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About the National Institute of Building Sciences

The National Institute of Building Sciences (Institute), authorized by public law 93-383 in 1974, is a nonprofit, nongovern-
mental organization that brings together representatives of government, the professions, industry, labor and consumer inter-
ests to identify and resolve building process and facility performance problems. The Institute serves as an authoritative source
of advice for both the private and public sectors with respect to the use of building science and technology.

About the Multihazard Mitigation Council

The Multihazard Mitigation Council (MMC) serves as a focal point of credible information to inform decision-making to
overcome a number of real-world barriers to implementing disaster resilience and mitigation measures in the United States.
The MMC promotes collaboration among homeowners, commercial and industrial property owners, researchers, finance and
insurance representatives, the public sector, and many others to achieve resilience objectives.

For further information on the Institute and MMC activities and products, see the Council’s webpage (www.nibs.org/mmc) or
contact the Multihazard Mitigation Council, National Institute of Building Sciences, 1090 Vermont, Avenue, N.W., Suite 700,
Washington, D.C. 20005; phone 202-289-7800; fax 202-289-1092.



Foreword

More than a decade ago, the National Institute of Building Sciences released a study, Natural
Hazard Mitigation Saves: An Independent Study to Assess the Future Savings from Mitigation
Activities, which found society saves $4 for every $1 spent on mitigation by the Federal
Emergency Management Agency.

In the years since, the United States has experienced some of the most devastating disasters in
the country’s history. Just four of the major disasters that have occurred in 2017—Hurricanes
Harvey, Irma, and Maria, and the extensive wildfires in California—will likely represent some of
the highest collective losses from natural disasters in any year since the founding of the nation.
Future disasters are inevitable, yet their growing frequency and magnitude of destruction are
substantially exacerbated by the decisions Americans make in where and how they build. The
populations of cities and communities continue to grow in hazard-prone areas. Unless something
is done to change the course of destruction, future events will affect more lives, businesses, and
the U.S. economy as a whole.

Despite the widely publicized impacts of disasters such as Hurricanes Katrina and Sandy, the
funding for mitigation has declined over the years, even if the risks clearly have not. Just as
financial advisors tell anyone planning their financial future (whether preparing for their kids’
college education, buying a house, or saving for retirement) to start saving long in advance, we
as a nation must also prepare and plan for future events. U.S. communities and individuals need
to be ready for potential hazardous events that, though they might not arrive until long into the
future, will be all too real when they strike, and have the potential to impact lives for months and
possibly years.

Pre-disaster mitigation—preparing in advance for future disasters—better assures that hazardous
events will have short-lived and more manageable outcomes. Mitigation saves lives, preserves
homes and belongings, reduces the need for temporary shelter; helps economies to spring back
faster, and lowers recovery costs. At the same time, investing in mitigation invigorates the
economy through increased construction—whether the funding comes through federal or state
programs, or through privately financed retrofits and new construction.

Building on the goals of the 2005 Mitigation Saves study, this report, Natural Hazard Mitigation
Saves: 2017 Interim Report, shares the results from the first of a multi-year project. The purpose
of this new study is to help decision-makers to build a mitigation strategy so they can protect
lives, property, and assets. The findings are intended to inform future code changes to make
communities more resilient, help jurisdictions make decisions on what codes to adopt and
enforce, and assist policymakers in developing effective federal programs that support pre-
disaster mitigation. This report and the underlying study represent the work of an expert project
team, which was vetted by an equally qualified oversight committee and received feedback from
building industry stakeholders and federal government reviewers, all of which are acknowledged
at the end of the report.
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We thank the key stakeholder organizations identified on the title page that have provided
financial support for this first round of results. However, additional work is needed to assess a
broad suite of mitigation strategies. We hope you will consider supporting this project moving
forward.

The National Institute of Building Sciences encourages the president; members of the U.S.
Congress and state legislatures; leaders of federal and state agencies; and community leaders to
review this report and use the results when making decisions to develop more-resilient
communities that can withstand the disasters that will inevitably come. The Institute also
encourages members of the building industry to consider this document when developing future
codes and standards to help make commercial and residential buildings more resilient in disaster-
prone regions of the United States.

I am proud to present this 2017 Interim Report, and look forward to sharing the final product in
the months to come.

Sincerely,

/J@G%“

Henry L. Green, Hon. AIA
President
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Natural Hazard Mitigation Saves:
2017 Interim Report

Summary of Findings

Federal Mitigation Grants Save $6 per $1 Spent,
Exceeding Codes Saves $4 per $1 Spent

Natural hazards present significant risks to many communities across the United States. Fortunately,
there are measures governments, building owners, developers, tenants, and others can take to reduce the
impacts of such events. These measures—commonly called mitigation—can result in significant savings
in terms of safety, and preventing property loss and disruption of day-to-day life.

Given the rising frequency of disaster events and the increasing cost of disaster recovery across the
nation, mitigation actions are crucial for saving money, property, and, most importantly, lives. Activities
designed to reduce disaster losses also may spur job growth and other forms of economic development.

Mitigation represents a sound financial investment. This Interim Study examined two sets of mitigation
strategies and found that society saves $6 for every $1 spent through mitigation grants funded through
select federal agencies and a corresponding benefit-cost ratio (BCR) of 4:1 for investments to exceed
select provisions of the 2015 model building codes.

Just implementing these two sets of mitigation strategies would prevent 600 deaths, 1 million nonfatal

injuries, and 4,000 cases of post-traumatic stress disorder (PTSD) in the long term. In addition, design-
ing new buildings to exceed the 2015 International Building Code (IBC) and International Residential
Code (IRC), the model building codes developed by the International Code Council (also known as the
I-Codes) would result in 87,000 new, long-term jobs, and an approximate 1% increase in utilization of
domestically produced construction material.’

National Benefit-Cost Ratio Per Peril Federally Beyond Code
*BCR numbers in this study have been rounded Funded Requirements

Overall Hazard Benefit-Cost Ratio 6 : 1 4: 1

Riverine Flood

Hurricane Surge

Wind

Earthquake

Wildland-Urban Interface Fire

Table 1. Benefit-Cost Ratio by Hazard and Mitigation Measure.

"Higher construction costs might also cost jobs if they make new homes less affordable, unless the higher cost of
homes is offset by incentives as described in the section, “Incentivization Can Facilitate Ideal Levels of Investment.”
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The Interim Study examined four specific natural hazards: riverine and coastal flooding, hurricanes,
earthquakes, and fires at the wildland-urban interface (WUI). The national-level benefit-cost ratios
(BCRs) aggregate the study findings across these natural hazards and across state and local BCRs. Table
1 provides BCRs for each natural hazard the project team examined.

This work quantifies many, but not all, of the important benefits of mitigation. Mitigation activities save
more than what is estimated in this report. Disasters disconnect people from friends, schools, work,

and familiar places. They ruin family photos and heirlooms and alter relationships. Large disasters

may cause permanent harm to one’s culture and way of life, and greatly impact the most socially and
financially marginal people. Disasters may have long-term consequences to the health and collective
well-being of those effected. Such events often hurt or kill pets and destroy natural ecosystems that are
integral parts of communities. Disasters clearly disrupt populations in ways that are difficult to articulate,
let alone assign monetary worth.

This Interim Study updates and expands a 2005 study conducted by the National Institute of Building
Sciences (Institute) Multihazard Mitigation Council (MMC), at the direction of the U.S. Congress,
entitled Natural Hazard Mitigation Saves: An Independent Study to Assess the Future Savings from
Mitigation Activities (the 2005 study), which found, among other things, that every $1 of natural hazard
mitigation funded by the Federal Emergency Management Agency (FEMA) between 1993 and 2003
saved the American people an average of $4 in avoided future losses.?

The 2017 Study provides an updated examination of the benefits of federal agency grant programs. It
utilizes a more-realistic economic life span for buildings (75 versus 50 years) and takes advantage of

a more-advanced Hazus-MH flood model and improvements in FEMA’s Benefit-Cost Analysis Tool,
which, among other things, allows quantification of the benefit associated with enhanced service to the
community provided by fire stations, hospitals, and other public-sector facilities. The 2005 study did

not estimate the economic costs associated with PTSD. The 2005 study also did not calculate avoided
insurance administrative costs, overhead, and profit, the reduction of which can add significant benefit in
some situations. The ability to estimate urban search and rescue costs is introduced here.

Mitigation Strategies Studied

The Institute’s MMC undertook a study to update and expand upon the findings of its 2005 Mitigation
Saves study on the value of mitigation. The 2017 Interim Study analyzes two sets of mitigation
strategijes:

Federal grants: The impacts of 23 years of federal mitigation grants provided by FEMA, the Economic
Development Administration (EDA), and Department of Housing and Urban Development (HUD),
resulting in a national benefit of $6 for every $1 invested.

Beyond code requirements: The costs and benefits of designing all new construction to exceed select
provisions in the 2015 International Building Code (IBC) and the 2015 International Residential Code
(IRC) and the implementation of the 2015 International Wildland-Urban Interface Code (IWUIC). This
resulted in a national benefit of $4 for every $1 invested.

*National Institute of Building Sciences. Natural Hazard Mitigation Saves: An Independent Study to Assess the Future
Savings from Mitigation Activities (2005). http://www.nibs.org/mmc_projects#nhms
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BCRs in Greater Depth

The Interim Study examines the savings (benefit) associated with an identified level of investment (cost).
The ratio of the former to the latter is the BCR, which is one of many measures that decision-makers

can use to judge the desirability of an investment. Here, “cost” means the up-front construction cost

and long-term maintenance costs to improve existing facilities or the additional up-front cost to build
new ones better. “Benefit” refers to the present value of the reduction in future losses that mitigation
provides. For the results presented in this report, a discount rate of 2.2% is used. At higher discount rates
(including those used by the Office of Management and Budget), such measures remain cost-effective.?

The 2017 Interim Study includes the benefits associated with avoided cases of PTSD. The project team
considered the cost of mental health impacts similarly to costs related to injuries as a whole; that is, as
an acceptable cost to avoid a future statistical injury, as opposed to the expense associated with a partic-
ular injury. The costs consider direct treatment costs where treatment is about 10% of the overall costs
of the incidence, and the other costs include things like lost wages, lost household productivity, and pain
and suffering. Because few benefit cost analyses (BCAs) even attempt to include these costs, the addi-
tion of acceptable costs to avoid a statistical instance of PTSD is a conservative but innovative addition
to the 2017 Mitigation Saves study.*

3Consult Section 2.9 in the full report for an in-depth discussion on discount rates.
See Sections 3.7 and 4.17 of the Technical Documentation for an in-depth discussion on the calculation of PTSD.
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Figure 1 shows the overall ratio of costs to benefits for identified federal agency mitigation programs.
Figure 2 shows the overall ratio of benefits to costs of designing new buildings to exceed the select
[-Code requirements that the project team studied. The costs reflect only the added cost relative to the
2015 IBC and IRC. Where communities have an older code or no code in place, additional costs and
benefits will accrue.

Figures 1 and 2 show that benefits extend beyond the property lines of the mitigated buildings and the
lives of occupants. Mitigation frees up resources that would otherwise be spent on insurance claims and
administrative fees. Mitigation helps to assure critical post-disaster services to the community (e.g., fire
stations and hospitals). Benefits and costs are rounded to no more than two significant figures to reduce
the appearance of excessive accuracy.

Benefit: $157.9 billion
43% — Casualties & PTSD: $68.1
37% — Property: $58.1

8% — Additional living expenses & 43%
direct business interruption: $12.9

7% — Insurance: $10.5

4% — Indirect business interruption: $6.3
1% — Loss of service: $2.0
1%

billions 2016 USD

3% 8%
$27.4 billion

Figure 1. Total costs and benefits of 23 years of federal mitigation grants.

Benefit: $15.5 billion
43% — Property: $6.7

22% — Additional living expenses & 43%
direct business interruption: $3.5

13% — Casualties & PTSD: $2.0

12% — Indirect business interruption: $1.8
10% — Insurance: $1.5

billions 2016 USD

$3.6 billion

Figure 2. Total costs and benefits of new design to exceed 2015 |-Code requirements.
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Tables 2 and 3 provide details on the costs and benefits. The costs would be experienced mostly at the

time of construction.

Table 2. Costs and benefits associated with 23 years of federal grants (in $ billions).

Table 3. Costs and benefits associated with constructing new buildings

Mitigation Category

Riverine Flood

Wind

Earthquake

Wildland-Urban Interface Fire

Total for federal grants

Cost
$11.51
$13.60

$2.20
$0.06
$27.40

Benefit
$82.00
$70.00
$5.70
$0.17
$157.90

BCR

71
5:1
3:1
31
6:1

Mitigation Category

Riverine Flood

Hurricane Surge

Hurricane Wind

Earthquake

Wildland-Urban Interface Fire

Total for select measures to
exceed I-Code requirements

Cost

$0.91
$0.01
$0.72
$1.20
$0.80

$3.60

Benefit

$4.30
$0.05
$3.80
$4.30
$3.00

$15.50

BCR
5:1
71
51
4:1
4:1

4:1

in one year to exceed 2015 |-Code requirements (in $ billions).
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Mitigation Benefits at the State and Local Level

Just as the vulnerability to specific natural hazards varies geographically, so too does the BCR for
specific mitigation measures to resist those natural hazards. Figures 3 through 7 identify the state- or
county-specific BCRs for designing to exceed select [-Code requirements. Considering the past 23 years
of federally-funded mitigation grants, every state in the contiguous United States is estimated to realize
at least $10 million in benefits, with the majority of states exceeding $1 billion in benefits. Four states:
Louisiana, New Jersey, New York, and Texas, will save at least $10 billion (Figure 7).

Figure 3. BCR of coastal flooding mitigation by elevating
new homes above 2015 IRC requirements (by state).
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Figure 4. BCR of hurricane wind mitigation by building new homes
under the FORTIFIED Home Hurricane Program (by wind band).

Figure 5. BCR of earthquake mitigation by increasing
strength and stiffness in new buildings (by county).
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Figure 6. BCR of WUI fire mitigation by implementing the 2015 IWUIC for new buildings (by county).

Benefit ($M)

|| 10-100
|| 100-1,000

B 1,000-10,000
I 10.000-100,000

Figure 7. Aggregate benefit by state from federal grants for flood, wind, earthquake, and fire mitigation.
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Building on the 2005 Mitigation Saves Study

In recent years, with the growing interest in the concept of resilience and the rising costs of disaster
recovery, the MMC and industry stakeholders contemplated updating and expanding the 2005 study to
address hazard-mitigation investments made by additional federal agencies, examine fire at the wild-
land-urban interface, and examine mitigation measures undertaken by the private sector.

In 2017, the Institute, through a team of researchers, began a new, multi-year effort to develop an
updated and expanded look at the benefits of hazard mitigation. This 2017 Interim Report includes

the results from the study of two sets of mitigation measures. This Summary of Findings is the first of
multiple documents that will ultimately examine the value of many kinds of natural hazard mitigation at
the national level. The mitigation measures discussed are described in detail in the Technical Documen-
tation.

Mitigation Measures Studied

The 2017 Interim Study uses the same independent, transparent, peer-reviewed methods from the 2005
study. Where practical, the 2017 study advances the prior work utilizing newer or more effective tech-
niques.

The federal agency strategies

consider 23 years of public-sector This Interim Study quantified a number of benefits from
mitigation of buildings funded mitigation, including reductions in:

through FEMA programs, including
the Flood Mitigation Assistance
Grant Program (FMA), Hazard
Mitigation Grant Program (HMGP),

e Future deaths, nonfatal injuries, and PTSD.

e Repair costs for damaged buildings and contents.

Public Assistance Program (PA), * Sheltering costs for displaced households.

and Pre-Disaster Mitigation Grant

Program (PDM), as well as the e Loss of revenue and other business-interruption costs to
HUD Community Development businesses whose property is damaged.

Block Grant Program (CDBG)

and several programs of the EDA.
Barring identification of additional
federal data sets or sources of federal
mitigation grant and loan funding,

* Loss of economic activity in the broader community.

e Loss of service to the community when fire stations,
hospitals, and other public buildings are damaged.

these analyses represent essentially * Insurance costs other than insurance claims.
a comprehensive picture of such
mitigation measures. In the future, * Costs for urban search and rescue.

the project team might also look

at mitigation measures directly

implemented by federal agencies.® Results represent an enhanced and updated analysis of the mitigation
measures covered in the 2005 study.

SSuch measures include U.S. Army Corp of Engineers levees and other water management programs; National Oceanic and
Atmospheric Administration early warning systems for weather; and U.S. Department of Agriculture (USDA) Forest Service
prescribed burns.
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Public-sector mitigation strategies include:

« For flood resistance, acquire or demolish flood-prone buildings, especially single-family homes, manu-
factured homes, and 2- to 4-family dwellings.

« For wind resistance, add hurricane shutters, tornado safe rooms, and other common measures.

« For earthquake resistance, strengthen various structural and nonstructural components.

« For fire resistance, replace roofs, manage vegetation to reduce fuels, and replace wooden water tanks.

The project team considered the benefits that would result if all new buildings built in one year were
designed to exceed select I-Code requirements where it is cost-effective to do so. If accomplished, the
benefits would be that much greater, in proportion to this quantity of new buildings. The stringency of
codes adopted at the state and local level varies widely. To set a consistent starting point, the project
team used the unamended 2015 IBC and IRC as the baseline minimum codes for this study. While mini-
mum codes provide a significant level of safety, society can save more by designing some new buildings
to exceed minimum requirements of the 2015 IBC and IRC and to comply with the 2015 IWUIC in
others. Strategies to exceed minimum requirements of the 2015 I-Codes studied here include:

« For flood resistance (to address riverine flooding and hurricane surge), build new homes higher than
required by the 2015 IBC.

« For resistance to hurricane winds, build new homes to comply with the Insurance Institute for Busi-
ness & Home Safety (IBHS) FORTIFIED Home Hurricane standards.

« For resistance to earthquakes, build new buildings stronger and stiffer than required by the 2015 IBC.

« For fire resistance in the wildland-urban interface, build new buildings to comply with the 2015
IWUIC.

Multiple Stakeholders Benefit from Above-Code Design

Designing new buildings in some places to exceed select 2015 IBC and IRC requirements, and design-
ing new buildings in parts of the WUI to better resist fire, affects various stakeholder groups differently.
The project team considered how each of five stakeholder groups bears the costs and enjoys the benefits
of mitigation for the four natural hazards under consideration. Stakeholders include:

» Developers: Corporations that invest in and build new buildings, and usually sell the new buildings
once they are completed, owning them only for months or a few years.

 Title holders: People or corporations, who own existing buildings, generally buying them from
developers or from prior owners.

» Lenders: People or corporations that lend a title holder the money to buy a building. Loans are typi-
cally secured by the property, meaning that if the title holder defaults on loan payments, the lender
can take ownership.

» Tenants: People or corporations, who occupy the building, whether they own it or not. This study
uses the term “tenant” loosely, and includes visitors.

« Community: People, corporations, local government, emergency service providers, and everyone
else associated with the building or who does business with the tenants.

When one subtracts the costs each group bears from the benefits it enjoys, the difference—called the net
benefit—is positive in each category. Figure 8 reflects long-term averages to broad groups, so it only
speaks to the group as a whole, on average, rather than to the experience of each individual member of
the group.
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Figure 8. Stakeholder net benefits resulting from one year of constructing all new buildings
to exceed select 2015 IBC and IRC requirements or to comply with 2015 IWUIC.

Additional Mitigation Measures

The mitigation measures analyzed by the project team represent only some of the measures that
could ultimately be applied to address the natural hazards studied. Recognizing the current limited
applicability of the data provided, the project team identified additional mitigation measures to be
studied. Some will be evaluated in 2018, while others have been identified but their analysis remains
unfunded.

Because some jurisdictions have no codes or older codes in place, many buildings within their
communities have limited protection from natural hazards. When considering whether to adopt a code,
communities often struggle with assessing the costs and benefits of the updated code in relation to their
existing regulations. To assist such an evaluation, in its next steps, the project team will calculate the
BCR associated with the adoption of the 2015 building code.

Existing buildings represent the vast majority of the building stock in the United States. While codes are
generally applicable to new construction and to major renovations, some mitigation measures might be
cost-effective for existing buildings that are not otherwise part of a major renovation. The project team
will research the BCRs for various measures that can improve the resilience of existing buildings to the
identified perils.

Non-building infrastructure, such as water-supply systems, are essential to the functioning of any
community. As with buildings, mitigation measures can be applied to individual pieces of such
infrastructure to minimize the potential damage caused by natural hazards. Over the coming months,
the project team will examine water and energy infrastructure, and, to some extent, transportation and
communications systems as well.

Natural Hazard Mitigation Saves: 2017 Interim Report 11



Benefits Accrue Across a Spectrum of Design Options

The selected options to exceed I-Code requirements for flood, wind, and earthquake offer a range of
design levels. The project team analyzed these ranges, which include different elevations above base
flood elevation (BFE), different IBHS FORTIFIED Home Hurricane design levels (Silver, Bronze, and
Gold), and different strength and stiffness factor I_ for seismic design. The project team identified the
point on a geographic and mathematical basis where the last incremental improvement in the design
cost-effectively captures the last incremental benefit, here called the incrementally efficient maximum or
IEMax. In all cases, significant benefits can be achieved cost-effectively at various levels of design up

to this identified point, meaning that one can enjoy cost-effective improvement without designing all the
way up to the IEMax. The ideal level of mitigation for a specific project will vary. The benefits and costs
of mitigation measures at the project level should be evaluated based on the specific characteristics of
the project and the needs of the owner and users. This study does not address project-level conditions or
the decision-making required at an individual project level.

Table 4 provides BCRs at the state level that correspond to a range of elevations above BFE. Figures
9 and 10 illustrate the two the IBHS FORTIFIED Home Hurricane and High Wind programs, and the
range of strength and stiffness factors in earthquake-prone areas that result in cost-effective design.

First Floor Height

State above BFE up to IEMax BCR
Texas +21t08 20.2t09.1
Louisiana +210 10 11.3t0 4.8
Mississippi +2 10 10 27.6t010.1
Alabama +2 10 10 31.1t0o11.7
Florida +210 10 21.1t08.4
Georgia +2106 6.7t03.8
South Carolina +210 10 11.8t0 5.0
North Carolina +2 10 10 12.6t0 5.2
Virginia +2t06 6.710 3.8
Delaware +21t06 6.7 t0 3.8
Maryland +21t06 6.7t03.8
New Jersey +2106 6.7t03.8
New York +2t06 6.7t0 3.8
Connecticut +21t06 6.7 t0 3.8
Rhode Island +2t06 6.7 t0 3.8
Massachusetts +21t06 6.9t0 3.9
Total 16.9t07

Table 4. BCRs for various heights above BFE for new coastal V-zone buildings.
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Figure 9. Maximum level of the IBHS FORTIFIED Home Hurricane design
for new construction where the incremental benefit remains cost-effective.
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Figure 10. Maximum strength and stiffness factor | to exceed 2015 IBC and IRC
seismic design requirements where the incremental benefit remains cost-effective.
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Utilizing the Best Available Science

To provide meaningful results within a reasonable timeframe and budget, the project team identified and
used the best available, yet practical, science. For example, to estimate how earthquakes damage build-
ings, the project team used a 20-year-old method of structural analysis. Despite the existence of newer
tools, this older approach was the only practical way to account for the enormous variety of building
types, heights, occupancy classes, and design requirements that have to be considered.

Focusing on single mitigation strategies provides a means for understanding mitigation options, but
does not capture the nuances of individual buildings and the hazards they may face. The Interim Report
examines the overall average cost-effectiveness of mitigating broad classes of buildings, but does not
address unique features of individual buildings. The details of a particular building can make a big
difference in the cost-effectiveness of mitigation. Elevating buildings reduces the chance that they will
be flooded; however, people can still be stranded in elevated buildings. Designing new buildings to be
stronger and stiffer in resisting earthquake loads reduces structural damage but can increase the damage
to acceleration-sensitive components such as furniture and other contents, unless one also takes care to
properly install or secure those components, such as by strapping tall furniture to the building frame.
Furthermore, using a simple factor for greater strength and stiffness may cost more or save less than a
design that uses base isolation or another design technique. Each approach has its advantages and disad-
vantages.

Mitigation decisions take place in contexts that involve more than tangible costs and benefits. Other
decision-maker preferences; available financial resources; legal and time constraints; justice and equity;
and other variables also matter. The project team did not examine these other considerations, which
could matter more than BCR. Furthermore, this study offers BCR estimates as one consideration for a
wide variety of possibly complex decision situations that community leaders often face.

Incentivization Can Facilitate Ideal Levels of Investment

Not everyone is willing or able to bear the up-front construction costs for more resilient buildings, even
if the long-term benefits exceed the up-front costs. Different stakeholders enjoy different parts of the
costs and benefits, and the people who bear more of the costs may argue more urgently against miti-
gation than the people who enjoy more of the benefits. However, one set of stakeholders may be able

to offer incentives to others to decrease the cost or increase the benefit, and better align the competing
interests of different groups. The MMC and the Institute’s Council on Finance, Insurance and Real
Estate (CFIRE) have proposed a holistic approach to incentives that can drive coordinated mitigation
investments, aligning the interests of multiple stakeholder groups so that they all benefit from a coopera-
tive approach to natural hazard mitigation.°

®National Institute of Building Sciences, Developing Pre-Disaster Resilience Based on Public and Private Incentivization
(2015). http://www.nibs.org/resource/resmgt/MMC/MMC_ResiliencelncentivesWP.pdf
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Results Inform Mitigation Decision Making

This Summary of Findings and the ongoing study add to the growing body of scientific evidence that
demonstrates that mitigation lessens the financial impact of disasters on local businesses, communi-
ties, and taxpayers and it thus enables individuals and communities to recover more rapidly from these
events when they do occur. Additionally, it affirms that decision-makers, including governments, build-
ing owners, developers, tenants, and others, should consider opportunities for implementing mitigation
activities to reduce the threat to lives, homes, businesses, schools, and communities, while also reducing
future repair and rebuilding costs.

Expert Contributions to This Study

The Institute project team, which consisted of eight authors and two leaders, developed the methodology
with oversight by a committee of 15 independent experts, who peer-reviewed the work and confirmed
the results. Institute staff directed and managed the overall effort. FEMA provided additional review

by 20 subject matter experts. Other agencies of the federal government, including EDA within the U.S.
Department of Commerce, HUD, and the Office of Management and Budget also contributed nine
experts who provided input in developing the project, its methods, data, and products, or reviewed the
study for reasonableness and usefulness. In particular, HUD, along with FEMA, provided economic
input to the benefit-cost methodology. A total of 43 other representatives from 32 other organizations and
stakeholder groups, including banking, insurance, government, construction, natural hazards, economic
policy, environmental science, and structural engineering, provided oversight and peer review. The
project team is well-known for expertise in earthquake engineering, fire, flood, and wind risk, as well as
engineering economics and disaster sociology. Several of the authors participated in or helped lead the
2005 study. In total, the Interim Study represents the combined effort of 97 experts in virtually all fields
relevant to natural hazard mitigation in the United States.

Federal- and Private-Sector Support for the 2017 Study

A number of public- and private-sector organizations interested in expanding the understanding of the
benefits of hazard mitigation generously funded the research presented in this Interim Report, as well as
the project team’s ongoing work. Funders to date are Premier Plus Sponsor FEMA; Premier Sponsors
EDA and HUD; Lead Sponsor International Code Council; Sponsors IBHS and National Fire Protection
Agency; and Supporter American Institute of Architects. While representatives from these organizations
provided data and expertise to the project team, their input was largely informative, resulting in a truly
independent study. The Institute seeks additional funders to support the study of additional mitigation
measures.
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Natural Hazard Mitigation Saves:
2017 Interim Report

Technical Documentation

1 Introduction

1.1 Background

Hurricanes, tornadoes, floods, earthquakes, and wildfires are inevitable. Because of a variety of
factors, the impacts of these events are expected to increase—particularly during the useful life
of much existing and most new U.S. infrastructure. These environmental stresses will damage
property, injure, and kill people, threaten the viability of entire communities, and severely impact
the U.S. economy. Increased density and complexity of the urban environment also increase the
likelihood of larger, more costly disasters. Society will certainly bear the costs to respond to such
events.

Fortunately, there are measures governments, building owners, developers, tenants, and others
can take to reduce the impacts of hazard events. These measures—called mitigation—can result
in significant savings in terms of safety, and prevention of property loss, and disruption of day-
to-day life. Data should inform decision-making around the level and timing of mitigation
investments. Important data include the increase in safety, decreased economic impact and
human misery, jobs saved or created, and the speed of business activity recovery associated with
a particular level of investment.

The National Institute of Building Sciences (Institute), through its Multihazard Mitigation
Council (MMC), works to advance the utilization of cost-effective solutions to reduce the
impacts of hazards. In 2005, the Institute published the results of a study that examined the
benefits of investments by the Federal Emergency Management Agency (FEMA) in disaster
mitigation (MMC 2005). The results presented in this Interim Study, an update and expansion of
the 2005 study, attempt to answer questions that inform mitigation and present the first broad set
of hazards and mitigation measures. The project team will evaluate additional mitigation
measures and provide BCRs on such measures once available.

The Summary of Findings is accessible to the general public and policymakers, while the
Technical Documentation presents a detailed technical analysis of these questions. The Technical
Documentation speaks specifically to specialists: scientists, engineers, architects, and social
scientists who want to understand the Interim Study’s objectives, mathematical methods, and
findings in great detail. Appendix M provides a series of stand-alone documents that will be
useful in communicating Interim Study results to a widespread audience of policymakers,
businesspeople, and homeowners who make decisions on how to implement natural hazard
mitigation strategies.

Natural Hazard Mitigation Saves: 2017 Interim Report 17



Both volumes seek to provide insight to those who will make hazard-mitigation investments
based on the benefit-cost ratio (BCR) of their investment by answering the following questions:

« What is the overall average BCR for U.S. natural hazard mitigation efforts?

« Under what conditions—what locations, what hazards, what particular mitigation measures,
what categories of infrastructure—is the BCR higher or lower?

. Can one identify mitigation efforts not yet undertaken that would have a higher BCR, and use
that information to make better investments in public and private infrastructure?

Answers to these questions can inform a variety of mitigation decisions, but they do not touch on
many of the relevant variables. Mitigation decisions take place in business, political, social, and
personal contexts that involve benefits and costs, but also preferences, financial resources, legal
and time constraints, justice and equity, and other variables that far exceed the scope of this
Interim Study. The Interim Study only considers the benefits and costs of some leading
mitigation options. It does not identify or examine the local context under which mitigation
decisions are made. Local, regional, and even statewide factors may influence mitigation
decisions. The project team therefore makes no recommendations nor does it advocate for one
mitigation option over another, or advocate for mitigation over not mitigating. The Interim Study
offers benefit and cost information merely to serve as a resource in making complex mitigation
decisions.

People commonly measure benefits and costs with BCRs. Other metrics besides BCR can
quantify the desirability of mitigation, including the degree to which mitigation reduces total cost
of ownership. Mitigation can reduce the probability of catastrophic outcomes. A business
decision-maker thinking about how mitigation affects profits might use BCR to decide whether
an investment is worthwhile. On the other hand, if the decision-maker thinks that a natural
hazard might threaten the survival of the business, a BCR is the wrong measure to use. The
decision-maker should consider losses in a rare event, e.g., such as a low-probability event with
major impacts, through loss-exceedance curves or, more qualitatively, by considering outcomes
in a few disaster scenarios. This Interim Study does not quantify loss-exceedance curves.

This Interim Study evaluates BCRs in large part because U.S. infrastructure investments must be
“based on systematic analysis of expected benefits and costs, including both quantitative and
qualitative measures” (Clinton 1994). BCR is straightforward and a commonly used metric of
expected benefits and costs. The 2005 Mitigation Saves study measured the efficacy of natural
hazard mitigation in terms of BCR.

The 2005 Study resulted from a 1999 request by the U.S. Congress instructing FEMA to conduct
an independent review of the benefits and costs of FEMA-funded natural hazard mitigation
efforts. That study found, among other things that on average, FEMA-funded natural hazard
mitigation saved $4 for every $1 spent.! The 4:1 study has subsequently been cited hundreds of
times in scholarly literature, dozens of times in Congressional hearings, and many times in

! The ratio was shown to vary between perils and other factors, but people tend most often to quote the overall
number.
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Box 1-1. Mitigation Measures to be Examined in 2017/2018 Mitigation Saves Study

e Code adoption and designing to exceed International Code (I-Code) requirements.
What benefit can be provided by designing new buildings to exceed the requirements
of the 2015 International Building Code (IBC) and 2015 International Residential Code
(IRC) for flood, wind, and earthquake resistance? What benefit can be provided by
adopting the 2015 International Wildland-Urban Interface Code (IWUIC)? (70%
complete)

e About one in three communities has not adopted the I-Codes, or has weakened their
disaster-resistance requirements. What benefit is provided by adopting the 2015 IBC
and 2015 IRC for flood, wind, and earthquake resistance? (Funded for 2018)

e Private-sector retrofit of existing facilities. FEMA guidelines and other common
practices remediate deficiencies of existing facilities’ resistance to various natural
hazards. What are some leading options and how cost-effective are they? (60% funded
for 2018)

e Business continuity planning (BCP) and disaster recovery (DR). How cost-effective is
BCP/DR in the private sector? (Future)

e Utility and transportation lifeline mitigation. What are some leading options to make
utilities and transportation lifelines more disaster-resistant, and how cost-effective are
they? (50% funded for 2018)

o Public-sector grants to support mitigation. Since 1993, how cost-effective were natural
hazard mitigation efforts undertaken with funding support from various federal
agencies? (Complete)

e Public-sector direct mitigation efforts. How cost-effective have been various direct
mitigation actions by federal agencies? Many government agencies engage in natural
hazard mitigation as part of their mission, such as the U.S. Army Corps of Engineers
(USACE) flood-control efforts, the National Weather Service (NWS) work on hurricane
forecasting, and the U.S. Geological Survey (USGS) efforts to develop earthquake
early warning systems. (Future)

reports, public presentations, and elsewhere, as information to inform and support increased
investment in natural hazard mitigation.

As useful as the 4:1 ratio has proven to be in communicating the BCR of mitigation, FEMA-
funded mitigation represents only a fraction of all natural-hazard mitigation in the United States.
Intuitively, building a new facility to be more disaster-resistant is likely to cost less than
retrofitting that facility to the same level of disaster resistance after the fact. The 4:1 ratio may
underestimate the benefit of other classes of natural hazard mitigation. Current building codes
have already substantially advanced safety and property protection relative to prior codes.

The 2005 study focused solely on FEMA-funded mitigation activities. However, other federal
agencies also perform or fund mitigation activities, such as the Economic Development
Administration (EDA) and U.S. Department of Housing and Urban Development (HUD).

1.2 Objectives

The 2017 Interim Report updates and expands upon the mitigation measures studied in 2005 by
evaluating a broad suite of mitigation measures that can inform decision-making around
investments to reduce the impacts of natural hazards. This Interim Report focuses on the results
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from two specific strategies: the benefits and costs of new buildings designed to exceed select
model building code requirements provided by the International Code Council (ICC) and the
cost-effectiveness of grants by federal agencies. Box 1-1 summarizes the natural hazard
mitigation topics identified for study, those covered to date, and those funded for study. See
Section 1.3 for additional details on these Interim Study topics. Ongoing research will examine
additional mitigation measures that will be incorporated into future reports.

The project team studied two categories of natural hazard mitigation efforts to date:

1.

20

Design of ordinary new buildings to exceed current requirements of the unamended
2015 IBC and IRC, and to conform to the 2015 IWUIC (ICC 20154, b, c¢). Model codes
represent minimum requirements, not maxima. What might be the costs and benefits of
exceeding those minima? This Interim Study addresses that question by estimating the costs
and benefits of exceeding code minima in a few particular ways. This is not to say there is
anything wrong with current codes, which offer great improvements in performance relative
to older codes. I-Codes aim largely, though not exclusively, to protect immediate life safety.
For example, the intent of the 2015 National Earthquake Hazards Reduction Program
(NEHRP) Recommended Seismic Provisions (FEMA 2015d), which underpins the 1-Code
seismic requirements, is “to provide reasonable assurance of seismic performance that will
avoid serious injury and life loss ... preserve means of egress, avoid loss of function in
critical facilities, and reduce structural and nonstructural repair costs where practicable.” Its
provisions allow for substantial damage at the levels of shaking that approach the risk-
targeted maximum earthquake considered in the codes and underlying standards. Recent
earthquakes have shown that buildings in the epicentral region can experience such high
levels of shaking.

As leaders wish to address the resilience of their communities, the long-term, ongoing safety
and operations of buildings requires consideration of measures that enhance current code
minimums.

This Interim Study addresses whether it is economical to exceed life safety by reducing
damage and perhaps increasing the likelihood of immediate occupancy of buildings after a
natural disaster. This Interim Study examines the risk-category Il buildings of the 2015 IBC:
the homes, strip malls, office complexes, industrial buildings, and so on that comprise the
vast majority of new buildings. This Interim Report does not address the less-common
(though still important) buildings of risk categories I (e.g., minor storage facilities), Il (e.g.,
auditoriums) or IV (e.g., hospitals).

While not covered in this Interim Study, it is equally important to understand the BCR of
having a current building code in place versus an older code, or even no code at all. As of
June 2017, about one-third of communities in hazard-prone areas have not adopted a recent
version of the I-Codes (either the 2009, 2012, or 2015 edition) without weakening the
disaster-resilience features. As a later part of the study, the project team will evaluate the
BCR of code adoption.
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2. Mitigation of existing buildings funded by FEMA, EDA, and HUD. The federal agency
strategies consider 23 years of public-sector mitigation of buildings funded through FEMA
programs, including the Flood Mitigation Assistance Grant Program (FMA), Hazard
Mitigation Grant Program (HMGP), Public Assistance Program (PA), and Pre-Disaster
Mitigation Grant Program (PDM), as well as the HUD Community Development Block
Grant Program (CDBG) and several programs of the EDA. Barring identification of
additional federal data sets or sources of federal mitigation grant and loan funding, these
analyses represent essentially a comprehensive picture of such mitigation measures.
Mitigation efforts within other federal agencies including the U.S. Department of
Transportation (DOT) and within agencies where measures are implemented directly (e.g.,
U.S. Army Corps of Engineers (USACE) flood control) may be the subject of future study.
Some of the mitigation work funded by grants from these agencies may have used criteria
from the IBC and IRC, but also the International Existing Building Code (IEBC) and
additional criteria such as that identified in Chapter 2.2 (2015d and earlier editions).

This Interim Study does not address all categories of natural hazard mitigation, so inferences
about the cost-effectiveness of those other categories should not be made. For example, the study
does not addresses exceeding code requirements either to resist tornadic winds or to further
elevate structures in Coastal A zones.. As it continues its work, the project team will address
many of these categories of natural hazard mitigation, as discussed in the next section.

The project team estimated the benefits of natural hazard mitigation in terms of avoided future
losses. The team considered reductions in all major loss categories: property repairs, casualties,
and direct and indirect business interruption (BI). Several benefit categories could not be readily
quantified in dollar terms, so the project team acknowledged them qualitatively. (See Box 1-2 for
benefit categories, both tangible and intangible.) Not every benefit category in this list can be
quantified, and some of the remainder are notoriously difficult to estimate. The project team also
distinguished BCRs by peril, focusing on four of the most common and damaging sudden-onset
hazards that damage property and hurt people across the United States: flood, wind, earthquake,
and fire at the wildland-urban interface (WUI). These are the same perils examined in the 2005
Mitigation Saves study, with the addition of fire at the WUI. As in the 2005 Mitigation Saves
study, the present Interim Study limits its estimates of avoided future losses mostly to the owners
and tenants of mitigated buildings, and ignores the fact that when those people lose money, for
example, to pay for repairs, the money gets transferred to somebody else, such as construction
contractors.

2 The IEBC establishes target performance levels for existing buildings and ensures a more consistent degree of
performance.

Natural Hazard Mitigation Saves: 2017 Interim Report 21



Box 1-2. Benefit Categories Considered

Reduced future property repair and reconstruction costs.

Reduced additional living expenses (ALE) and other costs of residential displacement.
Reduced future losses associated with direct Bl, meaning the loss of revenue resulting
from damage at the facility in question that prevents it from being used for production.
Reduced future losses associated with indirect Bl, meaning the loss of revenue
resulting from damage at other facilities.

Lower insurance costs.

Reduced costs for emergency response.

Reduced loss of service to the community, especially for fire stations and hospitals.
Lower maintenance costs.

Improved public-health outcomes, especially deaths, nonfatal injuries, and post-
traumatic stress disorder (PTSD). Public health outcomes are expressed in terms of
incidents and are then monetized using the acceptable cost to avoid future statistical
deaths and injuries. Note that one can estimate the acceptable costs to avoid mental-
health impacts (not addressed in the 2005 study), which Bloom et al. (2011) suggest is
a dominant contributor to the global economic burden of non-communicable diseases.
10. Fewer job losses and some job creation.

11. Lower environmental impacts.

12. Reduced historical and other cultural impacts.

13. Impact on tax revenues.

W=

»
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The project team examined design objectives for new buildings from the perspective of an owner
or developer choosing between meeting versus exceeding the 2015 I-Codes, or in the case of the
2015 IWUIC, simply adopting it. The project team used the 2015 editions as the baseline to
examine the costs and benefits of exceeding code requirements for new design. Where a
community has adopted an earlier version of the code or no code, the BCR will change.

A few owners have chosen to exceed code minima, such as the California Institute of
Technology (CalTech), which for several decades constructed its buildings to be 50% stronger
than the code required. At least two consulting clients of project team members currently design
some of their new buildings to be 25% stronger than the code requires. A local jurisdiction could
make the same choice for portions of its community. Its decision-makers would benefit from
knowing: (1) the reasonable options; (2) the costs and benefits of such options; and (3) who
would bear or enjoy the costs and benefits. Costs include the up-front expenses required to enjoy
the possible benefits. Up-front expenses might include higher costs of design, construction,
enforcement and maintenance. Stakeholders would realize different benefits; building owners
would benefit from reduced building repair costs, tenants would benefit from reduced content
repair costs, and the broader community would benefit from reduced indirect Bl losses.

Results might vary by peril, geographic location, socioeconomic status, and economic sector.
The project addresses these questions by imagining a future building stock composed entirely of
buildings that comply with the current I-Codes (especially the 2015 IBC, IRC, and IWUIC), and
then again a different future building stock composed of buildings designed to exceed I-Code
requirements, such as with greater strength, stiffness, height above base flood elevation (BFE),
etc. In the case of the 2015 IWUIC, the project addresses the questions by imagining that new
buildings do not comply with that code, and then again supposing that new buildings do comply.
The Interim Study identifies locations where designing to exceed I-Code requirements appears to
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be cost-effective, and estimates the degree to which designing to exceed I-Code requirements in
those locations makes economic sense on a BCR basis. Box 1-3 explains how the project team’s
approach to consider only measures that appear cost effective do not produce bias.

For designing to exceed the 2015 I-Codes (or designing to comply with the 2015 IWUIC), the
project team estimated the costs and benefits for 1 year of new buildings, e.g., assuming that all
new buildings built in 2018 are built to comply with the stricter requirements, but only where it
is cost-effective to do so.

Box 1-3. A Note on Bias and Measuring Cost Effectiveness

Some critics may perceive that calculating the BCR for designing to exceed |-Code
requirements where it is cost-effective to do so somehow produces biased results, or an
implicit kind of advocacy. The 2005 Mitigation Saves study aimed to produce an
independent estimate of the BCR for FEMA-funded natural hazard mitigation undertaken
between 1993 and 2003. For the most part, FEMA only funded mitigation efforts in which
proponents were able to estimate that the BCR exceeded 1.0. The 2017 project team
continued this Interim Study with the same objective. Estimating the average BCR of
implementing above-code design should only consider such an approach where cost
effective (i.e., BCR is greater than 1.0). This gives readers a sense of how cost-effective
natural hazard mitigation can be, in cases where it is cost-effective at all. The Interim Study
attempts to show or describe the locations where designing to exceed I-Code requirements
saves more than it costs, on a long-term, average basis, cost-effectively and where it does
not. (With little if any accidental bias. Where some quantity is highly uncertain and strongly
affects BCR, the project team attempts to err on the conservative side, e.g., to under-
estimate BCR rather than over-estimate it.)

The Interim Study examines federal mitigation grants from the perspectives of the funder, grant
recipient, tenants, and the community near the mitigation activity. The Interim Study does not
consider the adoption of the whole codes studied, but instead estimates the costs and benefits of
narrowly defined changes. For example, what if a California city considering adoption of the
2015 IBC also considered requiring that all new buildings must comply with the seismic
strength, stiffness, and equipment anchorage requirements for risk-category IV buildings? That
would make most new buildings at least 50% stronger and stiffer than they otherwise would be.
Such a narrowly defined enhancement would not involve other requirements, such as changes in
wind resistance that might be stated elsewhere in the code. The project team estimated the costs
and benefits associated with just the one enhancement, ignoring how the enhancement for
seismic resistance might affect wind resistance.

A number of different stakeholders might potentially be interested in the results of this Interim
Study. Box 1-4 identifies categories of stakeholders and intended audiences for the Summary of
Findings and the Technical Documentation.

The project team aimed first to produce this Interim Study, documenting its methodologies and
findings. The project team set out to assure quality through a rigorous peer review process, in
which each section was reviewed by at least two highly qualified experts working independently
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of the project team. This Interim Study represents an “independent inquiry,” meaning the authors
are independent of the funding organizations for this Interim Study.

1.3 Future Mitigation Saves Study Activities

This Interim Study presents analysis to determine the benefits and costs of pre-disaster
mitigation strategies for new private-sector construction and grants to mitigate existing public-
sector buildings. This analysis began in October 2016 and concluded in October 2017.

Beginning in late 2017, the project team will continue its research, assessing the cost-
effectiveness of bringing states with significant flood, wind, and earthquake hazards and
inadequate or no disaster-resistant codes up to the level of resistance afforded by the 2015 IBC
and the 2015 IRC. A disaster-resistant code is defined here as the 2009 and later editions of the
IBC and IRC.

Box 1-4. Stakeholder Categories and Intended Audience

Insurers: Primary and reinsurance companies, state insurance authorities

Finance: Mortgage companies, appraisers and real estate brokers
Loan organizations: Property Assessed Clean Energy (PACE), tax
increment financing, American public-private partnership (P3) model,,
Community Development Financial Institution (CDFI), green banks, cat
bond issuers, real estate investment trusts (REITS), bond rating

agencies

Designers: Architects, land use planners, structural and civil engineers and their
professional societies

Builders: Developers, builders, contractors, and their trade associations

Public sector: Mayors, county supervisors, city and county council members, building

officials, community development agencies, fire departments,
emergency responders and managers, state legislatures, other state
agencies: utility commissions, state architects, state departments of
transportation, housing, school boards, U.S. Congress and federal
agencies: FEMA, HUD, Small Business Administration (SBA), EDA,
DOT, Fannie Mae, Federal Housing Administration (FHA), Freddie
Mac, Department of Veterans Affairs (VA), Department of Energy
(DOE), Department of Agriculture (USDA)

Private sector:  Homeowners, large businesses, small businesses and utilities

Outreach: Media, universities, hazard-related organizations, building-related
organizations
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The project team also will estimate the cost-effectiveness of retrofits of existing private-sector
buildings to enhance their resilience to natural disasters. The project team will consider
mitigation efforts to reduce risk from flood, wind, earthquake, and fire at the WUI that meet at
least two of three criteria:

« Commonly implemented, but probably cost-effective.
« Conducive to reducing uninsured losses.

« Of particular interest to the National Fire Protection Association (NFPA) and HUD, because
the retrofit solves a deficiency in many HUD-funded buildings, the retrofit is affordable to
HUD occupants, or HUD provides funding for the retrofit measure.

Mitigation strategies for potential study are identified and prioritized in Table 1-1. In its ongoing
research, the project team will examine all priority-1 measures, at least one priority-2 measure
for each peril, and, possibly, priority-3 perils if it is found that the priority-1 and priority-2
measures can be evaluated without exhausting the available time and budget. Input from
sponsors, oversight committee members, and stakeholders will determine which priority-3
measures can be examined.

Peril Mitigation Measure Priority
Flood Elevation 1
Buyout 1
Wet flood proofing 2
Dry flood proofing 3
Land use planning 3
Site perimeter flood proofing 3
Wind Manufactured housing engineered tie-down system (ETS) 1
IBHS FORTIFIED Home (existing home, hurricane) 2
IBHS FORTIFIED Home (existing home, high wind) 3
Stronger vents, soffits, and overhangs at gable end walls 3
Stronger connections of attached structures 3
Earthquake | Furnishings, fixtures, and equipment restraints 1
Manufactured housing engineered tie-down system (ETS) 1
Foundation anchors & strengthen cripple walls to older wood 2
buildings
Seismic gas shutoff valves 2
Stronger unreinforced masonry bearing-wall (UMB) buildings 3
Stronger roof-to-wall connections in older tiltup and reinforced 3
masonry
Steel frames or wood shearwalls to soft-story multi-family dwellings 3
WUI Retrofit to approach 2015 IWUI Code 1

Table 1-1. Retrofit measures to be examined in the ongoing study.
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A third analysis will examine the cost-effectiveness of natural hazard mitigation to reduce risk
for utilities and transportation lifelines projects funded by the EDA and in the public or private
sectors. This line of inquiry will likely analyze the mitigation of flood risk for most or all of:
electricity, telecommunication, ports, rail, and roads, as well as the mitigation of wind risk to
electricity and telecommunications. The ongoing study will examine:

. A leading lifeline mitigation effort for fire at the WUI: controlled burns to reduce drinking-
water reservoir turbidity caused by soil in runoff.

. A leading measure to increase the resilience of telecommunication and electric systems to
earthquake: strengthening of equipment at substations and telecommunication central
offices.

. A promising earthquake mitigation measure for water, wastewater, and sewer, called a
resilient grid.

The Institute will release data on additional mitigation measures as they become available.
Additional future work, pending identification of funding resources, will examine BCP and DR,
as well as mitigation activities performed by federal agencies, such as the National Oceanic and
Atmospheric Administration (NOAA) early warning system and the USACE levee programs.

1.4 Organization of Interim Report

This chapter introduces the project team’s objectives and some of the important considerations in
quantifying the costs and benefits of mitigation. Chapter 2 summarizes the findings. Chapter 3
briefly recaps past efforts to perform similar or related studies. Chapter 4 presents the methods
selected to meet the Interim Study objectives. Chapter 5 summarizes the data acquired. Chapter 6
lists the references cited elsewhere in the Interim Study. Miscellaneous additional documentation
such as a glossary and a set of brief summaries of particular mitigation measures or categories of
measures, with the aim of informing decisions by a particular stakeholder group appears in the
appendices.
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2 Findings

2.1 Summary Results

Based on the mitigation measures examined for this Interim Report, mitigation remains a solid
investment. Implementing mitigation measures in new construction to exceed select provisions in
the 2015 IBC and the 2015 IRC and the implementation of the IWUIC saves society $4 for every
$1 spent, resulting in a national BCR of 4:1. Federal mitigation grants provided by FEMA, EDA,
and HUD result in $6 of benefit for every $1 spent, producing a national BCR of 6:1. As the
project team studies additional mitigation measures, this report will expand to incorporate new
findings. Eventually, once the project team has identified BCRs for a suite of mitigation
measures, they will aggregate them into a BCR that reflects the overall value of implementing
mitigation. (See Box 1-1 for a discussion of why such an aggregation is not provided at this
time.)

The national-level BCRs aggregate the study findings across natural hazards and across state and
local BCRs. The Interim Study examined four specific natural hazards: riverine and coastal
flooding, hurricanes, earthquakes, and fires at the WUI. Table 2-1 summarizes the BCRs for each
set of mitigation measures and the individual natural hazards the project team examined. The
sections that follow provide an in-depth discussion of the results and key considerations in
determining mitigation measure- and hazard-specific BCRs.

National Benefit-Cost Ratio Per Peril Federally Beyond Code
*BCR numbers in this study have been rounded Funded Requirements

Overall Hazard Benefit-Cost Ratio 6 = 1 4: 1

Riverine Flood

Hurricane Surge

Wind

Earthquake

ﬁo} Wildland-Urban Interface Fire

Table 2-1. Benefit-Cost Ratio by Hazard and Mitigation Measure.
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Box 2-1. Why Two BCRs?

This Interim Report of results features two high-level BCRs representing the benefits of
mitigation achievable by exceeding code provisions and through federal grant programs.
While the project team recognizes the desire to have a single BCR that would facilitate
widespread dissemination of the project results, providing such an aggregate number will be
more useful when other parts of the Mitigation Saves study are completed.

The 2005 study produced the widely cited results that showed a $4 benefit for every $1
invested in mitigation. Despite the specific guidance that the result represented only a single,
very narrow set of mitigation strategies, specifically those funded through FEMA mitigation
grants, the BCR has been used to justify all types of mitigation strategies. The 2017 Interim
Report provides an updated examination of the benefits of federal agency grant programs
(including the addition of EDA and HUD), resulting in a $6 benefit for every $1 invested.
While not a direct replacement, when used to describe federal grant programs, the 6:1 BCR
can be used in place of the original 4:1.

The 2017 Interim Report also includes the results from the examination of a new set of
mitigation measures: exceeding the 2015 IBC and IRC and implementing the 2015 IWUIC.
These strategies provide an aggregate benefit of 4:1. While these mitigation measures are
an important addition to the dialogue around mitigation, they still only represent a few of
many practical strategies.

In lieu of providing a result based on a limited set of mitigation measures, with the result
likely to change as new mitigation strategies are studied and added to the aggregate
number, the project team elected to provide BCRs for each strategy individually. Once the
project team has identified BCRs for a sufficient number of mitigation strategies, it will
provide an aggregated number representing the overall benefit of mitigation.

2.2 Results From Designing to Exceed 2015 I-Code Requirements

The section presents benefit-cost analysis (BCA) results of designing new buildings to exceed
2015 IBC requirements (in the case of riverine flood, hurricane storm surge in coastal V-zones,
wind, and earthquake) or to comply with the requirements of the 2015 IWUIC (in the case of
wildfire).

2.2.1 Designing to Exceed 2015 I-Code Requirements for Riverine Flood

The cost to build all new homes to the BFE + 5 feet for 1 year is approximately $900 million.
This would produce approximately $4.2 billion in benefits, for an aggregate BCR of
approximately 5:1, e.g., $5 saved for every $1 spent to build new homes higher out of the
floodplain.

If all new residences in the United States in the 1% annual chance floodplain were designed to
BFE + 5 and achieved the overall average BCR of 4.67 shown in Figure 2-2, what would be the
total societal costs and benefits for 1 year of new construction? There are approximately 5.1
million National Flood Insurance Program (NFIP) policies currently in force in the United
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States.® NFIP’s market penetration (ratio of houses that are insured to the total number that could
be insured) is approximately 0.5.# Together, these two statistics suggest approximately 10.2
million U.S. homes are currently in the 1% annual chance floodplain. On average, construction
adds about 1% to the existing building stock, which suggests that 102,000 houses will be built in
one average year in the 1% annual chance floodplain (1% of 10.2 million = 102,000). The
additional cost to build to BFE + 5 rather than BFE + 1 is approximately $8,900 for a single
house, or about $900 million for 102,000 new houses. With a BCR of 4.67, the benefits would
total about $4.2 billion ($900 million x 4.67). The benefit comes from reduction in property
losses, additional living expenses (ALE), sheltering, and indirect Bl, casualties and PTSD, and
insurance, in the proportions shown in Figure 2-1.

Benefit: $15.5 billion
43% — Property: $6.7

22% — Additional living expenses & 43%
direct business interruption: $3.5
13% — Casualties & PTSD: $2.0

12% — Indirect business interruption: $1.8
10% — Insurance: $1.5
billions 2016 USD

$3.6 billion

Figure 2-1. Nationwide benefits by category for designing to exceed 2015 [-Code requirements
for flood.

In Figure 2-1, the label “additional living expenses and sheltering” means the cost to residents or
to the rest of society resulting from the loss of use of residential property—the analog of direct
Bl in residential property. Indirect Bl refers to the net reduction in economic activity resulting
from the loss of use of the residential property, aside from the ALE. The same is true of several
other pie charts in this chapter. In some cases, the living expenses and indirect Bl are combined
in a pie chart, or direct and indirect Bl. Where practical, they are separated. Figure 2-1 adds
smaller benefits and costs associated with hurricane surge, discussed in Section 2.1.2.

This Interim Study estimates the nationwide effectiveness of designing and building all new
homes in 1 year in the 1% annual chance floodplain to exceed 2015 I-Code requirements. It does
not purport to present a precise estimate of benefits that might be realized on a case-by-case local
basis (e.g., census tracts), or if such precise calculations were carried out on a local basis in every
floodplain across the entire nation and then summed. Local results for a particular house or for

3 https://www.fema.gov/total-policies-force-calendar-year

4 https://www.fema.gov/media-library-data/20130726-1602-20490-2804/nfip_eval _market_penetration_rate.pdf, pg.
Xiii
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all the houses in a particular community would probably differ from the average presented here.
The true nationwide benefits and costs, if they could be calculated for every county in the United
States, would also differ by some unknown amount from the estimates this report provides.
However, more often than not there would probably be a benefit to mitigating.

The project team used a purposive sampling technique of typical cases of communities that
represent common floodplain conditions and residential structures found in riverine flooding
across the United States, as described in Section 4.8.2. Table 2-2 summarizes the statistics for the
four counties studied. Results are reported for each foot of increase in elevation at a 2.2%
discount rate (the approximate cost of borrowing) and an assumed 75-year economic life of a
residence. (See Appendices H and | for a discussion of the discount rate and of the economic life
of a building, respectively.) The table shows the benefits and costs for additional elevation above
code-minimum: BFE + 2 means new design to 2 feet above BFE, for example. “Cost” refers to
the total additional cost of building to the specified height rather than I-Code minimum (BFE +
1). It is the difference in construction cost between BFE + n feet (e.g., “BFE + 2 means 2 feet
above BFE) and BFE + 1. Benefit means the present value of benefits resulting from the
additional elevation. BCR refers to the ratio of the two. ACost refers to the difference in
additional cost to build to BFE + n feet rather than BFE + (n — 1) feet, or the additional cost of
one additional foot of elevation from BFE + (n — 1) to BFE + n. ABenefit refers to additional
benefit of building to BFE + n rather than BFE + (n — 1). AB/AC refers to the ratio of ABenefit to
ACost. Each additional foot of elevation is considered cost-effective if AB/AC > 1.

ABJ/AC is greater than 1 for all elevations considered. Table 2-2 suggests that designing buildings
with increased elevation above the I-Code 2015 requirement (BFE+1 foot) is generally cost-
effective, at least up to BFE + 5 feet (4 feet more than the 2015 IBC requires) in these four
counties. Figure 2-2 shows results for each county separately. Figure 2-3 shows average BCR
and average AB/AC values, e.g., averaging over these four counties. While Monroe County,
Georgia, has higher values of BCR and AB/AC than the other three counties, all four counties
show consistent results, in that all suggest greater elevation passes the BCR > 1 and AB/AC > 1
tests of cost-effectiveness.
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Height Cost Benefit BCR ACost ABenefit AB/AC
Allen County, IN
BFE+2 |$ 793,972|$ 3,275,548 4.13|$ 793,972|$ 3,275,548 4.13
BFE+3 |$1,191,106|% 5,665,808 4.76| $ 397,134($ 2,390,260 6.02
BFE+4 |$1,588,023|% 7,614,300 4791 $ 396,917 $ 1,948,493 491
BFE+5 |$2,022,687|% 8,418,696 4.16| $ 434,663|$ 804,396 1.85
Elkhart County, IN
BFE+2 |$2537,343|% 9,534,636 3.76| $2,537,343| $ 9,534,636 3.76
BFE +3 |$3,806,507| % 15,925,500 4.18| $1,269,164| $ 6,390,864 5.04
BFE+4 |$5,074,995| $ 19,968,948 3.93| $1,268,488| $ 4,043,448 3.19
BFE+5 |$6,464,192| $ 22,607,799 3.50| $1,389,197| $ 2,638,850 1.90
Fulton County, GA
BFE+2 |$3,516,281| $ 14,810,326 4.21| $3,516,281 | $14,810,326 4.21
BFE+3 |[$5,275,131| $ 28,508,125 5.40| $1,758,849| $13,697,800 7.79
BFE+4 |$7,033,070| $ 39,734,000 5.65| $1,757,940| $11,225,874 6.39
BFE+5 |$8,958,412|$ 48,776,327 5.44| $1,925,342| $ 9,042,327 4.70
Monroe County, GA
BFE+2 |$ 185,855|% 1,619,143 8.71| $ 185,855(% 1,619,143 8.71
BFE+3 |$ 270,575|$% 2,868,257 10.60| $ 84,720|$ 1,249,113 14.74
BFE+4 |$ 359,165|% 3,450,872 961|$ 88591|$ 582,615 6.58
BFE+5 |$ 452,175|% 3,826,023 8.46|$% 93,010/$ 375151 4.03

Table 2-2. Summary BCR results for sampled counties.
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Figure 2-2. BCR by sample county and additional elevation.
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Figure 2-3. BCR and AB/AC to build new buildings higher above BFE than required by the 2015
IBC.

Some key observations are worth noting. First, there are differences between overall BCR values
(a BCR at given elevation compared to BFE + 1) and AB/AC estimates. Variations among BCR
values tend to be more subtle than drastic variations among AB/AC values, especially at higher
elevations. That is expected: the more height above BFE, the more costs compared with the
previous elevation but lesser benefit; AB/AC measures that incremental effect, while BCR adds
the last-foot costs and benefits along with all the others, so the cost-effectiveness of the last foot
gets concealed to some extent. It is generally cost-effective to construct a new building higher
than BFE + 1, even up to 4 additional feet.

Second, BCR values seem to decline beyond a certain threshold. The project team found that
with more than 4 to 5 feet of additional elevation, BCR and AB/AC diminished. This trend was
consistent across all four of the sample counties and is likely to be consistent in similar
communities across the nation.

Finally, it is obvious that variations among BCR values are specific to locational and community
conditions (Table 2-2). This is evident by the noticeable difference in BCR values between
Monroe County, Georgia, and the other three counties, and also among the other three counties
themselves. Monroe County has a considerably higher percentage of open foundations than what
is present in the other three counties. The BCR values for Monroe County are actually similar to
those seen in the analysis of the effectiveness of elevation in coastal communities that are also
dominated by open foundations, as discussed in Section 2.1.3. Although closed foundations are
more common in the other counties, variations among BCR values still occur because of site-
specific conditions such as level of inundation or because of socioeconomic characteristics, such
as variations in construction costs or distribution of business activities within the floodplain
communities.

To further investigate the latter observation, the project team tested a number of regression
models using the BCR as a dependent variable. The available, relevant independent variables
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include elevation above BFE, foundation type, number of stories, and foundation size. One of the
statistically significant models accurately predicted BCRs as a function of two independent
variables: (1) elevation above BFE and (2) foundation type. This regression analysis produced an
R? value of 0.81, which means that 81% of variance in BCR among the sampled counties in a
0.2% annual chance floodplain can be explained by building elevation and foundation type.
Societal and hazard conditions probably explain the remaining 20% of variance.

2.2.2 Designing to Exceed 2015 I-Code Requirements for Hurricane Surge

Building new single-family dwellings higher above the BFE than the 1 foot required by the 2015
IRC appears to be cost-effective in coastal surge areas identified as V or VE by FEMA in all
states. Surge in coastal VV-zones is different from riverine flooding, and so its costs and benefits
are different.

When the incrementally efficient maximum (IEMax)°® of the increase in building height is
assessed on a state level, the aggregate BCR (summing benefits and costs over all states) is
approximately 7:1, e.g., $7 saved for every $1 spent to build new coastal buildings in V- and VE-
zones higher above the shoreline. It would cost approximately $7 million extra to build all new
buildings to the IEMax elevation above BFE for 1 year, and would produce approximately $51
million in benefits.

The results strongly suggest that greater elevation of new coastal single-family dwellings in V-
zones is widely cost-effective. (The study did not examine greater elevation of buildings in
coastal A-zones because of data limitations.) All states have an IEMax building height above
code of at least 5 feet. The IEMax elevation is quite high for several reasons. These include the
relatively low cost of building a foot higher compared to the price of a house. These costs and
benefits refer to building new coastal single-family dwellings higher above BFE, not of elevating
existing houses, which would be much more expensive and would result in a lower BCR.

Figure 2-4 illustrates the contribution to benefit from the various benefit categories, led by
reduced property loss (about 69%), followed by time-element losses (ALE and indirect Bl losses,
19%), insurance (12%), and acceptable costs to avoid deaths and nonfatal injuries at much less
than 1%. Figure 2-4 uses state-level estimates for the IEMax elevation above 2015 IRC
requirements.

5 See Section 4.5 for a discussion on the determination of the incrementally efficient maximum as utilized in this
study.
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Benefit: $51 million
68% — Property: $35.0
14% — Living expenses, sheltering: $7.0 68%
12% — Insurance: $6.0
6% — Indirect business interruption: $3.0
0% — Casualties & PTSD: $0.2 '
millions 2016 USD /
0%
6%

14%

$7 million

Figure 2-4. Benefits and costs of building new coastal houses in V-zones above 2015 I-Code
requirements for 1 year.

The IEMax additional height varies by state, as illustrated in Table 2-3. The benefits of building
above code descend from very cost-effective, with a BCR of approximately 17:1 at BFE + 2 ft,
to just marginally cost-effective at 8 and 9 feet, with values just above 1. Table 2-3, Figure 2-5
and Figure 2-6 illustrate these results. They show estimated benefits and costs for 1 year of new
construction, which as discussed in Chapter 4, are estimated as 1% of the existing building stock
in coastal V-zones (not all coastal residences—just those in V-zones).

Figure 2-5. BCR of coastal flooding mitigation by elevating homes above 2015 IRC
requirements (by state).
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Figure 2-6A demonstrates that all building elevations assessed are cost-effective, with
diminishing returns. The curve of change in benefit divided by change in cost (AB/AC) in Figure
2-6B shows that the increase in elevation is cost-effective to 9 feet, with the incremental change
in benefit exceeding the incremental change in cost by at least a factor of 1.0 (the threshold

indicated by the horizontal dotted line with a y-value of 1.0).

Height |Property i'r?(lj_ilrze%t Insurance Dgath, Benefit | Cost B/C| AB AC | ABIAC
(ft) loss Bl fees injury B C
BFE+2 | $ 10.67| $ 2.80 $ 1.81| $0.05| $15.33|$0.90|16.9/$15.33|$0.90| 16.9
BFE+3 | $ 17.60| $ 4.67 $ 2.99| $0.09| $25.36(/$1.80|14.1|$10.02|$0.90| 11.2
BFE+4 | $ 24.66| $ 6.76 $ 4.19| $0.12| $35.73|$2.71|13.2|/$10.37($0.90| 115
BFE+5 | $ 2796 $ 7.70 $ 4.75| $0.14| $40.55|$3.60|11.2| $4.82[$0.90 5.4
BFE+6 | $ 31.11| $ 8.74 $ 5.29| $0.15| $45.28|$4.50/10.1| $4.73[$0.90 5.3
BFE+7 | $ 32.66| $ 9.12 $ 555| $0.16| $47.50|$5.41| 8.8| $2.22|$0.90 2.4
BFE+8 | $ 34.21| $ 9.61 $ 5.82| $0.17| $49.80|$6.30| 7.9| $2.30|$0.90 2.6
BFE+9 | $ 34.93| $ 9.80 $ 5.94| $0.17| $50.84|$7.20| 7.1| $1.04|$0.90 1.2
BFE+10| $ 35.64| $10.07 $ 6.06] $0.17| $51.94$8.11| 6.4| $1.10[$0.90 1.2
BFE+11| $ 35.88| $10.12 $ 6.10] $0.17| $52.27$9.01| 5.8 $0.33[$0.90 0.4

Table 2-3. Benefits and costs of building new coastal 1-story single-family dwellings higher
above estimated BFE (all dollar figures in present value, $ millions, for 1 year of new

construction).
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Figure 2-6. Benefits and costs of building new coastal single-family dwellings higher above the
requirements of the 2015 IRC: (A) benefits versus costs, (B) BCR and AB/AC versus first floor

elevation.
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- ALE & .
Height above |Property| . . Insurance| Death, Benefit | Cost
State| gre )y | (M) '”dg\jf)tB' M) | injury M) | M) | M) |BCR
X 8 2.18 0.64 0.37 0.01 3.20| 0.35| 9.1
LA 10 1.49 0.41 0.25 0.01 2.16| 0.45| 4.8
MS 10 2.32 0.67 0.39 0.01 3.40| 0.34] 10.1
AL 10 0.79 0.22 0.13 0.00 1.15| 0.10| 11.7
FL 10 23.19 6.55 3.94 0.11| 33.80|4.01| 8.4
GA 6 1.22 0.34 0.21 0.01 1.77| 0.47| 3.8
SC 10 0.09 0.02 0.02 0.00 0.13/ 0.03| 5.0
NC 10 1.99 0.56 0.34 0.01 2.90| 0.56| 5.2
VA 6 0.02 0.00 0.00 0.00 0.02]| 0.01| 3.8
MD 6 0.01 0.00 0.00 0.00 0.01] 0.00| 3.8
DE 6 0.02 0.01 0.00 0.00 0.02] 0.01| 3.8
NJ 6 0.04 0.01 0.01 0.00 0.06] 0.02| 3.8
NY 6 0.09 0.02 0.02 0.00 0.13/ 0.03| 3.8
CT 6 0.34 0.09 0.06 0.00 0.49] 0.13| 3.8
RI 6 0.36 0.10 0.06 0.00 0.52| 0.14| 3.8
MA 6 1.09 0.30 0.19 0.01 1.59]| 0.40| 3.9
Total 35.2 9.9 6.0 0.2 51 7 7
Table 2-4. Summary of IEMax elevations above BFE for new buildings in coastal V-zones, by

state, for 1 year of new construction.

Regional differences in BCR and the IEMax elevation generally agree with regional differences
in coastal hazard maps. As one might expect, there appears to be a lower BCR where the hazard
is lower, such as in the northeastern United States. Even so, the BCRs at the IEMax elevation
still exceed 3:1, with the IEMax building height 5 feet above code (BFE + 6) from Virginia to
Massachusetts. This might have been harder to believe before Superstorm Sandy. Sandy
demonstrated that coastal surge damage can be severe, even in places with only moderate to
moderately high wind hazard. The analysis shows that storm-surge heights in these areas
constitute a significant hazard, and that reducing that hazard by building higher makes financial
sense on a benefit-cost basis.

The project team successfully incorporated NOAA Maximum-of-Maximum Envelope of Water
(MOMs) (NOAA, 2014) into a regional probabilistic estimate of storm surge. It was necessary to
do so. Using just flood insurance studies (FIS) and FEMA flood maps, one can estimate hazard
at the 1% recurrence rate, but the real hazard is uncertain, so actu