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Foreword

Communities in the United States experience natural and human-caused hazards every year. A
disaster results when a hazard severely disrupts a community’s ability to function. Severe
storms, hurricanes, storm surge, tornados, wildfires, earthquakes, snow and ice, and human-
caused disruptions lead to numerous Presidential disaster declarations and billions of dollars in
losses every year. Despite significant progress in the application of science and technology to
disaster reduction, communities are still challenged by disaster preparation, response, and
recovery. The number of lives lost each year to natural and human-caused disasters is trending
downward, but the costs following major disasters continue to rise, in part, due to the increasing
value-at-risk of infrastructure. A reliance on response and rebuild-as-before strategies is
impractical and inefficient when dealing with persistent hazards. Instead, communities must
break that cycle by enhancing their disaster resilience. High-priority science and technology
investments, coupled with sound decision-making at all levels—national, regional, and local—
will enhance community resilience and reduce vulnerability.

The National Institute of Standards and Technology (NIST) develops unbiased, state-of-the-art
measurement science that advances standards and technology in ways that enhance economic
security and improves our quality of life. Community disaster resilience is recognized as a
critical national priority—one that requires meaningful and rigorous measurement science to
develop planning guidelines and tools, and to establish suitable performance metrics.

To support this need, NIST launched an effort to convene a workshop on the economics of
community disaster resilience in order to guide the national agenda on economic considerations
that might drive community investments in resilience. Led by NIST, the effort greatly benefitted
from substantial collaboration with the American Society of Civil Engineers, the American
Society of Mechanical Engineers, and BMA Engineering, Inc. Additional support was provided
by the World Bank Group, the International Monetary Fund, IBM, the Johns Hopkins Applied
Physics Laboratory, and the University of Maryland’s A. James Clark School of Engineering
Center for Technology and Systems Management. The workshop attendees comprised more
than 70 participants, representing a wide variety of stakeholders, including academia, community
planners, government executives, policy makers, and subject matter experts in economics,
engineering, finance, and risk analysis.

The workshop was organized around three cross-cutting themes: (1) resilience planning and
deployment; (2) dealing with uncertainty; and (3) the economics of recovery. Two keynote
presentations explored the scope of the cross-cutting themes. The national perspective was
presented by the Commerce Department’s Chief Economist, and a “view from the trenches” was
provided by the Chief Resilience Officer of the City of Norfolk. Plenary session presentations
were commissioned covering each of the three cross-cutting themes, setting the stage for focused
breakout sessions organized around the three cross-cutting themes. Workshop participants were
assigned to the breakout sessions in a manner that made use of their expertise and personal



experiences and facilitated discussions among the key stakeholder groups represented at the
workshop. The breakout sessions were co-facilitated by each theme’s plenary speakers,
providing a firm base from which to develop a snapshot of the current state-of-the-art in that
topic area, as well as identify gaps and research opportunities. Change agents were also
identified for key stakeholder groups in industry, academia, government, standards development
organizations, and hardware and software developers.

The results of the workshop breakout sessions presented herein provide a path forward for key
stakeholders. These results are augmented and informed by: six cross-cutting theme papers, two
for each of the three themes by recognized industry leaders; by a description of NIST’s proposed
Community Resilience Economic Decision Guide for Building and Infrastructure Systems; and
by short, executive summary papers from workshop participants that lay out the challenges and
opportunities associated with the three cross-cutting themes. This report provides the elements
of a roadmap of national usefulness informing key stakeholders of potential opportunities for
their resilience-related research, development, and deployment efforts.

Moreover, the workshop report provides many useful insights to the resilience stakeholder
community. These include: the conflict between short-term priorities and long-term well-being;
the concept of a “resilience dividend” where resilience is evaluated on a day-to-day co-benefit
basis, rather than being justified on hypothetical disaster scenarios; the critical role of
performance-based standards; the inequitable distribution of costs and benefits among
stakeholders; the development of measures of economic resilience that are conceptually sound
and empirically valid; and the promise that systems-based thinking has for increased resilience to
natural and human-caused disasters.

The material contained in this report is intended to promote increased awareness of resilience-
related issues—»both challenges and opportunities. The report identifies definitional and
methodological disconnects and analyzes them from a systems perspective. The report also
identifies barriers to the adoption and use of resilience-enhancing products and practices and
recommends an agenda for NIST and others to address these barriers.



Ayyub, Bilal M., University of Maryland, College Park, and Robert E. Chapman, National
Institute of Standards and Technology

Abstract

This report documents the effort launched by the National Institute of Standards and Technology
(NIST) to develop, organize, and convene a workshop on the economics of community disaster
resilience to promote the use of economics for system sustainment and guide NIST in developing
a portfolio of programs that are focused on providing the enabling measurement science to key
industry stakeholders. The workshop was organized around three cross-cutting themes: (1)
resilience planning and deployment; (2) dealing with uncertainty; and (3) economics of recovery.
Plenary session presentations were commissioned covering each of the three cross-cutting
themes. The plenary session presentations set the stage for focused breakout sessions organized
around the three cross-cutting themes. The breakout sessions were used to develop a snapshot of
the current state-of-the-art in that topic area, as well as identify gaps and research opportunities.
Change agents were also identified. The results of the workshop breakout sessions presented
herein provide a path forward for key stakeholders. Thus, this report provides the elements of a
roadmap useful not only for NIST but for other key industry stakeholders on potential
opportunities for their resilience-related research, development, and deployment efforts. The
workshop provided many useful insights for NIST as it moves forward with its portfolio of
programs focused on resilience-related research. The material contained in this report is
intended to promote an increased awareness of resilience-related issues. The report identifies
definitional and methodological disconnects and analyzes them from a systems perspective. The
report also identifies best practices and barriers to the increased use of resilience-related products
and processes and recommends actions for NIST and others to address these barriers.

Keywords
Disaster, community, economics, life cycle assessment, metrics, resilience, standards, synergies
and interdependencies, systems, uncertainty






Preface

Community disaster resilience is recognized as a critical national priority—one that requires
meaningful and rigorous measurement science to develop planning guidelines and tools, and to
establish suitable performance metrics. To support this need, the National Institute of Standards
and Technology (NIST) launched an effort to convene a workshop on the economics of
community disaster resilience and produce this publication in order to guide the national agenda
on economic considerations that might drive community investments in resilience. Led by
NIST, the effort greatly benefitted from substantial collaboration with the American Society of
Civil Engineers, the American Society of Mechanical Engineers, and BMA Engineering, Inc.
Additional support was provided by the World Bank Group, the International Monetary Fund,
IBM, the Johns Hopkins Applied Physics Laboratory, and the University of Maryland’s A. James
Clark School of Engineering Center for Technology and Systems Management. The
organization of the workshop and the development of the first draft of this publication were
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Disclaimer and Limitations

This report was prepared for the National Institute of Standards and Technology (hereafter
referred to as NIST) as the primary sponsor, and the American Society of Civil Engineers
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apparatus, product or process disclosed, or represent that its uses would not infringe on privately
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name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its
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Ayyub, Bilal M., University of Maryland, College Park, and Robert E. Chapman, National
Institute of Standards and Technology

Executive Summary

Community disaster resilience is recognized as a critical national priority—one that requires
meaningful and rigorous measurement science to develop planning guidelines and tools, and to
establish suitable performance metrics. To support this need, the National Institute of Standards
and Technology (NIST) launched an effort to convene a workshop on the economics of
community disaster resilience to help guide the national agenda on economic considerations that
might drive community investments in resilience. The workshop attendees comprised more than
70 participants, representing a wide variety of stakeholders, including academia, community
planners, government executives, policy makers, and subject matter experts in economics,
engineering, finance, and risk analysis.

The workshop was organized around three cross-cutting themes: (1) resilience planning and
deployment; (2) dealing with uncertainty; and (3) the economics of recovery. Two keynote
presentations explored the scope of the cross-cutting themes. The national perspective was
presented by Sue Helper, the Commerce Department’s Chief Economist, and a local
representative, a “view from the trenches” was provided by Christine Morris, the Chief
Resilience Officer of the City of Norfolk.

Plenary session presentations were commissioned covering each of the three cross-cutting
themes, setting the stage for focused breakout sessions organized around the three cross-cutting
themes. Workshop participants were assigned to the breakout sessions in a manner that made
use of their expertise and personal experiences and facilitated discussions among the key
stakeholder groups represented at the workshop. The breakout sessions were co-facilitated by
each theme’s plenary speakers, providing a firm base from which to develop a snapshot of the
current state-of-the-art in that topic area, as well as identify gaps and research opportunities.
Change agents were also identified for key stakeholder groups in industry, academia,
government, standards development organizations, and hardware and software developers.

The results of the workshop breakout sessions presented herein provide a path forward for key
stakeholders. These results are augmented and informed by: six cross-cutting theme papers, two
for each of the three themes by recognized industry leaders; by a description of NIST’s proposed
Community Resilience Economic Decision Guide for Building and Infrastructure Systems; and
by short, executive summary papers from workshop participants that lay out the challenges and
opportunities associated with the three cross-cutting themes.

1. Community Resilience Economic Decision Guide for Buildings and
Infrastructure Systems

The Economic Guide builds on both economic concepts drawn from the literature (Gilbert, 2010)
and first-hand experience by key stakeholders. An earlier draft of the Economic Guide in the
form of a White Paper (Gilbert and Butry, 2015) was provided as part of the read-ahead
materials to the 70 plus workshop registrants. Many workshop attendees provided comments on
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the earlier draft; several of whom provided extensive sets of comments which have been
incorporated into the Economic Guide. The overview paper presented herein provides a concise
and comprehensive summary of the standalone companion document, NIST Special Publication
1197, Community Resilience Economic Decision Guide for Buildings and Infrastructure Systems
(Gilbert, Butry, Helgeson, and Chapman, 2015).

The Economic Guide provides a standard economic methodology for evaluating investment
decisions aimed at improving the ability of communities to adapt to, withstand, and quickly
recover from disasters. The Economic Guide is designed for use in conjunction with the NIST
Community Resilience Planning Guide for Buildings and Infrastructure Systems (NIST, 2015),
which provides a methodology for communities to develop long-term plans by engaging
stakeholders, establishing performance goals for buildings and infrastructure systems, and
developing an implementation strategy. The Economic Guide supports the NIST Planning
Guide by providing a mechanism to determine the efficiency of resilience actions and prioritize
them. Using the economic methodology frames the economic decision process by identifying
and comparing the relevant present and future streams of costs and benefits—the latter realized
through cost savings and damage loss avoidance—associated with new capital investment into
resilience to those future streams generated by the status-quo. Topics related to non-market
values and uncertainty are also explored. The Economic Guide provides context for increasing
resilience capacity through focusing on those investments that target key social goals and
objectives, and providing selection criteria that ensure reduction of risks as well as increases in
resilience. Furthermore, the economic methodology aims to enable the built environment to be
utilized more efficiently in terms of loss reduction during recovery and to enable faster and more
efficient recovery in the face of future disasters.

2. Commissioned Papers Used to Develop the Cross-Cutting Themes Addressed
in the Breakout Sessions

To promote a better understanding of the three cross-cutting themes, a series of papers
documenting the key concepts associated with each cross-cutting theme was commissioned from
industry thought leaders. Two papers for each cross-cutting theme were commissioned to allow
for varying perspectives among the subject matter experts. The purpose of the papers was to
inform workshop participants and assist them in selecting the breakout session that best fit their
interest and area of expertise. The papers were sent to workshop registrants as read ahead
materials, with the goal of enabling workshop participants to jump start their thought processes
for the breakout sessions. The individual papers ae summarized briefly in the three sections that
follow: Section 2.1 (Fiksel, Irwin and Gnagey, Resilience Economics: A Systems Approach; and
Kunreuther, Community Resilience and Planning for Natural Disasters: A Framework for
Understanding, Managing and Reducing Risk); Section 2.2 (Feigel, Economics of Community
Disaster Resilience: Impact of Variability and Uncertainty; and Prieto, Economics of Community
Disaster Resilience: Dealing with Uncertainty); and Section 2.3 (Chang, Incorporating Recovery
into Economic Analysis; and Ehlen, Sanyal and Pepple, A Framework for Guiding Homeland
Security Programs from Risk to Resilience).

2.1. Resilience Planning and Deployment

Natural disasters and other urban crises are becoming more frequent, while unsustainable
development patterns place increasing pressures on natural resources and infrastructure.
Communities are complex, adaptive systems, and traditional risk management approaches are
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not adequate for dealing with turbulent change and unforeseen disruptions. When crises occur,
the responses are often driven by short-term priorities and may not consider longer term or
systemic issues. Fiksel, Irwin and Gnagey argue that a comprehensive conceptual framework
and new computational tools are needed to balance the immediate requirements for community
resilience with the long-term goals of sustainability and well-being. There exists a broad range
of methods for cost-benefit analysis of resilience investments, including managerial accounting
approaches and economic valuation of non-monetary goods and services. By combining these
methods with models of coupled human-natural systems, it is possible to develop an integrated
approach based on an inclusive wealth framework that values economic, social, and natural
capital. Although still in an early stage of development, these models can also be extended to
account for the value of resilience improvement, which is critical for making investments and
policy decisions that improve both the resilience and sustainability of a community.

Howard Kunreuther notes in his paper that individuals and communities often do not take steps
prior to a disaster to undertake protective measures because they are prone to systematic biases
with respect to their perception of the likelihood and outcomes from natural disaster when
compared with expert risk assessments. They also tend to focus on the short-term and utilize
simplified decision rules in determining whether to purchase insurance or invest in loss-reduction
measures. Understanding how experts assess the likelihood and consequences of disasters as
well as how individuals perceive these risks and make choices provide the ingredients for risk
management strategies for communities to become more resilient with respect to hazards they
face. Modifications to the National Flood Insurance Program, such as risk-based premiums and
vouchers coupled with loans for flood mitigation measures could make individuals in flood-
prone communities more resilient.

2.2. Dealing with Uncertainty

Richard Feigel notes that crafting rational resiliency strategies underpinned by defensible
technical and economic models is a daunting endeavor. Both ex ante and ex post facto
uncertainty exacerbate the problem of developing models and communicating them to a wide
variety of stakeholders. While there is no perfect bright line, distinguishing between variability
and uncertainty is important, both for developing models which differentiate between data and
parameter uncertainty and probably more importantly, to fashion credible risk communication.
Developing resiliency protocols that deal with uncertainty is clearly a prerequisite for better-
informed public policy directives.

Robert Prieto’s paper looks at uncertainty related to the economics of investments in community
resilience and considers some of the unique characteristics of such investments. Uncertainty, as
opposed to mathematical risk, is a pervasive fact of life and the paper explores first and higher
order outcomes that impact our ability to achieve defined resilience objectives. A four part
contextual definition of community is provided. Specific resilience outcome metrics, including
Recovery Time Objective and Resilience Value at Risk, are suggested and a community
resilience life cycle model outlined. Actionable recommendations for managing uncertainty in
economic evaluations related to community resilience are provided.

2.3. Economics of Recovery

In current practice, economic analysis of disaster risk reduction often neglects time-dependent
losses such as business interruption and income losses that accrue over time during post-disaster
recovery. Stephanie Chang’s paper argues that incorporating time-dependent losses is critical to
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making investment decisions that foster disaster resilience. Drawing from previous empirical
and modeling work, the paper argues that incorporating economic impacts of short-term service
outage and restoration is relatively straightforward and can be readily accomplished under
certain assumptions -- most notably, assumptions of stable economic structure. Economic
recovery is complex and highly context-dependent, however, and will remain very challenging to
model, particularly for catastrophic events. To illustrate these points, examples are drawn from
several cases in the U.S., Japan, and New Zealand.

Many government agencies are currently moving from risk-based to resilience-based policies; a
good example is the current transition from community risk-based mitigation planning to
resilience planning embodied in the NIST Economic Guide. What’s not obvious to this
transition is whether the new resilience plans will adequately address the existing risk needs, and
whether the new resilience-based plans will be truly based on resilience and not just “resilience
equals low risk.” To help understand and reconcile these two concepts, Ehlen, Sanyal, and
Pepple present a basic mathematical framework that can simultaneously achieve three important
policy goals — minimized risks, ensured mission, and maximized resilience — by achieving any
one of the three. Risk and resilience policies can then be developed and promulgated in an
internally consistent, effective, and efficient manner.

3. Contributed Papers Documenting Stakeholder Perspectives

Workshop participants were given the opportunity to contribute short, executive summary papers
that laid out their perspectives on the challenges and opportunities associated with their research,
development and deployment activities associated with the three cross-cutting themes. The
eleven contributed papers are presented in alphabetical order by first author name within Section
I11 of the Proceedings. However, to provide a more compact summary of the eleven contributed
papers presented herein, they have been grouped into four general subheadings: (1) definitional
and methodological issues; (2) risk and insurance; (3) mitigation and recovery strategies; and (4)
economic impact assessment.

3.1. Definitional and Methodological Issues

The concept of creating resilience is commonly thought of as beginning at the community level
and building through the local, state, and federal levels. However, as Elizabeth Asche notes in
her paper, it may be more beneficial to consider creating and understanding resilience from
different perspectives, such as the business and individual perspectives within the community
before aggregating at the community level. Asche’s paper focuses on providing a clearer
understanding of the terms that are generally used to define and talk about resilience at the
community level and above.

In their paper, Bellomo and Olsen, propose a general framework for measuring resilience
through the use of common definitions and a straight forward equation for risk. Building from
these definitions and the risk equation, four orders of resilience are proposed. First order
resilience is an object or system’s ability to withstand a stress and by definition does not include
any time for recovery. Second order resilience is a measure of both the systems deformation and
its ability to recover to a pre-stress state. Third order resilience is an integration of different
second order resilience values over a single threat of various magnitudes and fourth order
resilience is a measure of the system or objects ability to withstand and recover from a variety of
different threats. Use of a common framework for measuring resilience across a wide variety of
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fields will allow for meaningful comparisons, tracking over time, and ultimately aid in helping
government officials, business owners, and the broader public make more informed risk
management decisions.

The purpose of Adam Rose’s paper is to explain static and dynamic economic resilience in
relation to disasters. Rose begins with a rigorous definition of concepts at the micro, meso, and
macroeconomic levels. It is extended to an operational metric and discussion of its successful
application to measuring resilience in case studies of simulated and actual events. Rose then
discusses the formulation of resilience indices. Rose emphasizes the importance of actionable
variables that can lead to economic recovery and points out how to weight these variables in the
overall index on the basis of studies of the effectiveness of individual resilience tactics.

In Sarah Slaughter’s paper, she approached resilience from a systems view, in which a
community is a set of people with shared values, norms and relationships that live in close
proximity to each other in a specific place. The social system of a community has relationships
with the other social systems in which it is nested, and also with the natural systems, both within
that specific location and nested within the greater natural systems. Humans develop and build
systems to provide critical services that enable civil society and commerce, and these built
systems have relationships with both the social and natural aspects, and they with it. Resilience
is defined as the “persistence of systems and their ability to absorb change and disturbance and
still maintain the same relationships among populations or state variables.” Enhancing resilience
entails developing the community’s long-term capacity to accommodate changes by effectively
leveraging all of the assets and resources associated with its systems, relationships, and states.

3.2. Risk and Insurance

Catastrophic accidents include nuclear and chemical accidents, extreme storms, volcanic
eruptions, pandemics, etc. For example, in light of the 2011 Fukushima disaster, recent
discussion has focused on finding the best nuclear storage options, maximizing the oversight
power of global institutions and strengthening safety measures. In addition to these, the
development of dependable liability coverage that can be tapped in an emergency is also needed
and should be considered thoughtfully. To succeed, financing is essential using special purpose
instruments from the global bond market, which is as big as $175 trillion. Thus, in their paper
Ayyub, Pantelous and Shao present a two-coverage type trigger nuclear catastrophe (N-CAT)
risk bond for potentially supplementing the covering of US commercial nuclear power plants
beyond the coverage per the Price Anderson Act as amended. The N-CAT peril is categorized
by three risk layers: incident, accident and major accident. The pricing formula is derived by
using a semi-Markovian dependence structure in continuous time.

Castaldi notes in his paper that very few industries understand the risk that society faces due to
extreme events as well as a reinsurer, whose core business model is to understand and quantify
the impact of these events. Reinsurers build technologies to evaluate today’s risk as well as
tomorrows, such as the additional risk that society faces due to climate change. The potential
losses due to natural events are growing at an alarming pace and we need to slow down that trend
if not possibly reverse it. This is a problem that we all share and have to work together to
reduce.
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3.3. Mitigation and Recovery Strategies

Debra Ballen notes that the Institute for Business and Home Safety has identified five concepts
as central to the economics of community disaster resilience. These concepts are: (1) the
importance of “going green and building strong”; (2) residential and commercial building
performance; (3) emergency preparation and response as a shared responsibility; (4) building
codes as a threshold, but not an end goal; and (5) the need for a variety of public and private
sectors incentives.

Investing in resilience is a national imperative and increasingly considered a basic business
practice. In addition to mitigating disaster-related damage by introducing new flexibility, it
increases productivity, revenue, reputation, and shareholder value. Investing in resilience before
disaster strikes is the smart choice for individuals, companies, and governments alike. In their
paper Egli and McKinney offer perspectives on resilience related concerns.

Within an economy, businesses, governments and community service providers are the actors-
on-the-ground that experience the direct and indirect impacts of infrastructure failures. They are
the actors whose responses, decisions, and adaptive behaviors collectively shape the path of
economic recovery and patterns of growth and decline. In their paper, Seville et al present key
findings from a study conducted with 541 public and private Canterbury regional organizations
by Resilient Organizations as part of the Economics of Resilient Infrastructure project in New
Zealand. The study was conducted following major disruptions in the aftermath of a complex
earthquake sequence. Seville et al found how organizations mitigated those disruptions and
recovered their productive capacity. Highlighted are the ways in which organizations adapted to
facilitate continued or even improved functioning and discovered the impact of resilience on
their ability to meet customer demand, productivity and cash-flow.

3.4. Economic Impact Assessment

The US Army Corps of Engineers (USACE) is one of the world's largest public engineering,
design, construction and management agencies, and its civil works mission areas include
navigation, flood risk management, hydropower, water supply, recreation, and environment with
an annual budget of $5 billion. To estimate total regional economic impacts of USACE’s
programs, a Regional Economic System (RECONS) model that includes more than 1,500 area
specific input-output models was developed for all civil works project regions. In their paper,
Chang et al describe the capabilities of RECONS, which allows the USACE to evaluate project
and program expenditures associated with the annual civil works budgets of the eight business
lines managed by the USACE. Chang et al illustrate how RECONS has incorporated the
Environmental Extended Input-Output Model approach by augmenting the technical coefficients
matrix to reflect energy consumption and greenhouse gas emissions. The total amount of carbon
dioxide produced for each economic activity is available at the industry sector level in addition
to jobs, income, sales and other economic effects.

Cutler et al describe Computable General Equilibrium (CGE) modeling, a quantitative
methodology used to evaluate how a regional economy responds to changes in economic policy
or other external factors. CGE models are particularly useful when the expected impacts of an
external shock are complex and realized through multiple channels. While CGE models are
typically used to estimate the impact of economic or policy shocks, Cutler et al intend to broaden
the use of CGE analysis to examine the economic impacts of natural disasters toward the
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development of NIST-CORE (the NIST Community Resilience Modeling Environment) at the
Center for Risk-Based Community Resilience Planning led by Colorado State University. Cutler
et al highlight some of the key challenges associated with integrating a CGE model into NIST-
CORE. These challenges involve: (1) data and accounting matrices; (2) model assumptions; (3)
city selection and generalizability of model findings; and (4) interdisciplinary collaboration
across engineering, social and economic sciences.

4. Findings and Recommendations from the Breakout Sessions

Each of the breakout sessions was divided into three parts: (1) brainstorming; (2) challenge
selection and prioritization; and (3) development of details. In the brainstorming part, the scope
of the session was identified and challenges and best practices were identified. In the selection
and prioritization part, a small set of challenges were selected for further development. In the
third part, the selected challenges were developed for presentation to all workshop attendees in a
final plenary session. Each selected challenge included a narrative description, its root causes,
and an action plan through which key stakeholders could bring about change. It is important to
note that the action plans presented in Section 1V are aimed at advancing the state of resilience
within the nation. Therefore, it is believed that many of the individual actions identified will
help to guide the national agenda towards the selection of economic considerations that have the
potential to drive community investments in resilience.

This Proceedings provides the elements of a roadmap of national usefulness informing key
stakeholders of potential opportunities for their resilience-related research, development, and
deployment efforts. Moreover, the Proceedings provides many useful considerations for the
resilience stakeholders. These include: the conflict between short-term priorities and long-term
well-being; the concept of a “resilience dividend” where resilience is evaluated on a day-to-day
co-benefit basis, rather than being justified on hypothetical disaster scenarios; the critical role of
performance-based standards; the inequitable distribution of costs and benefits among
stakeholders; the development of measures of economic resilience that are conceptually sound
and empirically valid; and the promise that systems-based thinking has for increased resilience to
natural and human-caused disasters.

The material contained in this Proceedings is intended to promote increased awareness of
resilience-related issues—both challenges and opportunities. The Proceedings identifies
definitional and methodological disconnects and analyzes them from a systems perspective. The
Proceedings also identifies barriers to the adoption and use of resilience-enhancing products and
practices and recommends an agenda for NIST and others to address these barriers.
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Harary, Howard, Director, Engineering Laboratory,
National Institute of Standards and Technology

Opening Remarks

Good morning and welcome to the Economics of Community Disaster Resilience Workshop.
Thank you for taking the time out of your busy schedules to participate and provide your insights
and experience to help make the business case for making investments in making a community
more resilient.

You don’t have to search far and wide for reasons to be here. Last year, wildfires scorched
Southern California and Washington, and Napa was rocked by an earthquake. In fact, there were
45 major disaster declarations last year. And 2014 was a relatively quiet year -- at least in terms
of raw numbers. In fact, the last time there were fewer than 50 major disaster declarations was
2002. And since 2002, the U.S. has endured seven of the 10 most costly disasters in its history,
with Hurricane Katrina and Superstorm Sandy at the top of the list.

And as we look ahead, we know that the disaster risks will only increase. Recent studies have
warned of increased coastal flooding, mega droughts, and Katrina-scale storms blasting the
Northeast, just to name a few of the predicted impacts of climate change.

So, achieving disaster resilience should be a top priority for the Nation, states, businesses,
citizens, and, especially, communities. Communities -- where we live, work, raise families -- are
the necessary focal point. Communities are ‘ground zero’ when a hazard event strikes. And
communities bear the brunt of recovery, which can span many years.

But communities also bear the responsibility to become more resilient so that random, yet almost
inevitable hazards do not become disasters. They are challenged to be proactive -- to take steps
so that they can better withstand, adapt, and recover quickly when nature throws a violent punch
or when they are assailed by a human-caused catastrophe. But what steps? And how and when
should communities take them? What are the priorities? What’s the business case?

Well, that’s why you’re here -- and that’s why the National Institute of Standards and
Technology (NIST) has undertaken this collaborative, nationwide effort to develop a
comprehensive, science-based approach to community disaster resilience. Communities want
actionable information and guidance to support their decision-making and their investments in
resilience. With reliable information, methods, and tools, communities can assess their strengths
and their vulnerabilities. They can identify their blind spots. And they can develop an integrated
view of what resilience looks like so that all the key players will be involved in helping to make
it a reality.

Now nobody disagrees -- | hope -- that disaster resilience is important. In fact, resilience has
become somewhat of a buzz word and catch-all term. In a recent letter to the journal Nature,
which was prompted by an article on flood resilience, the writer claimed that there are over 70
different definitions of resilience in the scientific literature. While I agree that consistent
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terminology is important, | think we have a strong and building consensus on the key points to
begin operationalizing the goal of community disaster resilience.

On April 27th, NIST released for public comment a draft of the Community Resilience Planning
Guide for Buildings and Infrastructure Systems. The economic guidance document and decision
support methodology being developed by our Applied Economics Office is designed to fit
“hand-in-glove” with the planning guide. The planning guide is intended to be a customizable
tool, one that a town or city can apply to better understand their own circumstances, define their
particular risks, and set their own priorities and timetables for implementation.

Clearly, the time to plan for hazards is not after disaster strikes. Regrettably, that is still largely
how we do it now -- during recovery. Sometimes, communities build back better, reduce their
vulnerability, and improve their capacity to recover quickly and efficiently when the next hazard
strikes. Communities are ready for a new approach that reduces damage levels and speeds
recovery. Resilience planning and implementation really should be done proactively -- in
anticipation of the next extreme event. After all, we live in what already is one of the most
natural-disaster-prone regions in the world. And climate change will more than likely add to this
worrisome distinction.

Our challenge is to clear and mark the path that leads to the goal of reducing the impacts of
hazard events on our society and economy by enhancing the resilience of buildings and
infrastructure systems in our communities. To do this, it is necessary to shift our thinking from
the old way -- designing and operating buildings and infrastructure as independent systems -- to
a new way -- as an integrated system-of-systems. We also must interweave resilience planning
into a community’s social and economic systems, since they are supported by the physical
infrastructure and the vital services it enables.

Providing communities with guidance to avoid disastrous consequences can make a
tremendously positive difference. Helping communities to make resilience an integral part of
their long-term planning and development is an incredible two-for-one deal. It not only will
increase resilience to disruptive events -- and reduce their enormous toll on people and the
economy; it also will make our communities better places to live and more desirable locations
for business and industry.

As many of you know, NIST’s efforts are part of a much larger federal effort to enhance the
resilience of our communities and by extension, the resilience of the Nation to the hazards we
face. The Department of Commerce, of which NIST is a part, has made resilience a key element
of its strategic plan. Many parts of the Department are engaged in efforts to improve the
resilience of our communities and the Nation. The NIST resilience program is a part of -- and
contributes to -- interagency efforts to prepare the Nation for the effects of a changing climate, as
documented in the President’s Climate Action Plan.

The efforts I have just described are only a part of NIST’s commitment to improving the
resilience of our Nation’s communities. One important source of new knowledge and modeling
capabilities will be the new NIST-funded Community Resilience Center of Excellence, based at
Colorado State University. Working with NIST researchers and partners from 10 other
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universities, the center will develop models and computer tools to support community resilience
efforts.

The objective of this workshop is to bring together decision makers, community planners, policy
makers, and subject matter experts in economics, engineering, insurance, finance, and risk
analysis to address the economics of community disaster resilience. My hope is that this
workshop will go a long way towards enabling NIST -- and the Nation — to identify economics-
based opportunities, tools, and levers to support decision making in communities that will make
them more disaster resilient.

So, thank you again for coming and for sharing your ideas. | look forward to a productive
workshop. 1 greatly look forward to hearing about the outcomes of your work.
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Helper, Sue, Chief Economist of the Department of Commerce, Washington, DC

Perspectives on Resilience Economics for the Nation

Dr. Sue Helper, Chief Economist of the Department of Commerce, provided the keynote address
to the NIST/ASCE/ASME (National Institute for Standards and Technology/American Society
of Civil Engineers/ American Society of Mechanical Engineers) Workshop on the Economics of
Community Resilience on April 30, 2015. She spoke about the imperative for incorporating
resilience into community planning — the economic benefits realized by doing so and the
potentially significant risks of not doing so, as demonstrated by relevant case studies. Dr.
Helper’s address was entitled “Perspectives on Resilience Economics for the Nation” and is
responsive to Presidential Policy Directive 8, which calls for “strengthening the security and
resilience of the United States through systematic preparation for the threats that pose the
greatest risk to the security of the nation including acts of terrorism, cyberattacks, pandemics and
catastrophic natural disasters.” Dr. Helper spotlighted NIST’s recent resilience efforts, both the
workshop, “NIST’s Community Resilience Planning Guide for Buildings and Infrastructure
systems,” and the NIST-funded Community Resilience Center of Excellence based at Colorado
State University.

Dr. Helper noted that over $1 trillion has been spent on 178 weather and climate disasters since
1980, per NOAA’s National Climatic Data Center. But, she said, investments in resilience can
reduce such costs. For example, she cited one store, IKEA, which invested in resilience prior to
Superstorm Sandy and was able to function just after the storm passed through Brooklyn.
Meanwhile, just blocks away, Fairway Market, which made no such investments in resilience,
lost all of its inventory and was unable to function for a period of months. Dr. Helper said that
modifications to enhance resilience for existing structures before disruptive events improve
system performance and dramatically shorten time to full recovery.

Dr. Helper demonstrated how some communities undervalue and fail to invest in resilience since
risks are often poorly understood and hard to monetize, choices are often collective and involve
future generations, and risks are sometimes shifted to those least able to bear them. Dr. Helper
emphasized the need to define the “risk correlation” or the “beta.” Firms need to diversify their
portfolio while reducing their high betas so that the community or firm can retain returns even
after tough economic times or following a natural disaster.

The speech concluded with examples of Commerce data that have helped in responding to or
evaluating the economic impacts of natural disasters. Dr. Helper pointed to the example of the
U.S. Census Bureau’s American Community Survey data. This information was used after the
Hawaii Kilauea volcano eruption of 2014 to produce maps of vulnerable populations in the path
of the Puma lava flows including locations of schools, students, households in poverty and the
elderly. In another example, Dr. Helper highlighted the Bureau of Economic Analysis’ Regional
Input Output Modeling System multipliers, which were used by staff in her Office of the Chief
Economist (OCE) to estimate the economic impact of Superstorm Sandy on New Jersey and
New York—and in particular the projected economic and job impacts on travel and tourism in
New Jersey.
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Finally, Dr. Helper noted an ongoing collaborative effort between OCE and NOAA’s Office of
the Chief Economist to develop a Departmental website to assist firms in incorporating natural
capital in their business planning and operations. The year-long project includes a series of four
business roundtable workshops—the Gulf of Mexico, the Great Lakes, the Northeast and Silicon
Valley, culminating in an early 2016 event in Washington, D.C.
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Morris, Christine, Chief Resilience Officer, City of Norfolk

Community Resilience—A Chief Resilience Officer’s Perspective

The city of Norfolk’s natural and man-made assets are remarkable: 144 miles of coastline; 125
active and engaged civic leagues; the world’s largest naval station; and the most multi-modal city
in Virginia. But having been nearly destroyed during the American Revolution, burned down
during the Civil War, and flooded repeatedly during the past century, Norfolk knows that
resilience is key to its future.

In this city anchored by the Navy, and taking a whole-community approach focused on hazard
mitigation, preparedness, response, and recovery, Norfolk has learned to “live with the water” as
a coastal city; however, rising sea levels and recurrent flooding remain a major threat. Norfolk
faces two overarching concerns. First, local transportation officials estimate thousands could be
stranded if a major hurricane hits the region because the state’s evacuation plan is inadequate.
Second, energy security and redundancy remain a challenge, as power outages present safety and
health hazards.

Norfolk’s commitment to resilience was recognized through its selection as one of the 33 Wave
1 finalists in the Rockefeller Foundation’s 100 Resilient Cities Centennial Challenge. Pioneered
by the Rockefeller Foundation, 100 Resilient Cities (100RC) is dedicated to helping cities around
the world become more resilient to the physical, social, and economic challenges that are a
growing part of the 21st century. 100RC supports the adoption and incorporation of a view of
resilience that includes not just the shocks—earthquakes, fires, floods, etc.—but also the stresses
that weaken the fabric of a city on a day-to-day or cyclical basis. These stresses include: high
unemployment; an overtaxed or inefficient public transportation system; endemic violence; or
chronic food and water shortages. By addressing both the shocks and the stresses, a city
becomes more able to respond to adverse events, and is overall better able to deliver basic
functions in both good times and bad to all populations.

Cities in the 100RC network are provided with the resources necessary to develop a roadmap to
resilience along four major pathways: (1) financial and logistical guidance for establishing an
innovative new position in city government, a Chief Resilience Officer (CRO), who will lead the
city’s resilience efforts; (2) expert support for development of a robust resilience strategy; (3)
access to solutions, service providers, and partners from the private, public, and NGO sectors
who can help them develop and implement their resilience strategies; and (4) membership in a
global network of member cities who can learn from and help each other. Through these actions,
100RC aims not only to help individual cities become more resilient, but will facilitate the
building of a global practice of resilience among governments, NGOs, the private sector, and
individual citizens.

The city of Norfolk recognizes that resilience is the ability to withstand chronic stresses and
acute shocks while still maintaining essential functions and recovering quickly and effectively.
To meet that challenge, the Chief Resilience Officer will: (1) work across silos to create and
implement a comprehensive resilience strategy; (2) serve as senior advisor to the city manager;
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(3) coordinate resilience efforts across government and multi-sector stakeholders; (4) promote
resilience thinking and act as a global thought leader; and (5) liaise with other CROs, 100RC
staff, and service providers via the 100RC network and platform. Through the CRO’s efforts,
the city of Norfolk has focused on three inter-related areas: (1) costal resilience; (2) economic
resilience; and (3) neighborhood resilience. As part of its costal resilience effort, Norfolk is
pioneering the first resilient land use code and is “re-imagining” structures and infrastructure in a
rising sea environment. Economic resilience recognizes that a vibrant economy is a diverse
economy and is working on creating an entrepreneurial ecosystem that can support business
creation and business expansion. To improve residents understanding of risk and reduce
repetitive loss flood insurance claims Norfolk is working to improve public awareness about
flood risk. Neighborhood resilience is a central ingredient to Norfolk’s resilience because above
all Norfolk is a city of neighborhoods. Through the Neighbors Building Neighborhoods model,
Norfolk is identifying neighborhood assets that working with local communities to find effective
ways to build cohesion that protects vulnerable populations during disruptive events.

Since the Nation’s birth, Norfolk has suffered shocks and rebounded strongly. The future poses

many new challenges, but Norfolk is well positioned to meet them, learn from them, and become
a sought after place for families, businesses, and government.
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Ayyub, Bilal M., Gerald E. Galloway and Richard N. Wright, University of Maryland, and
Robert E. Chapman, NIST

About the Workshop

1. Background

Advancements in measurement science are needed to estimate the economic burden of disasters.
Disaster-related loss estimates should consider direct losses plus down-stream, indirect effects,
such as business interruption, which can be large and have a significant effect on the
sustainability of a local or regional economy. The Engineering Laboratory at NIST is developing
such an economic guide to help key stakeholders make the business case for communities to
invest in disaster resilience. The guide will enable a community to quantify net savings from a
staged implementation of a mitigation strategy and its integration into the community's long-
range planning strategy. NIST, ASCE and ASME held this workshop to address this challenge.

2. Objectives

The objective of the workshop is to bring together decision makers, community planners, policy
makers, and subject matter experts in economics, engineering, insurance, finance, and risk
analysis to collect information on the state-of-the-art in, and identify data and knowledge gaps
relevant to, the economics of community disaster resilience. NIST’s Community Disaster
Resilience Initiative includes the development of an economic guide for a first-generation
decision support methodology to aid communities in identifying cost-effective strategies for
achieving their resilience performance goals. The outcomes of the workshop will enable NIST
to better assist key stakeholders in identifying opportunities to support the decision making
abilities of communities to plan, to mitigate, respond to, and recover from disasters. The
discussion and outcomes will benefit the participants by enhancing their understanding of
multidisciplinary perspectives, available methods, best practices, and associated uncertainties.

3. Discussion Topics

Discussion topics included:
e Resilience Planning and Deployment
e Dealing with Uncertainty
e Economics of Recovery

4. Participants

The workshop was attended by about 75 people. A complete list is provided in Appendix A with
biographical information on speakers, moderators and organizers in Appendix B.
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5. Agenda

Evening of April 29, 2015: Dinner and Opening Discussion

Time Topic Duration Room Speakers
5:00-6:00pm |REBIstration 60 Sheraton Reston, VA
Reception Sheraton
6:00-9:00 pm |Breakout 1. Resilience Planning and Deployment 180 Reston Hotel |Bilal Ayyub, Lead Organizer, University of Maryland (UMD)
Dinner seating |Breakout 2. Dealing with Uncertainty 180 (Jr. Ballroom) [Robert Chapman, Sponsor, National Inst. of Standards and Tech. (NIST)
by breakout |Breakout 3. Economics of Recovery 180 Topics: Background, objectives and plans of the breakout sessions
April 30, 2015: Workshop
Time Topic Duration Room Speakers
7:30-8:30 Breakfast 60 ASCE
Welcome and Introduction 5 Bilal Ayyub, CEE Professor, UMD
8:30-9:20 Opening remarks 10 Cardinal H.oward Harary, Director, Engineering Laboratory, NIST
Symposium program 10 Bilal Ayyub, CEE Professor, UMD
Perspectives on resilience economics for the Nation 20+5 Sue Helper, Chief Economist, Department of Commerce
Technical Presentations Gerald Galloway, NAE, CEE Professor, UMD
9:20-9:40 Resilience planning and deployment - | 1545 Cardinal Joseph Fiksel, Director, Center for Resilience, The Ohio State Un.
9:40-10:00 [Resilience planning and deployment - I 15+5 Cardinal Howard Kunreuther, Wharton at University of Pennsylvania
10:00-10:10 Break 10
10:10-10:30 [Dealing with uncertainty - | 15+5 Cardinal Robert Prieto, Sr VP, Fluor
10:30-10:50 [Dealing with uncertainty - Il 15+5 Cardinal Richard Feigel, Former VP (retired), Hartford Steam Boiler
10:50-11:10 [Economics of recovery 15+5 Cardinal Stephanie Chang, The University of British Columbia
11:10-11:35 [Perspectives on community needs 20+5 Cardinal Christine Morris, Chief Resilience Officer, City of Norfolk
11:35-11:55 |Perspectives on Community Disaster Resilience 1545 Cardinal Adam Rose, University of Southern California
11:55-12:00 [Breakout sessions: Knowledge gaps & research needs 5 Cardinal Richard Wright, NAE, CEE Professor, UMD
12:00-1:00 Hosted Lunch 60 ASCE John W. van de Lindt, CoIorado_State_ University
Perspectives on Community Disaster Resilience Thomas Simth (invited), Executive Director, ASCE
Breakout 1. Resilience planning and deployment Joseph Fiksel, The Ohio State University (co-moderator)
1:00-4:00 Phase 1. Broad scope brainstorming 60 Cardinal Howard Kunreuther, University of Pennsylvania (co-moderator)
Phase 2. Prioritization and selections 60 Douglas Thomas, Economist, NIST (co-facilitator)
Phase 3. Report preparation for joint session 60 Gerald Galloway, NAE, CEE Professor, UMD (co-facilitator)
Breakout 2. Dealing with uncertainty Robert Prieto, Sr VP, Fluor (co-moderator)
1:00-4:00 Phase 1. Broad scope brainstorming 60 DMUM Richard Feigel, Former VP, Hartford Steam Boiler (co-moderator)
Phase 2. Prioritization and selections 60 David Butry, Economist, NIST (co-facilitator)
Phase 3. Report preparation for joint session 60 Richard Wright, NAE, CEE Professor, UMD (co-facilitator)
Breakout 3. Economics of recovery Stephanie Chang, University of British Columbia (co-moderator)
1:00-4:00 Phase 1. Broad scope brainstorming 60 CHaM Robert Chapman, Chief Economist, NIST (co-moderator)
Phase 2. Prioritization and selections 60 Stanley Gilbert, Economist, NIST (co-facilitator)
Phase 3. Report preparation for joint session 60 Bilal Ayyub, CEE Professor, UMD (co-facilitator)
ies by Co-moderators: Joint Session Robert Chapman, Chief Economist, Applied Economics Office, NIST
Report on Breakout 1. Resilience planning and deployment | 10+10 Joseph Fiksel and Howard Kunreuther
Report on Breakout 2. Dealing with uncertainty | 10+10 Cardinal Robert Prieto and Richard Feigel
Report on Breakout 3. Economics of recovery | 10+10 Stephanie Chang and Robert Chapman
5:00-5:15 Post Workshop Plans and Adjournment 15 ASCE Bilal Ayyub, CEE Professor, UMD

Workshop Venue: ASCE Headquarters, Bechtel Center, 1801 Alexander Bell Drive, Reston, VA 20191, (800) 548-2723
Recommended Hotel: Sheraton Reston Hotel, 11810 Sunrise Valley Drive, Reston, VA 20190
Hotel reservation for specioal rate: 703-620-9000 (Tel), 703-860-1594 (Fax), https://www.starwoodmeeting.com/Book/NISTASCEWorkshop
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Ayyub, Bilal M., University of Maryland, and Robert E. Chapman, NIST

Workshop Program Rationale

1. Resilience Definitions and Metrics

The concept of resilience appears in different domains ranging from ecology to psychology and
psychiatry to infrastructure systems. It was formally introduced in ecology, defined as the
persistence of relationships within a system (Holling 1973), and measured by the system’s ability
to absorb change-state variables, driving variables and parameters and still persist. Several
reputable entities defined resilience in their high-impact documents, most notably the following
(Ayyub 2014a):

In the Presidential Policy Directive (PPD-21, 2013) on Ciritical Infrastructure Security
and Resilience, the “term resilience means the ability to prepare for and adapt to
changing conditions and withstand and recover rapidly from disruptions. Resilience
includes the ability to withstand and recover from deliberate attacks, accidents, or
naturally occurring threats or incidents.”

The National Research Council (2012) defined resilience as the ability to prepare and
plan for, absorb, recover from or more successfully adapt to actual or potential adverse
events as a consistent definition with U. S. governmental agency definitions (SDR 2005,
DHS 2008 and PPD-8 2011) and NRC (2011).

The ASCE Committee on Critical Infrastructure (ASCE Policy Statement 518,
http://www.asce.org/Content.aspx?id=8478) states that resilience refers to the capability
to mitigate against significant all-hazards risks and incidents, and to expeditiously
recover and reconstitute critical services with minimum damage to public safety and
health, the economy, and national security.

The National Infrastructure Advisory Council defines infrastructure resilience as the
ability to reduce the magnitude and/or duration of disruptive events. The effectiveness of
a resilient system depends upon its ability to anticipate, absorb, adapt to, and/or rapidly
recover from a potentially disruptive event.

The Multidisciplinary Center for Earthquake Engineering Research (MCEER) of the
State University of New York at Buffalo lists characteristics of resilience to include
robustness, redundancy, resourcefulness and rapidity.

The United Nations Office for Disaster Risk Reduction (UNISDR) characterized a
resilient city by its capacity to withstand or absorb the impact of a hazard through
resistance or adaptation, which enable it to maintain certain basic functions and structures
during a crisis, and bounce back or recover from an event.

The Civil Contingencies Secretariat of the Cabinet Office, London, UK (2003,
www.cabinetoffice.gov.uk) defined resilience as the ability of a system or organization to
withstand and recover from adversity.

Ayyub (2014a) suggested a resilience definition that builds on the PPD-21 (2013) and lends itself
for measurement as follows:

“Resilience notionally means the ability to prepare for and adapt to changing
conditions and withstand and recover rapidly from disruptions. Resilience

XXXIV


http://www.asce.org/Content.aspx?id=8478
http://www.cabinetoffice.gov.uk/

includes the ability to withstand and recover from disturbances of the deliberate

attack types, accidents, or naturally occurring threats or incidents.”
This combination definition has intension and inclusion class features. A proposed
definition that belongs to the intension class is as follows:

The resilience of a system is the persistence of its functions and performances

under uncertainty in the face of disturbances.
This definition is intended to have a broad use ranging from infrastructures to networks to
communities. It enables the measurement of resilience through metrics by meeting the following
requirements as demonstrated by Ayyub (2014a): (1) building on previous notional definitions;
(2) considering initial and residual strength, i.e., capacity and robustness; (3) accounting for
abilities to prepare and plan for, absorb, recover from or adapt to adverse events; (4) treating
disturbances as events with occurrence rates of stochastic processes; (5) permitting the use of
several performance attributes; (6) accounting for changes over time, e.g., aging or
improvements; (7) considering full or partial recovery and times to recovery; (8) considering
potential enhancements to system performance after recovery; (9) being compatible with other
familiar notions such as reliability and risk; and (10) enabling the development of resilience
metrics with meaningful units.

Ayyub (2014a) suggested resilience metrics that are consistent with the resilience definition
provided earlier as persistence of the system’s functions and performances under uncertainty in
the face of disturbances, and meet the requirements imposed on such a definition. The definition
captures the details of resilience concept and lends itself for valuations as provided in Figure 1.
The model allows for and facilitates the following considerations:
Random disturbances
Aging
System enhancements
Performance after recovery
Failure profiles
Recovery profiles
Benefits and costs
Investment strategies
Resilience economics
A simplified version of this concept without aging is provided in Figure 2 based on a linear
recovery model. Recovery models based on three cases studies were examined by Ayyub (2015)
with the following findings:

e New Orleans, 2005 Katrina is following linear recovery

e |-35W bridge, 2007 has recovered by a single step function

e World Trade Center, 2001 is recovering in a multi-step function
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2. Resilience Economics: Breakout Sessions
Figure 3 shows the primary components of resilience economics: time, cost and benefits. The
figure also shows the associated uncertainties. Figure 4 identifies the three breakout sessions in
relation to Figure 3 as follows:

e Resilience Planning and Deployment

e Dealing with Uncertainty

e Economics of Recovery

Figure 5 examines varied strategies and the associated costs and benefits with uncertainties.
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Figure 3. Resilience Economics: Time, Cost and Benefit
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2. Uncertainty
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Infrastructure Systems - An Overview

Abstract

The Economic Guide provides a standard economic methodology for evaluating investment
decisions aimed at improving the ability of communities to adapt to, withstand, and quickly
recover from disasters." The Economic Guide is designed for use in conjunction with the
National Institute of Standards and Technology (NIST) Community Resilience Planning Guide
for Buildings and Infrastructure Systems, which provides a methodology for communities to
develop long-term plans by engaging stakeholders, establishing performance goals for buildings
and infrastructure systems, and developing an implementation strategy. The Economic Guide
supports the NIST Planning Guide by providing a mechanism to determine the efficiency of
resilience actions and prioritize them. Using the economic methodology frames the economic
decision process by identifying and comparing the relevant present and future streams of costs
and benefits—the latter realized through cost savings and damage loss avoidance—associated
with new capital investment into resilience to those future streams generated by the status-quo.
Topics related to non-market values and uncertainty are also explored. The Economic Guide
provides context for increasing resilience capacity through focusing on those investments that
target key social goals and objectives, and providing selection criteria that ensure reduction of
risks as well as increases in resilience. Furthermore, the economic methodology aims to enable
the built environment to be utilized more efficiently in terms of loss reduction during recovery
and to enable faster and more efficient recovery in the face of future disasters.

Keywords
Benefit-cost analysis; community disaster resilience; economic analysis; economic decision tool;
natural and man-made hazards; risk assessment; standards; vulnerability

1. Introduction

Communities in the United States experience natural and human-caused hazards every year.
When a hazard severely disrupts a community’s ability to function, it becomes a disaster. Severe
storms, hurricanes, storm surge, tornados, wildfires, earthquakes, snow and ice, and human-
caused disruptions lead to numerous Presidential disaster declarations and billions of dollars in
losses every year. Community disaster resilience is recognized as a critical national priority—
one that requires meaningful and rigorous measurement science to develop planning guidelines
and tools, and to establish suitable performance metrics. To address this need, the Economic
Guide (Gilbert, Butry, Helgeson, and Chapman, 2015) provides a means to increase the capacity
of communities to objectively and effectively compare and contrast capital investment projects
through consideration of benefits and costs while focusing awareness on the integrated system-
of-systems aspects of community disaster resilience.

! This Overview provides a concise and comprehensive summary of the companion document, NIST Special
Publication 1197, Community Resilience Economic Decision Guide for Buildings and Infrastructure Systems
(Gilbert, Butry, Helgeson, and Chapman, 2015).



The Economic Guide builds on both economic concepts drawn from the literature (Gilbert, 2010)
and first-hand experience by key stakeholders. An earlier draft of the Economic Guide in the
form of a White Paper (Gilbert and Butry, 2015) was provided as part of the read-ahead
materials to the 70 plus registrants for the Economics of Community Disaster Resilience
Workshop. Many Workshop attendees provided comments on the earlier draft; several of whom
provided extensive sets of comments which have been incorporated into the Economic Guide.

The term resilience is used in many ways. The definition for the Economic Guide is contained in
Presidential Policy Directive 21 (PPD-21, 2013), which states: “the term ‘resilience’ means the
ability to prepare for and adapt to changing conditions and withstand and recover more rapidly
from disruptions.” Under this definition, resilience includes activities already conducted by
communities, such as disaster preparedness, hazard mitigation, code adoption and enforcement,
and emergency response. The phrase “prepare for and adapt to changing conditions” refers to
preparing for conditions that are likely to occur within the lifetime of a facility or infrastructure
system, such as a hazard event or physical conditions that may change over time. The second
part of the definition, “withstand and recover quickly from disruptions,” must be examined for
the anticipated range of possible hazard events.

2. Relationship to the NIST Community Resilience Planning Guide for Buildings
and Infrastructure Systems

The NIST Community Resilience Planning Guide for Buildings and Infrastructure Systems
(NIST, 2015) provides a methodology for local government to bring together all the relevant
stakeholders to establish performance goals to maintain the social and economic fabric when
disruptive events occur. The NIST Planning Guide is intended to support long-term community
planning. The methodology is focused on the role that buildings and infrastructure play in
assuring that social and economic functions are able to resume in a manner that does not result in
detrimental impacts after a disruptive event. When catastrophic events occur, the community
will have plans in place to rebuild in a thoughtful way to be better prepared for future events,
including coordination with state and federal agencies as outlined in the National Preparedness
Goal. The National Preparedness Goal (Federal Emergency Management Agency (FEMA),
2015) is stated as: “a secure and resilient nation with the capabilities required across the whole
community to prevent, protect against, mitigate, respond to, and recover from threats and hazards
that pose the greatest risk.” The NIST Planning Guide supports the National Preparedness Goal
by providing planning guidance at the local level to support achieving the outcome of
community resilience.

The NIST Planning Guide details a six-step process for community leaders to develop and
implement a resilience plan. It creates a proactive process to ensure critical social functions of
the community are supported during and after a disaster occurs. The six steps are briefly
described below.
1. Form a Collaborative Planning Team
The objective is to identify the resilience leader(s) and critical team members, and engage
with key public and private stakeholders for input into the planning and implementation
stages.



2. Understand the Situation
The objective is to characterize the social dimensions and built environment, by developing
an understanding of the social functions that buildings and infrastructure systems support.
The social institutions includes: family, health, economy, education, government, religious
and cultural beliefs, community service, and the media. The built environment includes:
buildings, energy, transportation, communication, and water and wastewater sectors.

3. Determine Community Goals and Objectives
The objective is to establish long-term community goals based on desired recovery
performance goals for the built environment. It includes defining community hazards and the
current expected performance of systems during and after hazard events in their ability to
support social functions.

4. Plan Development
The objective is to perform gap analysis between the current and desired performance goals,
and to identify and prioritize potential solutions as a basis for the implementation strategy.

5. Plan Preparation, Review and Approval
The objective is to document the resilience plan and implementation strategies, and to obtain
approval from the community of stakeholders.

6. Plan Implementation and Maintenance
The objective is to execute the plan and to revisit it on a periodic basis.

The way in which the six-step process outlined in the NIST Planning Guide fits hand-in-glove
into the Economic Guide methodology is illustrated in Figure 1. NIST Planning Guide steps 1
through 4 are listed under the heading of Select Candidate Strategies in Figure 1. NIST Planning
Guide steps 5 and 6 are listed under the heading of Select Investments in Figure 1. Itis
important to note that the Economic Guide has step 4, Plan Development, as its primary focus.
NIST Planning Guide steps 1 through 3 are used to identify the potential solutions referred to in
step 4. The Economic Guide uses economic analysis techniques to prioritize the potential
solutions, which is a key component of step 4. The analysis reports produced under the heading
Perform Economic Evaluation provide the economic foundation for NIST Planning Guide steps
5and 6. Figure 1 is explained in greater detail in the following section.



| Select Candidate Strategies |

Form a Collaborative Determine Community

Planning Team g ersizmd e St Goals & Objectives

> ]
/
| Define Investment Objectives and Scope |

Define Economic Objective
Function

Plan Development

Define Planning Horizon Identify Constraints
\/
| Identify Benefits and Costs |
Identify Costs & Losses Identify Savings & Benefits Identify Externalities
= )
/
| Identify Non-Market Considerations |

Value of a Statistical Identify Sociocultural Identify Environmental
Injury Impacts Impacts

> ]
/
| Define Analysis Parameters |
Select Discount Rate Define Probability Distributions Define Risk Preference
\./
| Perform Economic Evaluation |
Compute Present Expected Value Evaluate Impact of Uncertainty
= )
/
| Select Investments |

Plan Preparation, Review, & Approval Plan Implementation & Maintenance

Value of a Statistical Life

Figure 1. Procedure Underlying the Economic Methodology

3. Economic Decision Guidelines

Communities need an approach that helps them decide between alternatives that reduce damage
levels and speed recovery while maintaining efficiency over limited economic resources.
Ideally, resilience planning for physical infrastructure and related services will be woven into
communities’ social and economic growth plans/systems in a way that supports decreased
vulnerability. Existing plans can be informed by and integrated with a comprehensive, systems
level assessment of the community. The San Francisco Planning & Urban Research Association



and the state of Oregon are developing and implementing this approach for resilience planning
(SPUR, 2009; Yu, Wilson, and Wang, 2014).

The Economic Guide provides a process for considering alternate methods for increasing
community resilience through cost-effective investments in the built environment and other
infrastructure. It includes the step-wise methodology shown in Figure 1 for analyzing the
economics of competing capital improvements and ultimately selecting the most cost-effective
investment strategies. Each of the steps in the methodology is described in the subsections
which follow. Each step in the methodology corresponds to a numbered subsection; the
subheadings under each step are highlighted.

3.1. Select Candidate Strategies

This subsection stresses the linkage between the first four steps in the NIST Planning Guide and
the Economic Guide methodology. The material compiled by following the first four steps in the
NIST Planning Guide produces the information needed to support the economic evaluation of
the alternative community resilience investment strategies.

Form a Collaborative Planning Team

For resilience to be successful, leadership is needed to promote and integrate coordination and
outreach activities. The resilience team should include representatives from local government
(e.g., community development, public works, and building departments); private owners and
operators of buildings and infrastructure systems; local business and industry leaders;
representatives of social organizations and any other significant community groups. Some
groups may already be working on aspects of resilience planning, such as land use planning,
long-term economic development, mitigation, building inspections, or emergency management.
The resilience team should compile information from published sources (Gilbert, 2010; Thomas
and Chapman, 2008) and on best practices to assist them in their plan development effort.

Understand the Situation

Both the social dimensions and the built environment need to be characterized, and dependencies
among and between the social services and supporting built environment identified. Buildings
and infrastructure systems that support desired social services should be clearly identified for
resilience planning. Characterizing the existing built environment includes identifying key
attributes and dependencies for buildings and infrastructure systems within the community.
Communities’ building and public works departments and utilities may have much of the needed
information available through their various databases. Characteristics that will help determine
the current condition of the built environment include the owner, location(s), current use, age,
construction types, zoning, maintenance and upgrades, and applicable codes, standards, and
regulations, both at the time of design and for current performance. Information about
dependence on other systems, or branches of systems, will help build an understanding of how
the built environment is expected to perform if one of the systems, or a branch of the system,
stops providing services.

Determine Community Goals and Objectives

Establishing community goals and objectives for the built environment needs input from all
stakeholders, including local government offices for community development, emergency
response, social needs, public works, and buildings; private owners and operators of buildings



and infrastructure systems; local business and industry representatives; and social and economic
organizations. Community resilience planning should be based on long-term goals to guide
resilience planning and implementation. For example, a community may want to attract new
business with its improved infrastructure or redevelop a floodplain to become a community park.
Community goals also help with developing strategies and prioritization of resilience solutions.
Each community has a set of prevalent hazards that should be considered in resilience planning.
The NIST Planning Guide recommends that the performance of the community be evaluated at
three levels for each hazard to help communities understand performance across a reasonable
range of expected hazard levels. By understanding how social systems and the built environment
will perform and recover over a range of hazard levels, community goals and objectives will be
more informed.

Plan Development

Plan development is based on performance goals for the built environment which in turn are
based on times to recovery or function. Recovery times are established at two levels: desired
performance as a long-term goal and anticipated (actual) performance for existing systems. The
performance goals should be based on the social needs of the community and consider the
functions that buildings and infrastructure systems need to provide, as well as any dependencies
between systems or cascading effects caused by failures. Comparison of desired and anticipated
performance provides a basis for identifying gaps in performance that will impact community
resilience and therefore need to be integrated into the alternative community resilience
investment strategies. Community resilience investment strategies include mitigation, disaster
preparedness, design and construction, emergency response, and pre-event recovery planning.
Inclusion of desired performance goals versus anticipated (actual) performance of the built
environment to hazard events, and expected recovery sequences, time, and costs provides a
complete basis for communities to understand gaps in performance, prioritize improvements
through the use of economic evaluation techniques, and allocate resources.

3.2. Define Investment Objectives and Scope

Economics deals with the efficient allocation of resources. At the heart of this allocation process
is an optimization problem. In the context of resilience this is either the minimization of costs
plus losses or the maximization of benefits minus costs, referred to hereafter as net benefits.

Both problem formulations yield the same result, provided the objective function is subject to the
same set of constraints, and the same planning horizon.

Define Economic Objective Function

The Economic Guide is designed to identify the community investment strategies with the
greatest net benefit, accounting for all factors for which a value can be determined. An objective
function seeks those investments that maximize the net benefits. It is important to note that in
planning for disaster resilience, communities may choose to undertake a diverse approach that
involves specific risk reduction and risk transfer actions related to buildings and infrastructure
investments.

Define Planning Horizon

A planning horizon—the period over which alternatives are compared in terms of costs and
benefits that occur during that period—needs to be selected for the analysis. The planning
horizon—say 50 years—needs to be long enough to account for conditions that are likely to



occur within the lifetime of a facility or infrastructure system. A longer time horizon also allows
greater opportunity for “phasing in” resilience improving measures, recognizing the
community’s financial constraints. For a given planning horizon, care must be taken to ensure
that costs and benefits are fully and correctly accounted for.

Identify Constraints

In some cases, political, legal, financial, and other considerations might serve as important limits
on what a community can do. There are numerous factors that influence decisions whose impact
on the well-being of a community may limit the choice of certain resilience improvements. One
common constraint is a budget constraint. All local communities face funding limitations and
budget constraints. Thus, the “packaging” of an alternative resilience strategy may require a
combination of “phasing in” the timing of its costs and “resizing” components of that strategy,
when their costs exceed the budget constraint in one or more years, over a period of several years
during the planning horizon.

3.3. Identify Benefits and Costs

In order to formulate the problem through which net benefits are maximized, it is first necessary
to construct the objective function and its associated constraints. The construction of the
objective function and associated constraints requires the identification of all benefits and costs
which compose the objective function and associated constraints.

Identify Costs and Losses

Costs and losses are classified into two categories. The first classifies costs and losses by their
cause and measurability; it includes: mitigation costs, response and recovery costs, direct losses,
indirect losses, and non-economic losses. The second classifies losses by what is damaged or
destroyed; it includes: people, physical infrastructure, the economy, governmental services,
social networks and systems, and the environment. Losses to people (primarily deaths and
injuries), key governmental services, social networks and systems, and the environment
generally fall into the category of non-economic damages. What distinguishes non-economic
damages from economic damages (like damaged buildings and infrastructure, job losses, and
business-interruption costs) is that there is generally no market price for the things that are
affected by non-economic damages. The problem of dealing with non-economic costs and
benefits is discussed in Section 3.4 below. It is also useful to distinguish between direct losses
and indirect losses. Direct (economic) losses are largely limited to losses of physical
infrastructure. Indirect losses are the result of other losses. Indirect losses often include the
impacts to the economy, and include such things as business interruption costs and the costs of
unemployment due to disaster-related job losses. Often indirect losses are a result of the inability
to conduct business due to power or other infrastructure outages.

Identify Savings and Benefits

Benefits are primarily determined as the improvement in performance during a disaster over the
status quo, i.e., those obtained directly or indirectly by implementation of the alternative
resilience strategy. That improvement in performance includes both reductions in the magnitude
of damages (e.g. to property and livelihoods) from a disaster and in the savings in costs of the
response and recovery phases. Benefits also are considered to include positive effects (i.e. co-
benefits) from a mitigation strategy that occur outside the time of a disaster. These can be
analyzed in the same categories as disaster-related benefits: direct benefits, indirect benefits, and



non-economic benefits. These should take into account benefits and costs which accrue during
all phases associated with a disaster event and under business-as-usual circumstances. An
example of a direct non-disaster-related benefit would be an infrastructure improvement that
reduces current O&M costs. Indirect benefits might include reductions in business interruption
losses due to non-disaster-related power or water outages. An example of non-disaster-related
non-economic benefits could be reductions in highway deaths and injuries from highway
improvements.

Identify Externalities

Externalities are costs or benefits that impact a third party that is not part of the direct decision to
implement a given strategy. Externalities may be positive or negative; they may also be non-
market in nature. Air pollution (which affects numerous people beyond the polluting entity) is
an example of a negative externality. An example of a positive externality is basic research
whose benefits extend far beyond the entity funding the research. Externalities present
difficulties for two reasons. First, most externalities affect non-economic factors and are
therefore difficult to value. Second and more importantly, externalities present problems
because the person making the decision does not experience the full costs (in the case of negative
externalities) or benefits (in the case of positive externalities) of their decision. As a result,
investments with positive externalities tend to be under-supplied, and investments with negative
externalities tend to be over-supplied.

3.4. Identify Non-Market Considerations

One approach that is considered to be consistent with economic theory is based on the
willingness-to-pay concept. Willingness-to-pay values are computed according to how much
decision makers are willing to invest to reduce their risk of death or injury by a certain fraction.
Using evidence on labor and product market choices that involve implicit tradeoffs between risk
and wage or between risk and price, economists have developed estimates of the value of a
statistical life typically ranging from $4 million to $9 million with a median value of about $7
million (in 2000 dollars) (Viscusi and Aldy, 2003).

Value of a Statistical Injury

The same willingness-to-pay approach that is used to estimate the value of a statistical life saved
can be used to estimate the value of a statistical injury averted. In a survey of 31 studies from
the U.S. labor market and eight studies of labor markets outside the United States, Viscusi and
Aldy (2003) found estimates ranging up to 191 000 with most of the estimates between $20 000
and $70 000 (in 2000 dollars). The U.S. estimates are mostly based on job-related injury rates
and lost workday rates from the Bureau of Labor Statistics. Injuries associated with natural and
man-made hazards that are non-workplace related may have different characteristics that place
them at the higher end of the range given in Viscusi and Aldy. For example, Butry, Brown, and
Fuller (2007) used data from the Consumer Product Safety Commission to estimate the costs of a
fire-related injury in residential properties at $171 620 (in 2005 dollars).

Identify Sociocultural Impacts

Social networks, associations and neighborhoods build cohesion and reflect the shared social and
cultural values in a community. A hazard event can disrupt this cohesion and the community’s
shared values. In some cases, these disruptions can disproportionately affect certain groups or
neighborhoods, especially those groups who are economically disadvantaged. Measuring these
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impacts is very challenging. There are two basic techniques used to estimate a value for non-
economic costs and benefits: contingent value surveys and hedonic valuation methods.
Contingent valuation surveys present respondents with a set of options, where each of the
options is associated with a cost (known or unknown to the respondent), and asks them directly
which they prefer. Hedonic valuation methods on the other hand look for situations where the
non-market good is part of a larger bundle of goods that is available on the market and seeks to
identify how much value the non-market good contributes to the larger bundle.

Identify Environmental Impacts

The loss of wetlands or other natural resources associated with the occurrence of a natural or
man-made hazard adversely affects communities both in terms of their attractiveness to current
and potential residents and their potential for future growth. As with sociocultural impacts,
environmental impacts are difficult to measure. In the case of environmental impacts, however,
there is a considerable literature associated with a technique known as life cycle analysis which
is used for measuring the impacts of industrial products on the environment (Daniel et al, 2004).
Whereas industrial products are produced via largely “controlled” processes, a hazard event is
uncontrolled and therefore poses additional measurement challenges. The two basic techniques,
contingent value surveys and hedonic valuation methods, in conjunction with life cycle analysis
may provide a framework for estimating a value for environmental impacts.

3.5. Define Analysis Parameters

Select Discount Rate

The discount rate is a key variable in the valuation process. The discount rate embodies a time
preference of money and encapsulates the time preferences of the community. In general, it is
commonly accepted that people tend to prefer consumption at present over future consumption.
Discounting consumption that occurs in the future allows comparison between current and future
consumption in equivalent terms. In this case, that means discounting future costs and benefits
for the proposed resilience investment strategies. There are standard discount rates used by
federal agencies, but an individual jurisdiction should be able to choose its own discount rate, as
appropriate to the resilience investment strategies being assessed and consistent with its
identified priorities. The combination of the length of the planning horizon and the discount rate
dictate the relative importance of future benefits and costs.

Define Probability Distributions

The Economic Guide treats disasters as discreet, relatively rare events with known, fixed
probabilities or rates of occurrence. The economic methodology requires some distributional
information about the frequency of disasters and their potential outcomes (e.g., expected losses).
Since the NIST Planning Guide and the Economic Guide are intended to cover risks from all
hazards, needed is the rate of occurrence of any disaster occurring regardless of type. In
addition, distributional assumptions are required to estimate expected costs and benefits
associated with competing investment scenarios. Distributional assumptions for benefits—the
expected reduction in losses—are required given the uncertainties related to disaster occurrence
and outcome, while the assumptions needed for costs are due to typical uncertainties related to
cost estimation, and with some stemming from the dependence on the timing and severity of the
disaster itself (e.g., response and recovery costs). Information from the probability distributions
is used in two ways: (1) in a baseline analysis where all parameters are fixed equal to their
expected value and (2) in a sensitivity analysis where the baseline values are allowed to vary.
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First, the expected value for each input variable—the annual value for each cost, loss, and
benefit—is used in the baseline analysis of each alternative resilience strategy. This corresponds
to the traditional approach to project investment analysis, which applies economic methods of
project evaluation to best-guess estimates of project input variables as if they were certain
estimates and then presents the results in single-value, deterministic terms. Second, data points
from each probability distribution for each alternative resilience strategy are used as inputs in a
sensitivity analysis to measure how “sensitivity” the value of net benefits for the given resilience
strategy is to changes in input variables.

Define Risk Preference

Risk preference is the willingness of a decision maker to take a chance on an investment of
uncertain outcome. The Economic Guide assumes that jurisdictions are risk neutral. That means
that the community decision maker acts on the basis of expected monetary value—the decision
maker is indifferent between a payment with a sure cash value and a risky venture payment with
the same expected cash value. This is different from a risk averse decision maker who would
prefer a sure cash payment to a risky venture with known expected value greater than the sure
cash payment. It is important to note that the assumption of a risk neutral decision maker is
consistent with the traditional approach to project investment analysis, which applies economic
methods of project evaluation to best-guess estimates of project input variables as is they were
certain estimates and then presents the results in single-value, deterministic terms. Because the
Economic Guide assumes jurisdictions are risk neutral, the economic methodology includes a
structured sensitivity analysis to insure that the impacts of uncertainty are measured and
analyzed. This step is important because when projects are evaluated without regard to
uncertainty of inputs to the analysis, decision makers may have insufficient information to
measure and evaluate the risk of investing in a project having a different outcome from what is
expected.

3.6. Perform Economic Evaluation

Developing a cost-effective community resilience investment strategy is a complicated process,
entailing two distinct levels of analysis. This method of analysis systematically adds increased
detail to the decision-making process. The first level is referred to as the baseline analysis. Here
we are working with our best-guess or expected value estimates. The baseline analysis provides
a frame of reference for the treatment of uncertainty, which is the focus of the second level—the
sensitivity analysis, which systematically varies selected sets of data elements to measure their
economic impacts on the calculated values for net benefits for each alternative community
resilience strategy.

Compute Present Expected Value

The starting point for conducting an economic evaluation is to do a baseline analysis. In the
baseline analysis, all data elements entering into the calculations are fixed. For some data, the
input values are considered to be known with certainty. Other data are considered uncertain and
their values are based on some measure of central tendency, such as the mean or the median, or
input from subject matter experts. Baseline data represent a fixed state of analysis. For this
reason, the analysis results are referred to as the baseline analysis. The term baseline analysis is
used to denote a complete analysis in all respects but one; it does not address the effects of
uncertainty. Evaluate the calculated values for net benefits for each alternative community
resilience investment strategy. Select the alternative community resilience investment strategy
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with the highest net benefits as the candidate for further development into the community’s
resilience plan. Document findings from the baseline analysis in an analysis report; include the
results for all alternatives evaluated. Rank all alternatives examined from highest to lowest
according to their net benefits. Include comparisons between the investment strategy with the
highest net benefits and any alternatives which are considered strong contenders—Iisting both
the pros and cons of each.

Evaluate Impact of Uncertainty

Sensitivity analysis measures the impact on project outcomes of changing the values of one or
more key data elements about which there is uncertainty. Therefore, a sensitivity analysis
complements the baseline analysis by evaluating the changes in net benefits when selected data
inputs are allowed to vary about their baseline values. There are two forms of sensitivity
analysis: deterministic and probabilistic. The key advantage of deterministic sensitivity analyses
is that they are easily constructed and computed and the results are easy to explain and
understand. Their disadvantage is that they do not produce results that can be tied to
probabilistic levels of significance (e.g., the probability that the net benefits of an alternative
community resilience investment strategy are less than 0). Probabilistic sensitivity analyses use
some form of Monte Carlo simulation. Monte Carlo simulation varies a small set of key
parameters either singly or in combination according to an experimental design. Associated with
each key parameter is a probability distribution function from which values are randomly
sampled. The major advantage of the Monte Carlo simulation technique is that it permits the
effects of uncertainty to be rigorously analyzed through reference to a derived distribution of
project outcome values. Using the highest mean (average) net benefits of the derived
distribution as the decision criterion, recommend an alternative resilience investment strategy as
the candidate for further development into the community’s resilience plan. Document findings
from the sensitivity analysis in an analysis report; include the results for all alternatives
evaluated. Rank all alternatives examined from highest to lowest according to their mean net
benefits. Include comparisons between the investment strategy with the highest mean net
benefits and any alternatives which are considered strong contenders—Iisting both the pros and
cons of each. If applicable, include a discussion of any rank reversals—circumstances under
which the recommended alternative did not have the best measure of economic performance.

3.7. Select Investments

This subsection stresses the linkage between the last two steps in the NIST Planning Guide and
the Economic Guide methodology. The analysis reports resulting from the baseline analysis and
the sensitivity analysis provide the starting point for plan preparation, review, and approval.

Plan Preparation, Review, and Approval

Each of the alternative community resilience strategies consists of a set of investments. These
investments are likely staged over a period of years, so they can be fitted into the community’s
capital budgeting process. The presentation, analysis, and recommendations from the baseline
analysis and the sensitivity analysis are central to understanding and accepting the findings from
the economic evaluation; they need to be carefully integrated into the community’s resilience
plan to promote a more complete understanding of its merits by key community decision-makers
and stakeholders. If the presentation is clear and concise, and if the analysis strategy is logical,
complete and carefully spelled out, then the results should stand up under close scrutiny. The
following are the key economic considerations that need to be integrated into the resilience plan:
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e Recommend an alternative as the most cost-effect community resilience investment
strategy.

e Provide a rationale for the recommendation. Include as part of the rationale findings
from both the baseline analysis and the sensitivity analysis.

e If applicable, include a discussion of circumstances under which the recommended
alternative did not have the best measure of economic performance.

e Describe any significant effects that remain unquantified. Explain how these effects
impact the recommended alternative.

Plan Implementation and Maintenance

As the resilience plan moves into implementation, new information will become available on
both costs and benefits. To insure that the resilience plan becomes an integral part of the
community’s economic development plan and other long-range plans, that information needs to
be updated and maintained. In addition, any spillover benefits not accounted for in the original
plan should be documented along with any unintended consequences that detract from the merits
of the plan.

4. Next Steps

The Economic Guide provides a firm foundation for performing economic evaluations of
alternative community resilience investment strategies. Although the Economic Guide provides
the basis for performing these economic evaluations, additional resources are needed to insure
that the economic evaluations are straightforward, transparent and repeatable both within a given
community and across communities. To achieve this objective, two additional resources are
needed: (1) industry consensus standards focused on the economics of community disaster
resilience and (2) a user-friendly decision-support software tool based on those standards.

Industry consensus standards covering a wide range of economic topics have been developed by
ASTM International (ASTM, 2012). Although these ASTM standards on building economics
cover benefit-cost analysis, the treatment of risk and uncertainty, and multi-attribute decision
analysis techniques capable of addressing non-market considerations, their focus is on individual
buildings or collections of buildings in a campus setting. While they do not address the
integrated system-of-systems aspects of community disaster resilience, they do provide the
building blocks needed to fully address these important aspects. NIST has proposed to expand
the current suite of ASTM building economics standards to insure that systems concepts are
rigorously addressed. These new standards, once developed, will enable decision makers to
compare and contrast alternative community resilience investment strategies in a consistent and
repeatable manner.

Developing and evaluating a community resilience investment strategy requires team work and
data inputs from a variety of sources. Framing the decision problem in the proper way not only
significantly reduces the complexity of analyzing the merits of the proposed strategy but also
promotes a better understanding of the results of the analysis. By developing a user-friendly
decision-support software tool in collaboration with key industry/community stakeholders, NIST
will insure that all required data elements—both benefits and costs—are properly accounted for
and that the uncertainty associated with key assumptions and data elements is rigorously
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analyzed. The software tool will include a reporting feature that will summarize the results,
highlighting assumptions used in performing the analysis and documenting the sensitivity of the
results to those assumptions and other data elements. The reporting features will be designed in
a way that assists analysts in communicating results in a condensed but understandable format to
community leaders and other non-technical persons. These software features are aimed at
translating the selected community resilience investment strategy into a proposed plan for review
and approval by community leaders.
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Resilience Economics: A Systems Approach

Abstract

Natural disasters and other urban crises are becoming more frequent, while unsustainable
development patterns place increasing pressures on natural resources and infrastructure.
Communities are complex, adaptive systems, and traditional risk management approaches are
not adequate for dealing with turbulent change and unforeseen disruptions. When crises occur,
the responses are often driven by short-term priorities and may not consider systemic issues. A
comprehensive conceptual framework and new computational tools are needed to balance the
immediate requirements for community resilience with the long-term goals of sustainability and
well-being. There exists a broad range of methods for cost-benefit analysis of resilience
investments, including managerial accounting approaches and economic valuation of non-
monetary goods and services. By combining these methods with models of coupled human-
natural systems, it is possible to develop an integrated approach based on an inclusive wealth
framework that values economic, social, and natural capital. Although still in an early stage of
development, these models can also be extended to account for the value of resilience
improvement, which is critical for making investments and policy decisions that improve both
the resilience and sustainability of a community.

Keywords
Community, resilience, economics, disaster, systems, investment, framework

1. Background

Community resilience has become an important concern due to the increasing scale and
frequency of natural and technological disasters. Authoritative sources have issued guidance
about how communities can better prepare for and cope with disasters, including the White
House (2014), the National Research Council (NRC 2012), the Sandy Commission (NYS 2100
Commission, 2013), and The United Nations International Strategy for Disaster Reduction
(UNISDR 2005).

The challenge for communities that wish to improve their resilience is essentially an economic
dilemma. In the face of perennial budget pressures, how can they justify the investments required
to hire and train staff, provide public incentives, assess vulnerabilities, upgrade infrastructure,
protect ecosystems, establish early warning systems, and develop preparedness plans? Some
communities that are repeatedly afflicted by floods or tornadoes may be motivated to improve
their resilience, but for most city officials this presents a paradox—ypreparation for a disaster that
may never arrive. Indeed, this is a perpetual challenge of risk management: justifying
expenditures for hypothetical worst-case scenarios when there are a multitude of other real and
immediate priorities.

Common sense dictates that resilience expenditures should be made prudently by identifying
low-cost initiatives that will produce significant benefits—for example, by leveraging social
media to disseminate information during a disaster. In addition, communities should ensure that
their investments will help to realize other synergistic benefits, contributing to important goals
such as public safety and security, urban livability, and sustainability. The complexity of these
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choices demands a rigorous approach to estimation of economic benefits in the presence of
uncertainty. A systems approach is needed to characterize the interdependencies between a
community and the broader economic systems, ecosystems, and supply chains with which it is
coupled.

2. Limitations of Risk Management

The predominant paradigm that supports resilience thinking today is the classical risk
management approach, which involves a sequential, step-by-step process of risk identification,
risk assessment, and risk control (NRC 2009). While this process appears quite logical and
thorough, it is rooted in a simplistic, “reductionist” world-view. The focus is on discrete events
rather than gradual build-up of stresses. Each risk is identified and addressed independently, and
hidden interactions are seldom recognized. There are several important limitations to the risk
management paradigm:

e Risks cannot always be anticipated. A critical first step in risk management is risk or
hazard identification. However, many of the risks that communities face are hard to predict.
Rather than corresponding to discrete events, risks may result from cumulative changes, such
as rising sea level, that trigger a tipping point. The possibility of cascading consequences and
interdependence among risks requires a systemic rather than a reductionist approach.

e Risks may be hard to quantify. Even if risks can be identified, the lack of reliable statistical
data can make it difficult to quantify their magnitude. This is especially a challenge for low-
probability, high-consequence events. For example, human error or deliberate malfeasance is
a frequent cause of disruptions, but these initiating events are not easily modeled.

e Adaptation may be needed. When a disaster strikes, such as a hurricane or a terrorist attack,
our instinct is to overcome the shock, assist the victims, and return to a stable equilibrium as
soon as possible. Instead, communities should treat every disruption as a learning
opportunity, and strive to strengthen their resilience through structural investment, policy
reform, or process improvement based on root cause analysis and systems thinking.

The limitations of risk management have been recognized by the National Academy of Sciences,
which found that “risk-based methods are not adequate to address complex problems such as
climate change and loss of biodiversity, and more sophisticated tools are available that go
beyond risk management” (NRC 2011). While the established approaches of risk management
can be very useful for protecting against predictable risks such as fires or power failures, they are
not adequate for dealing effectively with the turbulence and complexity that characterize today’s
global risk landscape. The most damaging disruptions—as well as unexpected opportunities—
tend to result from extreme events that are difficult or impossible to anticipate, let alone quantify.

3. Resilience in Complex Systems

Long term stressors that lead to tipping points and abrupt changes are common features of
coupled social and ecological systems. As complex systems approach these tipping points, they
lose resilience and become more vulnerable to shocks. For example, gradual increases in nutrient
run-off from agricultural and industrial land uses can push nutrient stocks beyond a threshold
point and lead to abrupt emergence of harmful algal blooms in coastal and freshwater
ecosystems. Similarly, chronic overfishing and declining water quality have left coral reefs less
resilient to coral bleaching from ocean warming and acidification (Anthony et al. 2011). Social
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factors can also influence the resilience of complex systems. The 2004 Indian Ocean tsunami
revealed that many rural communities were extremely vulnerable not just because of their coastal
location, but also because of widespread poverty and lack of adequate infrastructure (Hughes et
al. 2005).

What makes an ecosystem, economy or community more or less resilient to a shock? A key
factor is “precariousness”—the proximity of the system to a tipping point. This is determined not
only by biophysical constraints, but also by technological factors; for example, improved eco-
efficiency can reduce dependence on natural capital stocks and facilitate resource conservation
(Fiksel et al. 2014). Indeed, innovations such as the “green revolution” in agriculture have kept
resource scarcity at bay for much of human history. This has inspired optimism among
economists and others that gains in resource productivity alone can allow us to achieve a
sustainable path (Weitzman 1999; Dobbs et al. 2012). However, efficiency can have unintended
consequences—such as “rebound effects” that actually increase resource demands due to lower
prices and new markets resulting from more efficient technologies.

Another key factor that influences resilience is the degree of interconnectedness among parts of
the system. The more interactions exist among people, organizations, communities, and the
environment, the more complex the system and the greater the chance of “reinforcing” feedback
loops that may accelerate or magnify changes in the system. For example, globalization of
industry has improved economic efficiency but has reduced the resilience of supply chains. A
disruption to a single key supplier can cascade into costly ripple effects that cause business
interruptions and impose significant costs on manufacturers and customers around the world, as
illustrated by the 2011 Tohoku earthquake-generated tsunami in Japan and flooding in Thailand
(Fiksel et al. 2015).

Resilience has been defined as the capacity of a system to remain in a given state, or “regime”
(Holling 1973, 1996). The greater the resilience of a system, the larger the shock it can absorb
without undergoing a regime shift, i.e., a switch to an alternate state. However, resilience may
also include deliberate transformation of a system by shifting to a preferred state (Walker et al.
2004). For present purposes we adopt a more general definition of system resilience (Fiksel,
2006):

Resilience is the capacity of a community (or any system) to survive, adapt, and
flourish in the face of turbulent change and uncertainty.

Resilience is clearly a prerequisite for long-term sustainability, which is concerned with trade-
offs between consuming society’s resources and capital stocks today and conserving these for
future generations. Sustainability and resilience are often mutually reinforcing, since conserving
stocks helps to maintain resilience to unexpected shocks that can push a vulnerable community
into crisis mode. At the same time, there are trade-offs between resilience and sustainability; for
example, rainwater harvesting is an appealing sustainability practice, but is vulnerable to
droughts. Similarly, adoption of “lean” business practices can improve efficiency and lower
costs, but also eliminates redundancies and can leave communities exposed to shortages of
critical supplies. Understanding the value of resilience is essential to help communities evaluate
the trade-offs between resource consumption and conservation and to develop policies that
support community well-being. This requires a systems view of how value is created for society,
including not only economic wealth but also non-monetary wealth in the form of social and
natural capital.
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4. Taking a Systems Approach

One approach that has proved useful for community decision-making is the Triple Value (3V)
framework, which has been applied by U.S. EPA to address coastal sustainability and resilience
in New England and other regions (Fiksel et al, 2014). As illustrated in Figure 1, the 3V
approach considers the resource flows, interdependencies, and feedback loops among economic
processes (e.g., agriculture, manufacturing), societal processes (e.g., education, governance), and
natural processes (e.g., cycling of carbon, water, and nitrogen). Economic and societal systems
are coupled by market transactions that mediate the flows of goods and services. Economic
growth generally correlates with increases in material throughput, population, and demand per
capita. This linkage between economy and society is a positive feedback loop, and without
external constraints it theoretically enables perpetual growth with increasing human prosperity.

However, the linkages of these systems with the environment represent a negative feedback
loop. Most developed societies are consuming ecosystem services faster than they can replenish
natural capital, which includes fresh water, soil, forests, coral reefs, and glaciers. Moreover, they
are generating large amounts of waste and emissions that degrade these very ecosystems. When
markets fail to account for economic externalities such as gradual degradation of soil and water
quality, the result is a loss of opportunity for future generations, known as an inter-temporal
market failure. Many resource economists argue that we can prevent such market failures by
replacing the traditional gross domestic product (GDP) indicator with more comprehensive
indicators such as inclusive wealth measures, which explicitly assign value to social and natural
capital.

The 3V conceptual framework is useful for understanding the sustainability and resilience of
community systems from an inclusive wealth perspective. Ideally, communities can achieve a
dynamic equilibrium in which the depletion of material and energy resources is offset through
investments in renewable natural capital stocks and other forms of community capital, including
social and human capital. This can be achieved by introducing positive feedback loops to offset
the depletion of natural resources. For example, the concept of a “circular economy” suggests
that wastes have residual value, and can be recovered and reused instead of being sent to a
landfill or released into the environment. On a broader scale, communities can invest in
ecosystem restoration, thereby protecting the remaining natural capital and offsetting its previous
degradation. However, sudden disruptions or gradual shifts can delay or derail progress toward
sustainability, and can destabilize the balanced operation of these systems, leading to economic
stagnation, social deprivation, and/or environmental degradation. Therefore it is important to
build resilience into these systems in order to alleviate stresses and limit the potential for
damaging shocks.

Examples of potential community shocks include natural disasters, infrastructure breakdowns
that threaten the availability of energy or other critical resources, and political upheavals due to
social unrest or governance failures. Urban communities are particularly vulnerable to sudden
disruptions caused by a confluence of these forces of change. For example, there is increasing
concern among policy-makers about potential cascading effects due to the “energy-water-food
nexus”—the interdependence among municipal infrastructures and the value chains that support
them. A potent example occurred in 2013, when Superstorm Sandy pounded the northeastern
U.S. coastline. The resultant flooding also caused widespread power failures in much of New
York City and New Jersey, and economic losses totaled about $70 billion.
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Figure 1. The Triple Value Framework for Inclusive Wealth

4.1 Cost-Benefit Analysis in Managerial Accounting

Cost-benefit analysis includes a very wide range of methods used to support decision-making.
Conventional financial tools such as discounted cash flow analysis or net present value are often
used to build a business case by comparing the capital investment and operating costs with the
expected flow of returns. However, taking a systems approach means that decision-makers must
go beyond conventional cost accounting methods to consider the broader costs and benefits
incurred either by a community and its stakeholders over a long time horizon.

Making a case for resilience investments is particularly challenging, since we can only speculate
about the types and severity of potential disruptions. If sufficient data are available, then
techniques such as risk analysis and simulation-based scenario modeling can be used to explore
the possibilities, but in the real world there will always be significant uncertainties. The best way
to justify expenditures on improving resilience is to identify measurable benefits that will be
realized even if no disruptions were to occur. For example, investing in alternative energy
sources such as solar or geothermal systems can lower the costs of energy supply while
improving process reliability (Evans and Fox-Penner, 2014).

Recognizing such synergies may require financial creativity, because conventional accounting
methods often fail to capture the full range of costs and benefits associated with resilience
improvements. For example, energy costs are often assigned to overhead accounts, and cannot
easily be traced to a particular business decision. To overcome this problem, many organizations
have adopted an approach called activity-based costing, also known as total cost assessment,
which involves identification and quantification of direct, indirect, and other costs across the life
cycle of a facility, product, or process. This is an extension of life cycle costing methods used in
the defense sector to manage large, multi-year weapon system programs where major costs are
associated with deployment, logistical support, and decommissioning. Similar techniques have
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been used in the computer and other industries to capture the total “cost of ownership” for
enterprise assets.

To understand the full scope of life cycle costs and benefits, it is helpful to divide them into the
following categories (McDaniel and Fiksel, 2000).

e Conventional: Material, labor, and other expenses and revenues that are commonly
allocated to a project (often called “direct” costs).

e Potentially Hidden: Costs (or benefits) to the community that are not typically linked
to a specific project, e.g., legal or insurance costs (often called “indirect” costs).

e Opportunity: Costs associated with opportunities that are foregone by not putting the
community’s resources to their highest value use, e.g., delay of urban renewal projects.

e Contingent: Potential liabilities or benefits that depend on the occurrence of future
events, e.g., potential disaster recovery costs related to an oil spill.

e Good Will: Costs (or benefits) related to the subjective perceptions of community
stakeholders, e.g., attractiveness to residents and businesses.

e External: Costs (or benefits) of a community’s impacts upon the environment and
society that do not directly accrue to the community, e.g., the global benefits of
reduced greenhouse gas emissions due to energy conservation.

For example, Veolia, the global environmental services company, applied these concepts to
develop a tool that measures the “true cost” of water (Veolia, 2014). The tool combines
traditional capital and operating costs with estimation of water risks and their financial
implications. It accounts for the direct costs of building and maintaining water infrastructures,
the indirect costs such as legal expenses, and unexpected financial burdens during the life of
these assets. These cost elements are organized in four categories: operational such as water
shortages; financial, such as commaodity price changes; regulatory, such as obligation to protect
ecological status; and reputational such as loss of brand value or social license to operate.

4.2 Methods for Valuing Resilience

Managerial accounting takes the perspective of a single organization, such as a city government,
but to understand financial trade-offs at a community level requires a broader view of public
well-being, based on the concept of inclusive wealth (Arrow et al. 2003). A variety of economic
valuation methods are available to approximate the non-monetary aspects of community
sustainability and resilience, including social and environmental costs and benefits. Recent work
on economics-based and biophysically-based analyses of ecosystem services has been helpful in
classifying these methods (TEEB 2010). As shown in Figure 2, economic valuation methods
quantify trade-offs in monetary terms based on measures of individual and societal preferences
that depend on human values and beliefs. However, traditional valuation approaches are largely
static and typically ignore the implications of physical thresholds and nonlinearities. In contrast,
non-economic biophysical approaches represent the physical consumption of energy and
materials and are useful for potentially identifying physical tipping points or limits, but ignore
the value implications of these physical changes in terms of societal costs and benefits.
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Figure 2. Integration of economic and biophysical methods for sustainability and resilience
assessment and valuation

More recent approaches to non-market valuation have been developed in an attempt to value
resilience. These approaches integrate economic and physical-based methods by relying on a
coupled model of the natural and human systems to represent physical limits and nonlinear
dynamics, as well as the implications of these dynamics for human well-being and trade-offs.
Developing a coupled natural-human systems model to describe the dynamics of the system is a
non-trivial, critical first step in this process. Given this, the model can be used to assess the
implications of a regime shift to a less desirable state—that arise when a threshold is crossed—
by quantifying the gains and losses in human welfare due to the current and future expected
changes in natural capital, and other forms of capital as well.

Maler (2008) argues that resilience is a “stock™ that protects the desired state of the system by
reducing the risk of undesirable changes that would result from a regime shift—and thus, that the
value of resilience is essentially an insurance value. For example, the resilience of a lake
ecosystem to persistent harmful algal blooms is a quantifiable stock that evolves over time and
depends on temperature, rainfall, land use, lake depth and nutrient levels. Like any resource or
capital stock, as the resilience of a system grows scarcer, it becomes more valuable. However,
like many ecosystem services, resilience is a public good—it is valuable to society, but its
market price is zero because it is largely external to the market. Therefore we cannot rely on
private markets to maintain resilience for public well-being.

How can public policy insure that optimal levels of resilience are maintained? This depends on
understanding the value that resilience provides. Maler and Li (2010) and Walker et al. (2010)
develop a capital-theoretic approach to valuing resilience based on the inclusive wealth
framework (Arrow et al. 2003). While this is not the only approach to valuing resilience and is
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still in an early stage of development, it is perhaps the most comprehensive and theoretically
consistent approach. Conceptually, it involves three steps:

(1) Quantify the resilience of the system over time with respect to a specific threshold

(2) Estimate the shadow price of the current stock of resilience, defined as the value of a
small change in the current stock of resilience

(3) Incorporate the value of the resilience stock into a measure of inclusive wealth that
includes the value of other capital stocks, including natural, social, or manufactured
capital stocks.

The last step enables assessment in monetary terms of the tradeoffs between resilience and other
stocks; for example, increased development of coastal areas may simultaneously increase land
value and resident wealth but may decrease community resilience to flooding. Given that
resilience is not directly observable, there are substantial challenges in operationalizing this
approach. The first challenge is quantifying the resilience of a system to a particular threshold or
tipping point. Doing so requires a model of the system dynamics, including the location of the
threshold boundary as a function of key state variables, initial conditions, and parameter values.

For example, Chen et al. (2009, 2012) developed a model of how urbanization degrades a lake
ecosystem, reducing the amenities that attract people to the region. They find that the system has
two possible regimes: a “sustainable” state, with a moderate level of population balanced with
some lake pollution, and an “undesirable” state with a very small population and a fully restored
ecology. The latter is the long-run steady state that results from too much human impact on the
lake, which causes the system to cross a threshold: the lake “flips” from a healthy to unhealthy
lake, causing outmigration of population from the region. To quantify resilience they use a phase
plot diagram that defines the distance of any current state of the system to this threshold, as a
function of both the level of pollution in the lake and the amount of urbanization in the
watershed.

A second challenge is to estimate the shadow price of the current stock of resilience. The
shadow price is the marginal social value of a small change in this stock of resilience and reflects
both the current and future marginal benefits and costs of the change expressed in present
discounted value terms. Intuitively, a small change in the current stock of resilience affects the
probability of a regime shift today and into the future and thus, the change in the probability of
crossing the threshold is a key component of the shadow price. The approach developed by
Maéler and Li (2010) quantifies the marginal benefit of each additional unit of resilience, which is
determined by calculating the difference in values between a “good” state and “bad” state,
weighted by the change in probability of the bad state occurring.

Walker et al. (2010) applied this approach to calculate the value of resilience in the Goulburn-
Broken Catchment (GBC) in Southeast Australia, an important agricultural region. Removal of
native vegetation has caused rising water tables and increased salinity, which reduces infiltration
and inhibits crop growth. They identify a threshold at a 2 m water table depth, and they measure
resilience of the system to a high saline regime by the distance from the water table to the 2 m
threshold. Historical data are used to estimate the probability of the system shifting from the non-
saline to the saline regime as a function of this distance, enabling them to quantify the
probability of entering the saline regime. They use the market price of agricultural land to
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translate this probability into value terms and then calculate the projected changes under a
“business as usual” scenario versus one in which the water table is more actively managed.

5. Conclusion

Despite the monumental challenges to quantifying and valuing resilience, accounting for the
value of resilience improvement is critical for making investment decisions that improve the
resilience and sustainability of a community. Although this approach is still in a nascent stage
and is not yet sufficiently developed as a practical tool that can support community decision
making, the above examples illustrate an approach for determining the levels of natural capital
stocks that are needed to ensure a desired level of resilience. Valuation of resilience can also be
used to assess the benefits of policies that increase incentives for resilience-enhancing activities,
particularly those that vary dynamically within systems, and the social costs of a loss in
resilience. More generally, this approach provides a standardized method for communicating the
value of resilience to decision makers and incorporating resilience thinking into long-term
planning.
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Community Resiliency and Planning for Natural Disasters:
A Framework for Understanding, Managing and Reducing Risk

Abstract

Individuals and communities often do not take steps prior to a disaster to undertake protective
measures because they are prone to systematic biases with respect to their perception of the
likelihood and outcomes from natural disaster when compared with expert risk assessments.
They also tend to focus on the short-term and utilize simplified decision rules in determining
whether to purchase insurance or invest in loss-reduction measures. Understanding how experts
assess the likelihood and consequences of disasters as well as how individuals perceive these
risks and make choices provide the ingredients for risk management strategies for communities
to become more resilient with respect to hazards they face. Modifications to the National Flood
Insurance Program (NFIP), such as risk-based premiums and vouchers coupled with loans for
flood mitigation measures could make individuals in flood-prone communities more resilient.

Keywords
Insurance, Resilience, Natural Disasters, Decision Making, National Flood Insurance Program,
Climate Change

1. Introduction

Hurricane Sandy caused an estimated $65 billion in economic losses to residences, business
owners, and infrastructure owners (Aon Benfield 2013). It is the second most costly natural
disaster in recent years in the United States, after Hurricane Katrina in 2005, but it is not an
outlier; economic and insured losses from devastating natural catastrophes in the United States
and worldwide are climbing.

According to Munich Re (2015), real-dollar economic losses from natural catastrophes increased
from $528 billion (1981 to 1990), to $1197 billion (1991 to 2000), to $1.23 billion (2001 to
2010). During the past 10 years, the losses were principally due to hurricanes and resulting storm
surge occurring in 2004, 2005, and 2008. Figure 1 depicts the evolution of the direct economic
losses and the insured portion from great natural disasters over the period 1980 to 2014.

Extreme events highlight the challenges policy makers face in encouraging residents in hazard-
prone areas to protect themselves against future disaster losses. A 1974 survey of more than
1000 California homeowners in earthquake-prone areas revealed that only 12 percent of the
respondents had adopted any protective measures. Fifteen years later, there was little change
despite the increased public awareness of the earthquake hazard. In a 1989 survey of 3500
homeowners in four California counties at risk from earthquakes, only 5 to 9 percent of the
respondents in these areas reported adopting any loss reduction measures (Palm et al. 1990).
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Figure 1. Overall and Insured Losses 1980 to 2014 (in US $ billion)

Residents in flood and hurricane-prone areas have demonstrated a similar reluctance to invest in
mitigation measures (Burby et al. 1988; Laska 1991). Even after the devastating 2004 and 2005
hurricane seasons, a large number of residents had still not invested in relatively inexpensive
loss-reduction measures with respect to their property, nor had they undertaken emergency
preparedness measures. A survey of 1100 adults living along the Atlantic and Gulf coasts
undertaken in May 2006 revealed that 83 percent of the responders had taken no steps to fortify
their home, 68 percent had no hurricane survival kit, and 60 percent had no family disaster plan
(Goodnough 2006).

A survey of nearly 800 residents in coastal counties during Hurricane Sandy in 2012 revealed
that only half of storm-shutter owners actually installed them to protect their windows before the
hurricane came—despite believing there was a high chance that their homes would experience
hurricane force winds. The most common reason was procrastination—when asked as the storm
was approaching the most common answer was that it was “too soon” —an answer repeated until
the storm was upon them (Meyer et al. 2014). This is an interesting example of mitigation
measures being purchased but not utilized.

Key decision makers who authorize development in hazard-prone areas after dams or levees are
built may unintentionally reinforce this behavior. There is compelling evidence that residents
who move into these areas feel completely safe, when in fact they are still at risk for catastrophes
should the dam or levee be breached or overtopped (Burby 2006). If a catastrophic disaster
occurs, the damage is likely to be considerably greater than would have occurred had the lower
but positive flood risk been correctly perceived. This behavior with its resulting consequences
has been termed the levee effect.?

Public officials also exacerbate the problem by not enforcing building codes and implementing
permissive zoning. A graphic example highlighting this point is the development of New Orleans

2 For more information on the levee effect, see Tobin (1995).
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following Hurricane Betsy in 1965 after the Corps of Engineers agreed to build massive
hurricane protection levees to surround New Orleans and nearby communities. The city planning
commission approved new subdivisions between 1967 and 1972 in areas that had been flooded
by Betsy (Colten and Giancario 2011).

This paper addresses the above problems by proposing a framework for making communities
more resilient to natural hazards. Resilience is defined as “the ability to prepare and plan for,
absorb, recover from, or more successfully adapt to actual or potential adverse events” (National
Research Council 2012).

The framework highlights the importance of undertaking a comprehensive risk identification and
assessment that communities face while at the same time recognizing the role of risk perception
with respect to extreme events such as natural disasters. By linking these two elements one can
develop a risk management plan that fosters community resilience. We then illustrate how the
framework could be applied in modifying the National Flood Insurance Program. The paper
concludes with a brief summary and suggestions for future studies.

2. Risk Identification and Assessment®

Identifying and assessing the risks communities face with respect to natural disasters involves
expert estimates of the following elements:

Likelihood of a disaster. What are the chances that the community will be affected by a natural
disaster? This estimate is a function of the probability of occurrence of the hazard event in the
area as well as the chances that a disaster in a more distant place will impact the residents and
businesses in the community.

Exposure of the community’s assets. This refers to the composition of the residents, property
and infrastructure in those parts of the community subject to damage from natural hazards.

Community vulnerability. The potential for harm from a disaster encompasses physical assets
(building design and strength), social capital (community structure, trust, and family networks)
and political access (ability to obtain assistance from the government following a disaster).
Vulnerability also refers to how sensitive a population may be to a hazard or to disruptions
caused by the hazard. The social structure of the community, as well as socio-economic
characteristics of the population, such as age, income and education are likely to affect the ability
of these populations to be resilient to disasters (National Research Council 2006; Cutter et al.
2003, 2008).

Consequences of a disaster. Losses from disasters are measured by their direct impacts (e.g.,
damage to property and infrastructure) as well as indirect effects (e.g., business interruption,
evacuation of victims) due to local or interdependent damage to utilities, bridges and roads,
contamination of the water supply, etc. The losses also include immediate and long-term
environmental damage, loss of human lives, injuries and health effects as well as social/family
and psychological impacts that affect the long-term well-being of the area (Heinz Center 2000).
Consequences may also extend far beyond the area immediately affected by the hazard. For

® The material in this subsection is drawn from National Research Council (2012).
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example, cascading impacts on a supply chain may have a national or global effect due to
interdependencies as illustrated by the inability of the auto industry in the U.S. to get key parts
sourced from Japan following the 2011 Fukushima earthquake.

Impact of climate change. One also needs to take into account the impact that changing climate
patterns might have on future flood-related damage due to potential sea level rise and more
intense hurricanes. There is evidence that federal agencies and other bodies have underestimated
the risks of damage from extreme weather events due to climate change (Repetto and Easton
2012). Hurricane Sandy has stimulated studies on ways that communities can be more prepared
for future disaster damage as well as highlighting the need for a suite of policy tools including
insurance to address the climate change problem.*

Uncertainty of risk estimates. When identifying and assessing the risk, it is important to
highlight the degree of confidence experts have with respect to the likelihood and consequences
of a particular disaster. Communities can then make decisions as to the robustness of investing in
protective measures given the uncertainties associated with estimates of the risk. For example, if
homeowners are considering elevating their homes, they will want to consider the likelihood of
sea level rise of different magnitudes in the coming years and the resulting potential damage to
their homes from future hurricanes and storm surge.

3. Risk Perception

Intuitive and deliberative thinking. A large body of cognitive psychology and behavioral
decision research conducted during the past 30 years has revealed that individuals, small groups
and organizations often make decisions under risk and uncertainty by undertaking processes that
combine intuitive thinking with deliberative thinking. In his thought provoking book Thinking,
Fast and Slow (2011) Nobel Laureate Daniel Kahneman has characterized the differences
between these two modes of thinking. Intuitive Thinking (System 1) operates automatically and
quickly, with little or no effort and no voluntary control.

Many of the biases and simplified decision rules that characterize human judgment and choice
under uncertainty reflect automatic, emotional, nonanalytic thinking. In this regard, risk is often
treated as a feeling rather than as a statistical concept (Loewenstein et al. 2001). In contrast,
Deliberative Thinking (System 2) allocates attention to effortful and time-consuming activities,
such as probability estimation, undertaking trade-offs implicit in benefit-cost analysis and
examining relevant interdependencies and connectedness.

While intuitive perceptions of risk are relatively accurate over a broad range of situations, they
can lead to systematic deviations from expert assessments, for low-probability, high-
consequence (LP-HC) events such as natural hazards. Perceptions for these events are often
guided by emotional reactions that lead to systematic biases or simple rules of thumb that have
been acquired by personal experience.

Failure to purchase insurance until it is too late. One such bias is the availability heuristic
where the judged likelihood of an event depends on its salience and memorability (Tversky and

* See, New York City (2013); New York City Panel on Climate Change (2015); and U.S. National
Climate Assessment (2014).
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Kahneman 1973). There is thus a tendency to ignore rare risks until after a catastrophic event
occurs. This is a principal reason why it is common for individuals to purchase insurance
following a large-scale disaster rather than in an anticipation of a disaster, and for them to cancel
their policies several years later if they have not suffered another loss.

A prime example of this behavior is the decision on whether to purchase flood insurance. A
study of the risk perception of homeowners in New York City revealed that they underestimated
the likelihood of water damage from hurricanes, which may explain why only 20 percent of
those who suffered damage from Hurricane Sandy purchased flood insurance before the storm
occurred (Botzen et al. 2014). An in-depth analysis of the entire portfolio of the National Flood
Insurance Program revealed that the median tenure of flood insurance was between two and four
years while the average length of time in a residence was seven years, indicating that a
significant number of homeowners canceled their policies after several years (Michel-Kerjan et
al, 2012).

A major reason that individuals cancel their policies is that they view insurance as an investment
rather than a protective activity. When they don’t make a claim for a few years they perceive
their premiums as having been wasted. It is extremely difficult to convince individuals that the
best return on an insurance policy is no return at all. A normative model of choice, such as
expected utility theory, implies that risk averse consumers should value insurance as it protects
them against large losses relative to their wealth. After purchasing insurance they should
celebrate not having suffered a loss over a period of time rather than canceling their policy.

Lack of interest in loss reduction measures. There is also considerable empirical evidence
indicating that residents in hazard-prone communities fail to invest in cost-effective loss
reduction measures. When asked why they haven’t undertaken protective measures that could
reduce future disaster losses, individuals often respond by saying that “I live from pay day to pay
day.” This decision is reinforced by focusing on the upfront costs of risk reduction measures
relative to the delayed benefits of the reduction of damage from floods that might occur in the
future (Loewenstein and Prelec 1992; Laibson 1997).

Even before making this trade-off, individuals residing in harm’s way may decide not to
undertake mitigation measures if the likelihood of the disaster is below their threshold level of
concern. In a laboratory experiment on purchasing insurance, many individuals bid zero for
insurance coverage against low-probability events, apparently viewing the probability of a loss
as so small that they were not interested in protecting themselves against it (McClelland et al.
1993). If individuals underestimate the likelihood of a disaster occurring, as was the case with
respect to residents in NYC even after a future disaster, this will reinforce the lack of interest in
undertaking protective measures until it is too late.

4. Risk Management Strategies

Risk management strategies that promise to enable communities to be more resilient with respect
to natural disasters should be guided by expert risk assessments as well as the risk perceptions of
those residing in hazard-prone areas. The strategies proposed in this section are designed so that
the affected individuals and the community will pay attention to the risks they face while at the

33



same time providing short-term economic incentives to encourage the investment in long-term
protective measures.

Reframing probabilities. By presenting information on the likelihood of an LP-HC event
occurring so that the risks are more transparent, key interested parties are likely to recognize the
importance of undertaking protective measures now to reduce their losses from the next disaster.
This is an example of what has been termed choice architecture.” For example, the likelihood of
an event is more likely to be considered when making protective decisions if it is presented using
a longer time frame. A homeowner or manager is likely to take the risk seriously if told that the
chance of occurrence of at least one flood with an annual probability of 1 in 100 occurring over a
25 year period is greater than 1 in 5 (Weinstein et al. 1996).

Property improvement loans and multi-year insurance. To reduce the tendency of individuals
to not invest in protective measures because of the high upfront costs, long-term loans could be
made available so the expenses are spread over a longer time horizon. Consider a property owner
who would have to pay $1500 to reinforce his roof to reduce wind damage by $30 000 from a
future hurricane that has an annual probability of occurrence of 1 in 100. If insurers charged
risk-based premiums, the mitigation measure would reduce the annual price of insurance by $300
(i.e., 1/100 x $30 000).

The insurance premium itself can act as a powerful signal as to the likelihood of a loss in the face
of individuals’ attempts to ignore the risk. Insurance also has the potential to encourage
investment in loss reduction measures if homeowners can receive premium reductions based on
investment in such measures, reflecting expected reduced claims following a disaster
(Kunreuther, Pauly and McMorrow 2013).

Many property owners might still be reluctant to incur the $1500 expenditure because of the
relatively high upfront cost and their concern that they would get only $300 back next year in
lower insurance premiums. Given budget constraints and individuals’ focus on short time
horizons, it is difficult to convince these decision-makers that the expected discounted benefits of
the investment over the expected life of the property exceeds the immediate upfront cost. The
problems are compounded if homeowners underestimate their risk and perceive it to be below
their threshold level of concern (Kunreuther, Meyer and Michel-Kerjan 2013). A 20-year $1500
loan would solve these problems. Even with a high annual interest rate of 10 percent with yearly
loan payments of $168, the savings to the homeowner each year would be $132 ($300- $168 =
$132) in addition to the resulting mortgage interest tax-deductible amount.

As a complement to property improvement loans, insurers could consider designing multiyear
insurance (MY]1) contracts of three to five years. The insurance policy would be tied to the
building rather than the property owner, and carry an annual premium reflecting risk that would
remain stable over the length of the contract. Property owners who cancel the policy early would
incur a penalty cost in the same way that those who refinance a mortgage have to pay a
cancellation cost to the bank issuing the mortgage. With an MY contract, insurers would have

® For more details on the use of choice architecture for framing problems see, Thaler and Sunstein (2008) and
Johnson et al. (2012)
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an incentive to inspect the property over time to make sure that building codes are enforced,
something they would be less likely to do with annual contracts.

Public-private partnerships. If insurance premiums were based on risk, then the public sector
would need to assist those in hazard-prone areas who cannot afford coverage to address issues of
equity and affordability. One option would be to provide means-tested vouchers. The amount of
the voucher could be based on current income and determined by a specific set of criteria so as to
make insurance affordable for those in need (National Research Council 2015). If the property
owner were offered a multiyear loan to invest in mitigation measure(s), the voucher could cover
not only a portion of the resulting risk-based insurance premium, but also the annual loan cost to
make the package affordable. As a condition for the vo