effectively.
State and city agencies relying more heavily on their federal colleagues
with technical expertise required additional resources, as did the new
role of providing a greater level of federal scrutiny.

To cope with the increasing number of resilience initiatives at var-
ious levels of government, interviewees expressed a strong desire for a
more streamlined approach to complying with the myriad guidance,
executive orders, frameworks, and plans related to resilience. There is
significant overlap among various sets of guidelines, and, apart from
regulatory requirements and agency mission, which take primacy, there
is no guidance on prioritizing or differentiating across these sets of
guidelines. Groups working on new guidelines that apply more broadly
should minimize redundancy by streamlining these requirements.
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Efforts to better develop the scientific underpinnings of the effects
of these resilience projects will lead to better decisionmaking about
how best to deploy resilience dollars in the future. NIST’s work on
developing building codes and standards that reflect increased resil-
ience will provide one new evidence-based approach, as will DOI’s
plan to conduct a third-party evaluation on the suite of resilience proj-
ects it funded using its Coastal Resilience Conservation Framework.
They will assess which projects actually increased resilience and how
the projects contributed to a regional resilience.

A More Comprehensive Consideration of How to Improve
National Resilience May Be Needed

Importantly, some interviewees questioned whether simply applying the
existing guidelines to a nonrecovery context was the best approach to
improving resilience. Rather, a more comprehensive and in-depth con-
sultation of stakeholders about how to improve national resilience (e.g.,
by developing science-based standards) might prove more effective in the
long term. This initial assessment of the implementation of the guide-
lines was not designed to determine if alternative approaches would have
produced more-effective outcomes, but further research could address
this question. For instance, what is the relative effectiveness of national
implementation of the guidelines versus a nationwide implementation
of a regional coordination approach, floodplain, or other standard?
Another way to approach this question might be to search for robust
commonalities across agencies that chose to modify existing programs
(instead of developing new programs) to distribute Sandy supplemental
funds. Such information would speak to important considerations when
deciding the most-suitable approaches in the future.

The guidelines also should be studied more closely in anticipa-
tion of other contexts. For example, when working under a presidential
disaster declaration, some agencies receive regulatory and administra-
tive process relief to recover and rebuild as quickly as possible. These
conditions would not exist outside of a disaster declaration. However,
it is possible that relief from some regulatory and administrative pro-
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cesses can contribute to decisions that are not aligned with resiliency
principles, especially if there is little or no advanced planning, coordi-
nation, and development of standards.

Additional Questions for Further Research

Additional research might provide important detail on several other
questions raised by this initial assessment. First, are there systematic
differences across agencies in how they attempted to meet each prin-
ciple in the guidelines? A robust response to this question would require
representative sampling of interviewees from each agency and use of a
structured questionnaire to capture measures that are comparable across
agencies. Second, are some of the principles in the guidelines easier than
others to implement, and what evidence-based strategies address the
challenges identified? For instance, incorporating projections of future
climatic conditions seems to be one of the harder resilience principles to
address, but there is a growing body of research suggesting that scenario
planning methods may help decisionmakers to characterize uncertainty
and to think through plausible futures in a robust way (Mahmoud et
al., 2009). Additional studies would help to clarify which scenario
methods are most effective in which decision context.

Further research might also examine whether applying the guide-
lines in a nondisaster context could affect the cost of investing. For
instance, research could address whether public-private investment
partnerships might be discouraged if the federal government applied
the guidelines in various contexts. Additional research could examine
how the budget community could be connected better with the capital
asset planning community.

Finally, determining the effectiveness of the guidelines in building
long-term resilience requires agencies to conceptualize their expecta-
tions of how change in resilience occurs and then to identify and moni-
tor multiple metrics to evaluate the accuracy of those expectations over
time. Theory-based program evaluation research will be useful to sup-
port this endeavor (e.g., developing and testing an action-logic model;
Funnell and Rogers, 2011). One potentially informative approach
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would be to collect information about how each agency implements
each principle in the guidelines and then to trace how grantees make
subsequent decisions (and the results of those decisions) as projects are
completed, analyzing both quantitative and qualitative metrics of the
effectiveness of the guidelines in increasing infrastructure resilience
and other outcomes achieved.



APPENDIX A
Semistructured Interview Protocol

The following questions provided guidance for topics to cover during
the semistructured interviews. Not all questions were used for all
interviewees; we selected only the questions that were relevant in each

interview.

1. Describe how your agency used the Infrastructure Resilience
Guidelines as part of recovery planning.

2. What other agencies or grantees should be interviewed for this
study?

3. What were the barriers to (or limitations in) using the guide-
lines?

4. How have the guidelines had an impact?

5. How did the guidelines affect recovery?

6. What, if any, modifications or improvements would you suggest
for the guidelines?

7. Did you identify any gaps in the guidelines in either the imple-
mentation or receipt of guidance?

8. How are agencies/recipients of funding measuring the effective-
ness of the guidelines?

9. How have the guidelines changed the ways in which federal
money is spent on infrastructure resilience (compared with pre-
vious recovery efforts)?

10. How was the guidance to incorporate the guidelines communi-
cated to stakeholders? How effective was the communication?

11. What are the biggest challenges to incorporating the guidelines

for Sandy recovery?
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12

13.

14.

15.

16.

17.

18.

. What are the biggest challenges to incorporating the guidelines
beyond Sandy recovery?

What tools/resources/data/information do stakeholders need to
implement guidelines?

Would you recommend applying the guidelines to other recov-
ery situations? Why or why not?

Would the guidelines be effective for nondisaster
decisionmaking—for instance, informing federal infrastructure
investment decisions?

What second-order effects of investments in rebuilding did you
identify (e.g., subcontracting requirements)?

Are there alternative means to accomplish the same goals that
the guidelines seek to achieve (e.g., building code modifications,
zoning alterations)?

How might the guidelines be used to encourage a “culture of
resilience”?



APPENDIX B

Detailed Methods

Participants

We conducted 31 individual and small-group interviews by telephone
with a total of 67 individuals from July 7 to September 19, 2014. Inter-
viewees were selected to reflect a diverse range of organization types,
decisionmaker perspectives, and sectors. The sample included 48 indi-
viduals from 14 federal departments or agencies and 19 individuals
from ten state and local governments and nongovernmental organiza-
tions, about 71 percent of which received Sandy supplemental funds for
infrastructure projects. We included organizations that did not receive
funds because, regardless of the Sandy supplemental, their missions
and responsibilities indicated that they may have relevant perspec-
tives on developing the guidelines, incorporating resilience parameters
into allocation of federal funding, and building infrastructure resil-
ience. Interviewees included high-level decisionmakers (e.g., directors)
through to operational staff (e.g., project leaders) from various sectors,
including planning, urban development, security, health, environment,
commerce, insurance, science standards, engineering, technology, and
transport. Interviewees were located primarily in New York, New
Jersey, Virginia, and the District of Columbia.

Approach

We recruited interviewees using a purposive sampling technique with
the goal of obtaining a diverse sample representing a range of orga-
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nizational types (federal and nonfederal organizations), perspectives
(received funding, did not receive funding), and sectors (e.g., planning,
urban development, security). Interviewees were initially recruited via
members of the Critical Infrastructure Security and Resilience Inter-
agency Policy Committee’s Subcommittee on Recovery and Mitiga-
tion. The Subcommittee identified relevant points of contact within its
agencies of people who were most knowledgeable about the process of
managing Sandy supplemental funds, about implementing the guide-
lines or similar principles, and about resilience initiatives broadly. We
emailed invitations to participate in the study to the identified indi-
viduals directly or via the agency points of contact, with at least two
follow-up invitations by email or telephone to nonrespondents. We
used a snowball approach to identify other relevant individuals (based
on the recommendations of initial participants) who might provide
important information.

A semistructured interview protocol (see Appendix A) guided
discussions with interviewees. We asked about how the Infrastructure
Resilience Guidelines have been used in different contexts, whether
any challenges were encountered during implementation, how the
guidelines were communicated, and whether it would be feasible to
apply the guidelines to nonrecovery environments. The average length
of the interviews was 41 minutes. We also reviewed documents rel-
evant to the implementation of the guidelines (e.g., RFPs incorporating
resilience principles) and used a keywords-in-context technique (Tesch,
1990) to identify qualitative themes in interview notes and documents.
A summary of themes was reached by consensus between two of the
report’s authors.

Federal Departments and Agencies That Participated in
Developing the Infrastructure Resilience Guidelines

To develop the Infrastructure Resilience Guidelines, representatives
from the following departments and agencies participated in working
group meetings and the data call on preexisting grant and direct invest-
ment programs: Council for Environmental Quality, Department of
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Energy, DHS National Protection and Programs Directorate Office of
Infrastructure Protection, DOI, DOT, EPA, FEMA, General Services
Administration, HUD, NOAA, and USACE.

Data Quality

We ensured high-quality data by addressing four main factors:

* Heterogeneity and diversity was assessed by looking across multiple
data sources, such as
— insider versus outsider perspectives (including individuals from

federal and nonfederal organizations)

— micro versus macro perspectives (including directors/leaders
and operational/project staff)

— different organizational types and roles (including organiza-
tions that received funding and those that participated in plan-
ning or observed the process but did not receive funding).

» Confirmability was assessed, where possible, by verifying state-
ments against documents (e.g., Were the guidelines reflected
in Federal Register notices, REPs, policy memos, and our inter-
views?).

» Credibility was assessed frequently during our interviews by
checking respondents’ agreement with paraphrasings of their
comments, to ensure accurate representation of what was said in
the interviews.

* Trustworthiness was assessed by asking knowledgeable others (e.g.,
subcommittee members) to corroborate the responses.






APPENDIX C
Sample Grantees

Sample HUD Grantees

The state of New York has used its CDBG funding to address hous-
ing needs, encourage economic development, and establish the Com-
munity Reconstruction Program, among other activities. The Com-
munity Reconstruction Program allows those communities severely
damaged by Hurricane Sandy to identify resilient and innovative
reconstruction projects based on community-driven plans that con-
sider current damage, future threats, and the communities’ economic
opportunities. To apply, communities develop recovery plans and
submit them to the state.

New York City has passed 16 pieces of legislation related to
changes to the building code for increasing resilience and adopting
best practices (City of New York, 2014). For properties in the 100-
year floodplain facing increased flood risk, the city is also launching an
incentive program to adopt Core Flood Resiliency Measures and plans
to track the number of buildings that adopt the measures as a metric.

Sample DOI Grantees

The City of Norfolk, Virginia, received an NFWF grant to develop
a green infrastructure master plan, finalize a coastal flooding study
of the Lafayette River watershed, and initiate eight living shoreline
projects. Norfolk has been thinking about resiliency, particularly the
coastal flooding impacts, as a result of a nor’easter (a large-scale storm)
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that hit in 2008, but the NFWF grant challenged Norfolk to develop
a more systematic, larger-scale, and longer-term approach to resilience.
The first six years of the city’s resiliency efforts focused on stormwater
and how to keep the water out, but it is now considering other systems
that might be affected by a storm and how to adapt to those changes.

Another NFWF grantee, the American Littoral Society, is a
conservation organization based in New Jersey that received funding
shortly after Hurricane Sandy to conduct a rapid assessment of the
storm’s impact on habitats from the Delaware Bay to the Long Island
Sound and then to carry out a habitat restoration project. In collabora-
tion with Rutgers University, the organization used satellite imagery
to assess land-use changes and conducted a series of interviews with
resource managers, park managers, and other wildlife managers as part
of the assessment. The assessment identified the Delaware Bayshore as
an area in need of immediate habitat restoration. This habitat is a site
for horseshoe crabs and migratory birds. NFWF and others used this
assessment in developing funding plans.

NFWF provided funding to the American Littoral Society to
participate in the immediate habitat restoration of the Delaware Bay-
shore. The organization helped coordinate the federal agency response
(designing the habitat response plan, establishing permit procedures,
working with contractors carrying out the work, and interacting with
local communities) so that everyone involved was contributing very
efficiently under the limited time frame. As a result, the team was
able to restore almost six miles of beaches and 50 acres of wetlands
between January and the spring of 2013, in time for the horseshoe crab
mating season. The American Littoral Society received an additional
grant through an NFWF grant competition to build on the Delaware
Bay habitat restoration project that focuses more on building resiliency
along the shoreline. For this grant, it needed to meet the criteria in
the NFWF solicitation that required describing how the project would
promote resilience, as well as a focus on green infrastructure, regional
collaboration, and other principles reflected in the Infrastructure Resil-
ience Guidelines.
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In October 2012, Hurricane Sandy struck the East Coast of the United States,
devastating communities across the region. This disaster motivated the federal
government to examine how it might improve community and infrastructure
resilience so that communities are better prepared for existing and future threats,
including those exacerbated by climate change. To ensure that federal agencies
incorporate key principles of resilience into their formulation, evaluation, and
prioritization of infrastructure investments related to Sandy rebuilding, the
Presidential Hurricane Sandy Rebuilding Task Force developed its Infrastructure
Resilience Guidelines in the spring and summer of 2013. On behalf of the

U.S. Department of Homeland Security and the Critical Infrastructure Security
and Resilience Interagency Policy Committee’s Subcommittee on Recovery and
Mitigation, the RAND Corporation conducted an initial assessment of federal
agencies’ implementation of the guidelines. The main goal of this study

was to identify the lessons learned from the opportunities and challenges
encountered when implementing the guidelines.
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