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This analysis retrospectively examines the National Flood Insurance Program (NFIP)
using benefit-cost analysis (BCA). Congress created the

NFIP

in 1968 to provide flood in-

surance in part due to the absence of a private market for flood insurance. Since 1994, the
NFIP

has included a Flood Mitigation Assistance (FMA) program to provide local commu-

nities with support for flood mitigation. Together, the NFIP and NFIP programs provide the
national flood protection and response strategy.
This analysis estimates net social benefit of the

NFIP

for the years 1996 through

2010. An important element is the estimated consumer surplus for flood insurance using
historical financial and survey data available from the

NFIP .

Using this estimate and other

components of net social benefits, this analysis derives a sufficient statistic for the insurance
component of the

NFIP

and is joined with other estimates of the benefits of the

FMA

to

estimate the net social benefits of the combined program. A supplemental analysis is done
using different income weighting scenarios in a distributionally weighted BCA. Finally, this
study includes an analysis of the change in government revenue attributable to the NFIP and

FMA

programs. Sensitivity analysis is conducted on all results.
This study concludes by finding that the

NFIP

and

FMA

programs provided a net

benefit to society the years 1996 through 2010. Additionally, the NFIP and FMA are regressive. Finally, this study finds that government revenue experiences a net increase due to the
NFIP

program.
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CHAPTER 1

INTRODUCTION

The National Flood Insurance Program (NFIP) rises to the top of the political agenda following major hurricanes and flood events. The program has been through several reform
cycles over more than four decades and received new bolted-on components and requirements each time. Whether or not this program has provided net benefits to the country or
the government is not well understood. This analysis provides the first comprehensive look
at the NFIP and its related programs.
The

NFIP

is a federal program that provides flood insurance to homeowners and

businesses. Congress created the

NFIP

in 1968 because the private market did not provide

any insurance against flood events and the federal government found itself in the frequent
position of appropriating emergency funds to assist in flood recovery and rebuilding. Today,
the Federal Emergency Management Agency (FEMA) manages the
Mitigation Assistance (FMA) program. The

FMA

NFIP

and the Flood

program provides grants to state and

local governments for projects to reduce the damage caused by floods through mitigation
and prevention projects. Together, these two public programs form the core of the United
States flood mitigation and recovery policy.

1

2

1.1
The

Background and Significance
NFIP

has grown into the largest single-hazard insurer in the United States. The pro-

gram provides more than a trillion dollars of insurance coverage to more than 5 million
policyholders. Despite the size of the

NFIP ,

the risks of the program are concentrated.

More than 40 percent of the program’s policyholders are in Florida. Florida’s higher risk
for hurricane-related flooding exposes the NFIP to geographic risks.
The

NFIP

is unable to manage that risk effectively due to two policies. The first

policy provides discounted flood insurance to individuals who meet certain conditions and
to those whose homes were built before a 1973 legal change.

FEMA , who also manages the

Flood Insurance Rate Map (FIRM), which decides flood insurance pricing, has not updated
the

FIRM

for many years and may have used incorrect flood data in some places. Both

policies decrease insurance premium rates below the actuarially fair rate, the rate equivalent
to the expected losses for the property.
With premium rates below the actuarially fair rate, the NFIP does not receive enough
revenue to pay for insurance claims. The NFIP can borrow from the United States government to pay for claims, but the cumulative losses have left the NFIP with almost 25 billion
dollars of debt. Congress created the NFIP because flood insurance was not available on the
private market and the government often used emergency appropriations for flood recovery
after an incident.
While the

NFIP

is often subject to formal study, an analysis showing the net social

benefits (NSB) of the NFIP has not been conducted. Neither is the full effect of the program
on the federal budget understood. At the individual policyholder level, the value of an NFIP

3
policy is not known and neither is how the costs and benefits are distributed between the
rich and poor. This analysis will answer each of these questions and is significant due to
the political, economic, and social context of the program in the United States.
The main constituency groups of the
and the

NFIP ’s

stability of the

NFIP

are the taxpayers of the United States

policyholders. It is not clear if the government would ensure the financial
NFIP

if the program were insolvent. Accordingly, understanding the ben-

efits and costs of the

NFIP

is useful to understand the affect on government finances. In

addition, Congress has considered many potential changes to the program, such as adding
wind insurance, privatizing the program, or other structural changes. Finally, understanding the distributional effects of the program would be useful to the policy-making process
by showing how the policy affects those with fewer means of financial support.

1.2

Topic and Method

This analysis will evaluate the social benefits of the NFIP and FMA programs using benefitcost analysis (BCA). This analysis will develop the methodology of
NFIP

and

FMA

programs and generate estimates of the

NSB

BCA

as applied to the

for those programs. The anal-

ysis will be in four stages. The first stage is an estimate of the consumer surplus for flood
insurance, which is necessary to measure the benefit consumers receive from the program.
The second stage is a retrospective BCA of the NFIP covering the period from 1996 through
2010. The third stage is a distributionally weighted

BCA ,

in which impacts are weighted

according to the income status of the recipient. The fourth stage will estimate the impact
of the

NFIP

on the federal budget. Although this study is retrospective, the results can in-

4
form policy decisions about flood risk and other government-run insurance programs, from
an ex ante perspective. For instance, these results can provide a baseline against which to
measure potential changes to the NFIP.
The analysis is constrained by the available data for analysis. The first of these
constraints drives the analytical viewpoint to a retrospective analysis. There are historical
data for the NFIP program starting in 1977, when FEMA began administering the program.
There is information on the

FMA

grants program starting in 1996, when

FEMA

began the

grant-making process to local jurisdictions for flood mitigation. These data lend themselves
to retrospective analysis given the data availability and the unpredictable nature of both
flood events and Congressional funding for individual programs. This analysis will only
look at the time period from 1996 through 2010, reflecting the period for which data are
best available. This time frame may be too small for retrospective study if the return period
for a flood of a certain intensity is greater than the 15-year study period.
Closely related to the first constraint, the second focuses on data granularity. The
data for premiums and claims for the

NFIP

is given at the county-level. Across the United

States, counties vary in size and population density and are not necessarily uniformly comparable. Nevertheless,

FEMA ’s NFIP

financial information is at the county-level.

FMA

program grants are generally at the county level, as well. Because of this, a county-level
analysis is the most provident vehicle for understanding the NFIP using these data.

5

1.3

Analytical Viewpoint and Assumptions

This analysis begins with a distinctive analytical viewpoint and assumption set. These
assumptions frame the analysis and subsequent discussion and stem both from the available
data and from the behavior of actors within the model within the economic, social, and
political constraints of the NFIP and FMA programs. The major underlying assumptions are
described below, and their analytical impact is explained in the analysis, discussion, and
conclusions.
A major assumption at the start of this analysis focuses on governmental behavior in
the absence of the NFIP. As described in chapter 2, the government routinely offered private
disaster relief bills for major disasters. This was true for flood disasters and continued after
the introduction of the

NFIP

when the flood insurance program was insufficient to provide

full recovery to affected property owners. This leads to the assumption that if the NFIP did
not exist, then the federal government would, through private disaster relief bills, continue
to provide aid for disaster victims. A related assumption is that the government would pay
for this ad hoc disaster relief through general taxes. Further, this assumption is refined to
state that the government’s ad hoc disaster relief would be equivalent to the amount paid
by flood insurance claims. This is based on the motivation behind the NFIP to share the cost
of flood recovery with beneficiaries of that recovery funding.
This assumption about the government’s behavior in the absence of the

NFIP

has

two important implications in the following analysis. The first implication is that the government would have to raise the funds to pay for the ad hoc flood relief via taxes. These
taxes have an associated marginal excess tax burden (METB), and that is a cost to the econ-

6
omy. The second implication is that the environmental effects both with and without the
NFIP

are identical. Both of these implications are explored in the analysis.
A second assumption is that insurance companies participating in the NFIP’s Write

Your Own (WYO) program do not benefit from doing so. This assumption underlies the
value of the administrative fees paid to insurance companies and whether insurance companies profit from the administration of the NFIP. When assuming insurance companies do
not profit from the WYO program, the benefits are reduced for producers in the analysis.
These two assumptions are key to simplifying the analysis and make it possible
to analyze the program in a clear and coherent manner. However, both assumptions are
subject to analytical review and are tested through sensitivity analysis to determine the
effect of each on the results.
A final assumption is that

NFIP

borrowing is costless. In general, the

NFIP

can

borrow from the United States Treasury to fund any shortfalls necessary to pay claims.
However, this analysis will not disaggregate

NFIP -related

federal borrowing from general

federal borrowing whose effect on the broader economy is controversial and unresolved
(Hubbard, 2012).
These assumptions frame the analysis and structure the interpretation of results.
These assumptions also steer the estimation of the consumer surplus for flood insurance
found in chapter 4. Because of this, this analysis is ultimately about the interaction between
the consumer surplus for flood insurance and the change in government revenue from the
program.

7

1.4

Expected Outcomes

This research on the NFIP will result in a deeper understanding of NFIP and provide a framework for analyzing governmental insurance programs. If the results suggest that the

NFIP

has provided benefits exceeding its costs over its lifetime, the program is likely to continue
doing so, provided no substantial changes are made to the program’s implementation and
objectives and the time period analyzed is representative of the long term flood risk. It also
suggests that programs to provide or subsidize insurance against other types of natural disasters could replicate the model provided by the NFIP. It may also provide a model for other
nations in creating flood or disaster insurance programs in other nations with underdeveloped private insurance markets or chronic recurrence of certain types of disasters. Finally,
the results can provide information to policymakers working on

NFIP -related

issues, such

as the insurance subsidy for policyholders.
If the results suggest that the NFIP has not provided sufficient benefits to exceed the
costs to society, the program is then opened to questions about its efficiency, its efficacy,
and its place in society and this may result in challenges to redesign, scale down, or scale
back the

NFIP .

In addition to challenging the

NFIP

and expansions to the

NFIP ,

similar

programs should also come under greater scrutiny before being adopted and implemented.
Finally, if the NFIP does not pass a benefit-cost test, then the role of the private market and
its ability to deliver insurance services demanded by customers should also be analyzed to
determine the most effective means of providing insurance.
Finally, this analysis can set the path for future research on the

NFIP .

Numerous

evidence-based assumptions will be used which may be improved upon. This analysis can
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be the framework for more detailed analyses of the distributional effects of the

NFIP

or

more detailed analyses of the financial and economic implications of the program. If the
program should change, this analytical framework may be reapplied to understand both the
social costs and the distributional effects of the changed program.

1.5

Organization of this Analysis

This analysis is divided into chapters organized around the distinct research questions considered. Chapter 2 provides an outline of the prior research and literature on the

NFIP

and

the FMA programs.
Chapter 3 establishes a research design for estimating the NSB of the NFIP and FMA
programs. In addition, this chapter provides a sufficient statistic for estimating the

NSB

based on available financial and economic data for the programs. Chapter 4 estimates the
consumer surplus for flood insurance through the

NFIP .

Chapter 5 estimates the

NSB

as

described in chapter 3, provides a sensitivity analysis, and discusses the results.
Chapter 6 provides a revised research design, based on the previous design, describing a distributionally weighted BCA that is weighted by local jurisdiction income. The
chapter also implements that research design and provides a sensitivity analysis and results
discussion.
Chapter 7 describes a restricted research design that analyzes the change in the
federal government’s revenue from the impact of the

NFIP

and

FMA

programs on govern-

ment finances. The chapter also implements that research design and provides a sensitivity
analysis and results discussion.
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Chapter 8 provides conclusions and places the results of these analyses into context,
including limitations and directions for future research. Several appendices describing the
datasets used, providing example data, and a brief timeline of the NFIP and FMA programs
are included following these analyses.

CHAPTER 2

LITERATURE REVIEW

2.1

The National Flood Insurance Program

In 1966, Gilbert White led a task force for the United States Bureau of the Budget (BOB)
that recommended a comprehensive national approach to mitigating private flood losses
through an insurance program (Rumsey, 2010, pp. 56–63). White had suggested the idea
as early as his 1942 dissertation on floodplain management (White, 1942, pp. 202–204).
The task force’s report recommended many of the features associated with the National
Flood Insurance Program (NFIP) today, such as mapping of the floodplain and the management of floodplain development. However, the task force’s report also included a note
suggesting national flood insurance may lead to aggravated flood losses by encouraging unsound building in flood-prone areas. The task force’s recommendations were implemented
in 1968 and, since then, the NFIP has grown into a large monoline insurer with more than 1
trillion dollars in insured assets (Congressional Budget Office, 2009, p. 1). The program is
administered for the federal government by the Federal Emergency Management Agency
(FEMA).
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Aspect

Page Reference

100-year floodplain
Community Rating System
Federal mortgage requirement
Flood Mitigation Assistance
National Flood Insurance Program funding

11, 20
14
11
13, 17
12

Table 2.1: Overview of the NFIP and its aspects

The NFIP is a complicated program with multiple facets that affect an analysis of the
program. Those aspects are listed in table 2.1 along with page references for discussion.

2.1.1

Background of the National Flood Insurance Program

The 100-year flood is a flood event with a one percent annual exceedance probability each
year (United States Geological Survey, 2010). Smaller floods are more likely and larger
floods are also possible, though less likely. The 100-year flood is a measure of the intensity of flooding, not the frequency. The associated 100-year floodplain is the resulting area
inundated by a 100-year flood, typically along the coast or riverbanks. The 100-year recurrence interval rate is now a bright line in flood planning. References to the floodplain refer
to the 100-year floodplain unless otherwise specified.
FEMA

assesses risk and determines premiums for the NFIP through the Flood Insur-

ance Rate Map (FIRM), using aggregate historical flood data. The risk assessment process
is similar to techniques used by the private insurance market. Contiguous areas with similar risk profiles are then aggregated into areas called flood zones; participants in the NFIP
are assessed a premium based on their flood zone and associated risk profile (Burby, 2001).
FEMA

designates the area on the floodplain as the Special Flood Hazard Area (SFHA). If

they have a federally financed mortgage, policyholders for property within the

SFHA

pay

12
a higher premium for NFIP insurance and are required to purchase flood insurance through
the NFIP (Michel-Kerjan, de Forges, & Kunreuther, 2012). Federally financed loans include
loans issued by federally regulated banks, loans issued directly by a federal agency, or conforming loans for repurchase by a housing finance agency. In addition to requirements for
policyholders, an SFHA-designation can restrict new development.
The

NFIP

premiums are held in a dedicated fund, called the National Flood In-

surance Fund (NFIF), managed by the United States Treasury (O. W. Brown, 2010, p. 5).
FEMA

can invest the assets of the NFIF only in obligations of the United States government

or investments which are guaranteed by the United States. Congress considers the
an enterprise activity of the federal government. As a result, the debts of the

NFIP

NFIP

do not

directly add to the national debt. Further, Congress does not limit NFIP claims through the
normal budgetary process.
The
the

NFIP

NFIP

is primarily self-financed through premiums. If the premiums paid to

held in the

Director of the

NFIP

NFIF

are insufficient to cover current claims against the

NFIP ,

the

may borrow from the United States Treasury sufficient funds to pay

expenses. The NFIP does not purchase reinsurance through the private market to reduce its
dependency on Treasury loans, though Congress has not prohibited such purchases. When
necessary, the NFIP has used its line of credit to pay flood insurance claims (O. W. Brown,
2010, p. 5).
The NFIP is not actuarially sound due to two constraints imposed by Congress (Congressional Budget Office, 2009, p. 3). First, older dwellings receive a subsidized premium
rate and are not required to meet improved building and planning standards. Second, the
risk for extremely rare and severe events may not be adequately accounted for in the pre-
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mium (Bingham, Charron, Kirschner, Messick, & Sabade, 2006, p. 61). The constraints
lead the

NFIP

to collect insufficient revenue through premiums and investment of retained

earnings to meet expected expenses. The NFIP’s expenses are primarily payments of insurance claims to policyholders and administrative overhead fees paid to insurance brokers,
who provide local administrative services on behalf of FEMA through the Write Your Own
(WYO) program.

NFIP rates are actuarially determined based on the presumption all insured

properties meet the SFHA building standards. If a property does not meet the SFHA building
standards, it has less resiliency against a flood and is therefore at greater risk.
FEMA implements a program for flood damage mitigation as part of the NFIP . FEMA

partners with states and local communities through the Flood Mitigation Assistance (FMA)
program to develop methods of reducing the risk of flood damage (J. A. Bullock, Haddow,
Ergin, Westerman, & Yeletaysi, 2006, p. 277). Congress created the FMA program to reduce
the disaster assistance costs to the federal government caused by flooding. Another goal
of the

FMA

program was to reduce the cost of claims for flood-related losses. The

FMA

program operates through grants for flood mitigation planning and implementation. The
NFIP

funds FMA grants through the NFIF.
Participants need to be eligible to join the NFIP and may only join if their property

is in a community meeting certain requirements for flood mitigation and building codes,
both of which increase the resiliency of the community to floods by decreasing their frequency and impact.

NFIP

participants were limited to 250,000 dollars of flood insurance

coverage per claim during the study period.

FEMA

sets the coverage limit and periodi-

cally adjusts it to account for increased housing values. However, the coverage limit is not
inflation-indexed.
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NFIP policyholders in Florida make up more than 40 percent of all policyholders and

are frequently studied as part of

NFIP

analyses (Michel-Kerjan & Kousky, 2010). Michel-

Kerjan and Kousky used anonymized policyholder data provided by FEMA to answer questions about the flood insurance market. Michel-Kerjan and Kousky found 80 percent of all
NFIP

policies were for single family homes. Further, while the

NFIP

has deep penetration

within the 100-year floodplain, due to the mandatory purchase requirements; more than 18
percent of the policies in force in Florida were outside the 500-year floodplain, where there
is presumptively less risk of flooding. In addition, Michel-Kerjan and Kousky found 73
percent of homeowners had policies reflecting less than the maximum coverage. Finally,
Michel-Kerjan and Kousky note the number of policyholders increased following 2004, a
year with an exceptionally high number of hurricanes striking the state, consistent with
other studies linking purchases to flood experience.
There is also an element of community participation in the

NFIP .

Property owners

in communities which do not participate are ineligible to purchase NFIP policies, which has
a carry-over effect of denying access to federally subsidized mortgages and other propertyrelated programs (Shilling, Sirmans, & Benjamin, 1989). Participating communities agree
to adopt building and land use codes recommended by

FEMA

to reduce the flood hazard

risk within the community (Burby, 2001; Burby & French, 1981). When communities
meet minimum standards, property owners can join the NFIP. While building and planning
codes may reduce potential damages to new construction, zoning and building codes cannot
be enforced retroactively against already developed properties. Property owners of property developed before a community joined the

NFIP

still qualify for a subsidized premium

for flood insurance creating a disparity among property owners depending on when their
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property was developed.
Beyond minimum compliance,

FEMA

assesses communities through the Commu-

nity Rating System (CRS) (Brody, Zahran, Maghelal, Grover, & Highfield, 2007). Through
the

CRS , FEMA

gives points to local communities for exceeding the minimum standards

required to join the

NFIP .

As a community’s points increase, property owners receive a

greater discount on flood insurance up to 45 percent. However, participating communities
tend not to join the

CRS

program (Landry & Li, 2011) and there is little evidence that ex-

ceeding FEMA’s standards increases resilience or reduces flood damages. Communities can
incur expenses in revising and adopting compliant building and land use codes, beyond the
cost of meeting revised standards. Communities can receive assistance in complying with
community participation requirements by applying for FMA grants from FEMA.

2.1.2

The National Flood Insurance Program and Risk

One of the goals of the NFIP was to reduce the cost to the federal budget for flood recovery
and to share recovery costs with the policyholders. In 1794, Congress passed a bill providing compensation to unidentified victims of disasters (Landis, 1998). Federal disaster relief
became common between 1803 and 1947; D. A. Moss (1999) notes Congress passed “at
least 128 specific legislative acts offering ad hoc relief” from flood, fire, and other major
disasters. The
NFIP

NFIP

policyholders are likely to be the beneficiaries of disaster relief if the

did not exist and a flood occurred.
During the early part of the 1900s, fire insurance providers provided private flood

insurance policies, which were similar to general accident policies. However, private insur-
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ers abandoned the flood insurance market after a series of floods along the Mississippi River
in the late 1920s lead to the collapse of several regional insurance companies (Kunreuther,
2006).
Scales (2006) argues the lack of private insurance is a market failure due to several
aspects of the flood insurance market. The first aspect is the perceived market failure of
insurers ability to accurately measure risk of flood. However, the ability to accurately
measure flood risk has improved due to the NFIP and its floodplain mapping program. The
second aspect is adverse selection inherent in any insurance program. Adverse selection,
in the case of the NFIP, describes the phenomenon where property owners with little to no
flood risk are less likely to purchase flood insurance than property owners with substantially
higher risk. As a result, the average risk of the purchaser pool is higher than it might be
if more participants were involved. Additionally, there may be an assumption by some
property owners that the government will provide sufficient disaster relief in the form of
direct payments to victims of a significant flood event. Scales (2006), based on the work of
Kunreuther (2006), claims direct government disaster relief is not a motivating factor for
potential policyholders who choose not to purchase flood insurance, suggesting there is no
market failure basis for the NFIP.
In 2005, Hurricane Katrina demonstrated federal flood insurance coverage alone
was insufficient to secure policyholders following a major flood. Damage from Katrina
was caused by both wind and flood, including flood stemming from levee failure. Land
protected by a levee is administratively considered outside the floodplain and so has a lower
risk profile. Limitations on federal claims and the unwillingness of private insurers to pay
for storm-related damage left some policyholders unable or unwilling to rebuild. After
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the hurricane, affected property owners filed numerous claims against private insurance
policies and the

NFIP .

Private insurers resisted claims by property owners arguing all of

the damage to homes in Louisiana and Mississippi was caused by flooding (Horne, 2006,
pp. 249–253). The existing 250,000 dollar limit on payouts through the

NFIP

left many

without sufficient coverage to be made whole. Accordingly, property owners were unable
to completely cover their Katrina-related losses through insurance. Horne cites the case of
Senator Trent Lott of Mississippi who formulated a legal strategy that wind damage was
necessary to cause the amount of damage done to his home (Horne, 2006, p. 252), though
Lott’s efforts were largely unsuccessful (Luebken, 2008).
Private insurance and additional federal assistance have been used to rebuild New
Orleans after Katrina. Despite the limitations on federal flood insurance claims, Hurricane
Katrina still led to almost 17 billion dollars in payments to

NFIP

policyholders (Cooper

& Block, 2006, p. 289), approximately one-third of federal spending on Katrina recovery.
Further, private insurance policies paid approximately 30 billion dollars to policyholders in
the wake of Katrina for non-flood damage, such as wind damage. According to Comfort,
Cigler, Birkland, and Nance, total private and public recovery efforts, combined with private donations, were more than 150 billion dollars. The NFIP was approximately one-tenth
of all spending for recovery (Comfort et al., 2010).

2.1.3

The Flood Mitigation Program

Congress created the

FMA

grant program as part of the National Flood Insurance Reform

Act of 1994 (NFIRA) with the goal of reducing flood insurance claims under the

NFIP

(M.
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Moss, Schellhamer, & Berman, 2009). The

NFIRA

followed several large storms in the

Gulf Coast region in the early 1990s. The FMA program provides grants to state and local
jurisdictions for managing flood risks.
The

FMA

program operates through three overall grant types: project, planning,

and technical assistance (Fraser, Doyle, & Young, 2006). Project grants fund direct flood
mitigation projects, such as dams or beach replenishment. Planning grants fund procedural changes, such as improved building codes, which increase the resiliency of structures to
flooding. Technical assistance grants provide administrative funding to state and local jurisdictions for managing the FMA program. Technical assistance grants are similar to project
grants and grant recipients can convert them to project grants under certain circumstances.
Taken together, the FMA’s three grant types reduce the overall risk to the NFIP by ensuring
insured properties have some measure of flood protection. The FMA program is not funded
from general tax revenues, but instead is funded by a transfer from the
p. 25). Therefore,

NFIP

program participants indirectly fund the

FMA

NFIF

(King, 2005,

program linking the

two programs.
Despite the benefits of flood mitigation, it can change the behavior of property owners. Kousky found owners with increased risk are not necessarily more likely to purchase
flood insurance, except owners who are directly adjacent to a body of water (Kousky, 2008,
p. 105). Significantly, Kousky also found homeowners whose homes are protected by a
levee are less likely to purchase flood insurance, despite the failures of the levees to protect
New Orleans following Hurricane Katrina or to protect St. Louis during the 1993 Midwest
Floods (Kousky, 2008, pp. 124–125).

FEMA

maps will indicate a reduced flood risk for

an area protected by a levee if the levee meets

NFIP

standards for protection. Kousky’s
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findings suggest a certain degree of complacency among prospective policyholders when a
flood threat is not readily apparent or believed mitigated.
However, the findings regarding levees are open to challenge. Kriesel and Landry
(2004) found for coastal residents, a levee, seawall, or other flood protection structure
encourages potential

NFIP

participants to purchase a policy. Like Kousky (2008), Kriesel

and Landry conclude homeowners are more likely to purchase insurance as property moves
closer to a potential flood source. Kriesel and Landry’s results apply to residents in coastal
areas whereas Kousky’s results were derived from flood risk in St. Louis, Missouri, a
riverine flood risk. Homeowners may be more willing to interpret the flood control structure
for a coastal flood risk as a warning than they are for a riverine flood risk.
Others may not know of floodplain management concerns. Using a survey conducted among residents in communities participating in the

NFIP ,

12 percent or fewer of

responding individuals were aware of building codes to mitigate flood damage or land use
regulations to mitigate flood damage. Only one percent were aware of insurance mechanisms to manage flood risk. Of respondents who purchased flood insurance policies through
the

NFIP ,

only a quarter were aware of the subsidies provided by the government (Kun-

reuther et al., 1978, pp. 213–214, 236). The survey also shows homeowners are not apparently well informed or directly affected by the effects of neither the NFIP nor floodplain
management techniques.
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2.1.4

Floodplain Management, the Environment, and Moral Hazard

The floodplain provides protection against flood risk, for instance. A. Bullock and Acreman
(1999) performed a systematic analysis on the role of wetlands in providing protection,
finding a strong link with 23 of 28 studies showing floods delayed or reduced. Similarly,
Brody et al. (2007) collected information on the role of wetlands to argue wetlands “provide
natural flood mitigation by maintaining a properly functioning water cycle.” Increased
building on the floodplains and wetlands reduces the protection capacity by decreasing the
unbuilt environment.
Some contend the existence of flood insurance encourages building in flood prone
and environmentally sensitive areas as owners insure against losses they would not accept
on their own. If the NFIP is shown to encourage building on the wetlands and the floodplain
then this reduces the wetlands and floodplains capacity to protect against flooding. Such
building is implicitly subsidized by the
2006). Accordingly, if the

NFIP

NFIP

(Cutter & Emrich, 2006; McLeman & Smit,

did not exist, such building may be reduced due to the

lack of subsidized risk taking. Therefore, there is an environmental claim the

NFIP

causes

ecological losses.
The willingness or lack of willingness of community managers and property owners to use floodplain maps in making land use decisions also hampers the NFIP’s mitigation
goals. Since Hurricane Katrina in 2005, researchers have conducted a series of studies
to address the question of how the

NFIP

has influenced development potentially leading

to moral hazard. Martin (2008) found evidence development was directly encouraged by
the flood insurance subsidy based on a study of Ocean City, Maryland.

NFIP

policies for
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buildings built after 1974 are required to be actuarially sound, but not for structures built
before. Prior to the NFIP, the risks associated with replacement cost for structures in Ocean
City made them prohibitively expensive to construct (Martin, 2008, p. 54). The presence
of insurance allowed Ocean City and other cities on Maryland’s Eastern Shore to become
vacation destinations for residents in the Baltimore-Washington region through the construction of insurable and insured housing units. Martin (2008) goes on to explain the
Coastal Barrier Resources Act of 1982 (CBRA) reduces the NFIP subsidy in high risk areas
through new rules.
Purchasing insurance can lead to moral hazard, a condition “which occurs when
insurance creates incentives for people to behave in inefficient or even fraudulent ways”
(Frank, 2006, p. 211). Boulware (2009) argues the

NFIP

creates a moral hazard by en-

couraging development through underpriced insurance and underwriting. Through survey
results, Boulware (2009) finds survey respondents who perceive a greater flood risk than
exists are more likely to voluntarily purchase flood insurance through the

NFIP ,

which the

author calls the “operational definition of adverse selection” (Boulware, 2009, p. 163).
The economic effects of the NFIP also appear to include effects in the prices of existing homes. In 1994, R. S. Griffith studied the effects of mandatory flood insurance purchase requirements on the real estate market in Abilene, Texas, using policy-in-force data
from

FEMA

and property information from the tax appraisal process. Her study assumed

floodplain mapping and purchase requirements together reduce real estate development
on the floodplain. However, she discovered while home purchasers do not discount their
purchases in the floodplain in response to risk, sellers do discount their price in response
to required insurance purchases (R. S. Griffith, 1994, p. 124). She also found mortgage
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lender-enforcement of flood insurance reduced the purchase price by an average of 4000
dollars.
The R. S. Griffith study agrees with a later study by Bin, Kruse, and Landry (2008),
which showed a significant decrease in the price of sold property located on the designated
floodplain. Their results showed a 7.3 percent discount in housing values for a property
on the 100-year compared to properties located on the 500-year floodplain, a lower-risk
designation (Bin et al., 2008). At the same time, there is also a strong correlation between
coastal amenities (beachfront property, views, and cultural activities) and flood risk. An
earlier study by Bin and Polasky (2004) also found the effects of Hurricane Floyd (1999)
increased the discount for properties located on the floodplain.
For example, in 2001, Pierce County, Washington, including a substantial portion
of the Seattle suburbs, undertook comprehensive planning. Though flooding is a primary
hazard, land use planning efforts did not consider flooding in the comprehensive plan. One
planning professional admitted not knowing “Pierce County was participating in the National Flood Insurance Programme’s Community Rating System (CRS) programme” (Godschalk, Brody, & Burby, 2003). Though the unnamed planner was also responsible for implementing the comprehensive plan for development, the planner did not take into account
floodplain management. A community task force instead developed the comprehensive
plan, ignoring floodplain management.
Kousky (2008) found real estate development in Chesterfield County, Missouri,
may have been driven by poor information about the flood risk, similar to the situation in
Pierce County. Following initial development, new patterns may take hold and be driven by
a changed threat perception following a catastrophic flood (Kousky, 2008, p. 182). Kousky
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notes

FEMA

has made great strides to make more information about flood risk to specific

parcels of land available, however, there is no research available to determine its effectiveness in modifying homeowner behavior.
In addition, courts have limited the ability to enforce federal requirements to manage the floodplain responsibly. In 1985, the United States Department of Justice (DOJ) sued
the Parish of St. Bernard (later devastated by Hurricane Katrina) to enforce the flood mitigation requirements of the NFIP. In the St. Bernard case, the courts limited the enforceability
of

NFIP

flood control measures to the claim the government can sue a local government

on behalf of its policyholders (Herke, 1993).

FEMA

and the

DOJ

were left with almost no

judicial remedy for communities which fail to comply with flood mitigation requirements.

2.1.5

The Willingness-to-Pay for Flood Insurance

When voluntarily purchasing insurance, a policyholder implicitly evaluates their risk tolerance. However, many of the

NFIP

policyholders do not voluntarily purchase insurance in

the traditional sense. Rather, policyholders are required to purchase the insurance as a condition to obtain certain mortgages under the Flood Disaster Protection Act of 1973 (FDPA).
Lenders may also require flood insurance for mortgagees beyond the legal requirements.
Policyholders are not entering into the purchase freely because they are a requirement for
another transaction. Policyholders voluntarily choosing to purchase flood insurance are
placing a type of bet on the likelihood of an event related loss, independent of other purchases.
In the case of the

NFIP ,

the policyholder is betting their expected losses due to
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flood and the value of reduced uncertainty are greater than the amount they will pay in
policy premiums during the policy lifetime. A nonpolicyholder is betting expected losses
and value of reduced uncertainty due to flood will be less than the amount paid in policy
premiums over the policy lifetime. In both situations, neither party knows the outcome a
priori but both have the opportunity to evaluate the relative risk. The betting analogy lends
itself to understanding risk tolerance (Nicholson, 2004, pp. 539-41).
Suppose a potential policyholder may purchase actuarially fair insurance, meaning
the expected net pay-off is zero. If the policy is actuarially fair, a policyholder can pay a
smaller amount in premiums regularly and will have a large loss compensated by the insurance policy. A non-policyholder would make no smaller payments, but have no recourse
for sudden or large losses, either. However, if the insurance policy is actuarially fair, the
annual expected losses for both the insured and noninsured are identical and have an expected value of zero dollars. Insurance is the smoothing of income for the policyholder,
because it creates a regular and predictable expected loss in the premium, reducing the loss
variance over time (Boardman, Greenberg, Vining, & Weimer, 2010, p. 173).
For required participants, the premium is a fixed cost necessary to acquire property
in the floodplain. Therefore, holding an insurance policy through the

NFIP

may provide

some value, but does not necessarily equal or exceed the premium, calling into question
empirical estimates of the willingness-to-pay (WTP) for flood insurance based on studies of
policyholders who are required to purchase insurance. For the voluntary participants in the
NFIP ,

the analysis above likely holds.
A 1997 study of homeowners in Nevada looked into the flood insurance decision

process. The survey found among

NFIP

policyholders, the most important reason was the
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mortgage requirement, followed by actual concern about flood risk. Less than ten percent
of policyholders mentioned the cost of insurance or the use of governmental aid (Yildirim,
1997, p. 47). Survey respondents who were not

NFIP

policyholders gave reasons ranging

from a lack of requirement for a mortgage and damage would not likely exceed the premium
for insurance. Less than half of survey respondents who had previously endured a flood had
purchased flood insurance (Yildirim, 1997, p. 50). A similar study showed half of all NFIP
participants terminated their insurance policies after two years (Michel-Kerjan et al., 2012).
Sociological factors also play a role in determining how individuals react to the
option to purchase flood insurance. Early in the history of the

NFIP ,

a researcher at Mis-

sissippi State University researched the differences in perception between flood losses and
fire losses. Cheatham (1975) discovered in a survey of businessmen in Columbus, Mississippi, that flood damage is perceived to be less than a total loss and there tends to be
advance warning of a pending flood hazard whereas fires are perceived as a total loss and
occur spontaneously. In addition, “individual disasters like fire, theft, etc., do not qualify a
business for federal disaster relief like natural disasters” (Cheatham, 1975, p. 47). The differences in expectations between traditional insurable events and flood losses explain some
of the reason individuals or homeowners may be less willing to purchase flood insurance
when mortgage lenders do not require it.
Researchers also found experience with prior floods correlate positively with purchasing insurance through the

NFIP .

Moore and Cantrell (1976) found experience with

Hurricane Agnes in 1972 increased the likelihood of community involvement in the

NFIP

through both floodplain management planning and NFIP adoption rates (Moore & Cantrell,
1976). Experience with prior flood events remains a constant theme when studying

NFIP
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adoption rates.
Federal law also provides disincentives to participate in the

NFIP .

In a 1994 law

review article, C. T. Griffith (1994) argues the Disaster Relief Act of 1974 (DRA), which
gives the president power to declare federal disasters and disburse aid following such a
declaration, provides a disincentive to potential

NFIP

participants. The author explains

since individuals are permitted to use disaster assistance under the
without taking mitigation measures, the
provided by the

NFIP

DRA

DRA

multiple times

provides the disaster aid which should be

(local governments, however, must hold insurance policies when

seeking subsequent aid under the

DRA ).

The author also notes it is feasible for the

DRA

and NFIP programs to complement each other rather than working at cross purposes since,
at the time of the article, seven percent of the U.S. population lived on land declared on the
floodplain while ninety percent of all federally declared disasters were flood related.

2.1.6

Distributional Impacts of Flood Insurance

Distributional factors come into play with the NFIP, as well. At the start of 2010, there were
8.6 million people living within the 100-year Coastal Flood Hazard Area (CFHA), which
is the part of the

SFHA

established by the

subject to coastal flood risk as opposed to riverine flood risk, as

FIRM

(Crowell et al., 2010). With such a large population subject to

potential flood hazard, there is significant opportunity for the macrosociological effects of
both the flood hazard and the NFIP to become apparent.
As previously shown, there is a subsidy granted to homeowners in communities
choosing to participate in the NFIP. A study by Shilling et al. (1989) in the late 1980s stud-
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ied the effects of wealth transfer through the

NFIP

(Shilling et al., 1989). Their research

used data provided by the Multiple Listing Service (MLS)1 to estimate the effects on property values of the availability of flood insurance. The data show two key results on wealth
transfer patterns. First, a house sitting in a floodplain is estimated by Shilling et al. (1989)
to sell at an 8 percent discount compared to the same house not located in a floodplain.
Where

FEMA

declares the floodplain to lie can directly influence the valuation of homes.

Home purchasers might trade off risk for property character, such as purchasers who might
seek waterfront property with a view knowing there is an increased risk of flooding. A hypothetical home spared the SFHA declaration due to being just outside the floodplain area,
though of only marginally lower risk than its immediate neighbor, is on average worth eight
percent more than a comparable property on the floodplain.
Second, in 1987, there was a 4 billion dollar wealth transfer nationally in favor of
NFIP

policyholders through the

NFIP

(Shilling et al., 1989). The wealth transfer is worth

approximately 2000 dollars per insured property when the homeowner is provided subsidized insurance. Homeowners paying actuarially sound rates for flood insurance through
the NFIP can expect to repay their real losses through the premium. Homeowners with subsidized insurance through the NFIP pay less than their real losses, based on largely arbitrary
standards. Since the Shilling study, there have been numerous changes to the

NFIP ,

but

the subsidy is still available to many policyholders through grandfathering and other limits
placed on the NFIP by Congress.
Other studies of pricing models for homes located in floodplains tell a similar story.
Kousky (2008) found homes within the 100-year floodplain around St. Louis were priced
1

The MLS is a system for cataloging real estate available for sale.
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at a discount apparently reflective of the relative risk of flooding following the 1993 Midwest Floods. Since homes in the 500-year floodplain showed no discount reflective of risk,
Kousky (2008) suggests the discount may stem from the insurance requirement imposed on
homes within the 100-year floodplain imposed by the

NFIP .

Regardless of the discount’s

cause, Kousky (2008) argues providing more information to purchasers gives home purchasers better pricing information and suggests

FEMA ’s

100-year floodplain may not be

accurate enough (Kousky, 2008, pp. 44–46).
Other flood control measures can alter the value of a home. Holway and Burby
(1990) found for vacant land protected by a flood control structure, such as a levee, the
land value increased by almost 700 dollars per one thousand square feet of land (Holway
& Burby, 1990). The increase to vacant land values can drive up the value of a home as
the cost of land under a structure can be a significant portion of housing costs (Sirmans,
Macpherson, & Zietz, 2005). In addition, vacant lots which had experienced a flood during
the five years prior to the study lost almost 300 dollars in valuation per one thousand square
feet of land.
Flood events can also affect personal finances. Research conducted in 2005 reviewed 18 major hurricanes and tropical storms from 1983 through 2004 and determined
personal bankruptcy filings increase almost 50 percent more quickly in states which are
directly damaged by hurricanes (Lawless, 2005). Lawless found larger claims following
a hurricane were correlated with a smaller increase in bankruptcy filings, though the analytical techniques used by Lawless were overly simplistic. Without greater information
about the relationship between bankruptcy filers and flood insurance policyholders, it is
not possible to draw firm conclusions.
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Bin, Bishop, and Kousky (2011) studied the income and expenses of the

NFIP

and

found the premium charged to policyholders is regressive, meaning amounts charged increased less than proportionally with policyholder income as policyholder income rose. In
contrast, the amounts the

NFIP

paid on claims were progressive (Bin et al., 2011). The

authors found neither the regressivity nor the progressivity extreme and, over time, the differences between the payments, premiums, and income smoothed. The results suggest the
NFIP

is not subject to distributional pressures and it may be considered fair to insurance

participants from the standpoint of social inequality.

2.1.7

Recent Changes and the Future of Flood Protection

Because of the devastation of Hurricane Katrina in 2005 and Hurricane Sandy in 2012,
the future of the NFIP has returned to the policy agenda. Several changes to the NFIP have
occurred and more are under informal and formal consideration by Congress. In 2012, the
Biggert-Waters Flood Insurance Reform Act of 2012 (BWFIRA) included substantial reforms to the NFIP and its administration (Orie, 2013). The BWFIRA changes allow lenders
to include

NFIP

tivities within

premiums in mortgage escrow accounts and consolidates mitigation ac-

FEMA .

Including

NFIP

premiums in mortgage escrow accounts is meant to

reduce the substantial historical rate of dropped coverage after initial purchase by giving
mortgage lenders the ability to monitor coverage maintenance. Otherwise, the mortgage
lender has no ability to ensure coverage continues. However, several changes can affect
the economic impacts of the

NFIP .

One change includes the removal of subsidies for cer-

tain properties developed before the

FIRM .

Other changes will require reform of the

WYO
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program for insurers.
However, others suggest more work is necessary. A study conducted by Anderson
considered the effects of development on floodplain management and recommended policies to improve floodplain development (Anderson, 2006, pp. 92–93). One suggestion was
to require all property owners within the floodplain to purchase insurance through the NFIP,
instead of just owners with a federally financed mortgage. Another suggestion was to set
federal requirements on permissible uses for development on the floodplain. Finally, the
author suggested an incentive scheme to guide state and local jurisdictions in implementing
better floodplain management schemes.
In response to concerns about wind damage versus flood damage, a move to add
wind damage coverage to the

NFIP

failed in 2008 when the Flood Insurance Reform and

Modernization Act of 2008 (FIRMA) passed both houses of Congress but was vetoed by
President George W. Bush. As illustrated by Horne (2006), separating wind damage from
flood damage can be difficult or even arbitrary in some cases, so a joint insurance scheme
does not seem unreasonable on its face. A further concern raised by M. A. Brown is the
potential for political pressure to drive the price of wind insurance below actuarial rates,
which would further push the NFIP into debt (M. A. Brown, 2010). There could be political
effects if the

NFIP

adds to its borrowing and the

NFIP

fails to bring sufficient revenue to

meet its obligations and losses. The NFIP may be unable to borrow from the United States
Treasury as the debt grows beyond its financial capacity to repay and may require a bailout
by Congress to prevent a default.
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2.2
2.2.1

Benefit-Cost Analysis Literature
Benefit-Cost Analysis and Policy Objectives

The benefit-cost analysis (BCA) perspective provides unique insights to a public policy
question. In balancing both the economic and social impacts of a program, BCA quantifies
and measures the impacts to determine whether the program has a net social benefit, given
transparent but not universally agreed upon rules for aggregation. Put simply, BCA is a tool
to determine if a program contributes more to society than the program costs. In the case
of the NFIP, BCA is different from testing the original objective, reducing the burden on the
federal budget caused by flood events. The economic and social impacts measured allow
a

BCA

to synthesize direct transfers, economic gains and losses caused by a program, and

the value of social objectives which may be inherent in a program.
The consumer surplus is a key concept in benefit-cost analysis as it seeks to measure how much individuals value goods or services. However, it can be difficult to estimate
the consumer surplus for the NFIP because there is no functioning private market for flood
insurance and many NFIP participants are not voluntary. Many public policies provide public goods for which no functioning market exists. As a result, many analysts impute a
consumer surplus for some good based on information available in secondary markets or
surveys of potential program participants. The consumer surplus is based on the

WTP

and

the WTP is a variable figure, depending on who is paying, their perception of the perceived
impact of a good, and whether there has been a recent impact (Freeman, 1989). The consumer surplus for flood insurance is a challenge for the

BCA

practitioner who must find

reasonable approach to estimation. The consumer surplus is discussed in greater detail in
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chapters 3 and 4.
Another obstacle to BCA policy analysis is measuring the distributional effects of a
policy or program. The default analysis of a BCA assumes the costs and benefits attributed
to all parties are treated equally (Office of Management and Budget, 1992). However,
distributional concerns are a major focus of public policy and the political process. Understanding effects is key to understanding a program’s effectiveness, because a program
can affect different individuals identically, but have different net effects depending upon
the person’s socioeconomic class. Further, different effects derive from theoretical implications based on socioeconomic class and estimating impact weights for different socioeconomic classes is a politically charged question. While there are varieties of approaches
to weighting distributional impacts, there is no universally accepted standard approach.
The two obstacles to the BCA process have a particular importance when measuring
the costs and benefits associated with the NFIP. Estimating the consumer surplus for flood
protection is a particular challenge as flood protection is required for some, and part of
its purpose is to reduce ad hoc payments from the public budget. Additionally, there are
disparate and diffuse impacts of the program across the many socioeconomic divisions.
Both problems impede the successful completion of a
problems, a
NFIP

BCA

of the

NFIP

BCA

of the

NFIP .

Despite potential

will provide information useful for understanding how the

operates, whom it affects, how they are affected, and how the NFIP might be changed

to better serve society.

33

2.2.2

Benefit-Cost Analysis of Flood Programs

Flood risk measures are a natural application for
fitting. Congress first required the use of

BCA

BCA

and the use of

BCA

is historically

when evaluating flood control projects by

the United States Army Corps of Engineers (USACE) in the Flood Control Act of 1936
(FCA). Arnold (1988, p. 91) states “[t]he only limitations on federal flood control projects
were that the economic benefits had to exceed the costs” other than other certain other
limitations on local support for the project. In the
benefits, though

USACE

FCA ,

Congress required positive net

had performed flood mitigation for more than a century at the

time.
The Office of Management and Budget (OMB) requires a favorable BCA of new economically significant federal rules, supported by presidential Executive Order 12866 (EO
12866) and reaffirmed by Executive Order 13563 (EO 13563). Pursuant to the requirements, FEMA requires new flood control efforts sponsored under the FMA be supported by
a

BCA

conducted in accordance with

OMB

regulations. As a result,

FMA

projects have al-

ready been subject to a BCA. The guidance standards from the federal government are more
complex for flood mitigation activities. A circular from Office of Management and Budget
(1992, p. 4) sets the guidelines for federal

BCA

estimates, but specifically excludes water

projects, which includes flood mitigation projects developed under both FEMA and USACE.
BCA

for water projects are required to use separate guidelines developed by the United

States Water Resources Council (WRC) (Water Resources Council, 1983), a governmental
advisory panel composed of several federal department heads.
The standards developed by the WRC focus on economic development, a goal con-
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sistent with the goals of the NFIP. Nevertheless, the WRC document only applies to USACE,
the Bureau of Reclamation (BOR), Natural Resources Conservation Service (NRCS), and
the Tennessee Valley Authority (TVA);
requirements and standards for

BCA

FEMA

is not covered by the

WRC

standards. The

of flood mitigation projects changes based on what

agency is performing the analysis. Beginning in 2008,

USACE

began a comprehensive re-

vision to water project assessment designed to provide principles and standards which can
then be implemented by federal agencies in a mission-specific manner.
The National Academy of Science (NAS), through the National Research Council
(NRC), has commented on the proposed revisions to

BCA

for water projects. In particular,

the NAS has noted BCA is a required component of the decision making framework but does
not specify how it is to be used (National Research Council, 2010, pp. 12-13). The

NAS

further criticizes the implementation of BCA by USACE in noting the revisions continue historical practices of assuming how to monetize benefits and costs and by miscounting certain
zero-sum transfers as benefits accruing in favor of a project.
USACE

NAS has previously challenged

on its implementation of BCA for water projects, going so far as to criticize its over-

reliance on monetized benefits and costs and lack of its independent focus on social and
environmental costs and benefits of USACE-managed projects (National Research Council,
2004, pp. 70-72).
There have been other attempts to estimate the value of flood protections through
BCA

independently of the

FMA

and

USACE

processes. Ramirez, Adamowicz, Easter, and

Graham-Tomasi (1988) analyzed the value of a flood control project in Rushford, Minnesota. The 1958 Flood Control Act authorized a flood control project in Rushford due
to nearly annual flooding of two nearby rivers. The authors found the Rushford project
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suitable for an ex post

BCA .

Ramirez et al. (1988) discovered the ex post

efits were higher than the ex ante

BCA

BCA

flood ben-

benefit estimates. According to the authors, the

increase in ex post benefits was due to revised damage estimates available after economic
growth within the subject community. The economic growth came after the original project
estimates. Within their sensitivity analysis, the authors acknowledged the uncertainty surrounding community growth.
Through the American Institutes for Research (AIR) evaluation of the
Coulbourne, Marshall, and Rogers, Jr. (2006) used

BCA

(NSB) of the building standards component of the

NFIP .

NFIP ,

Jones,

to analyze the net social benefits
The building standards compo-

nent is part of the requirements for participating communities and requires communities
set building standards to be able to withstand a minor flood, with flood waters less than
the 100-year flood, before participants in the community can join the insurance component. Jones et al. (2006) found buildings constructed to new

NFIP -mandated

standards re-

duced damages compared to pre-FIRM buildings and the benefits of meeting the new standards generally outweighed the costs on an individual building level (Jones et al., 2006,
pp. 89–90).
However, BCA is not necessarily the best option for analyzing the value of environmental programs. Yasui (2005) analyzed the traditional methodology of BCA with respect
to risk management in the context of ecological regulatory decision making. Yasui argues
BCA

presents minima and maxima from potential implementations of regulatory options

without significantly considering points in between and Yasui also argues stakeholders with
relatively small benefits or costs may be ignored from an analytical perspective. Though
Yasui argues for alternative regulatory decision making frameworks, Yasui actually points
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to more circumspect analysis within the

BCA

process, especially in the standing determi-

nation, where whose benefits and costs are counted in the analysis is decided.
Ultimately, the measure of risk is the combined effect of the probability the event
will occur and the damage likely to be caused by the event. With flood risk, both are difficult
to estimate (Bouma, Franois, & Troch, 2005). Flood probability stems from hydrological
and other environmental factors. Bouma et al. point out it is difficult to estimate flood
risk “without some major flood to anchor their perceptions.” On the other hand, it is very
difficult to measure the socioeconomic value of the damage a flood can cause. Actual flood
risk, a key component of any measure of the potential costs of a flood, can be very difficult
to estimate.
The problems with measuring risk illustrate the problem of estimating the value of
flood mitigation projects. A flood mitigation program will have diffuse impacts, beyond
the immediately protected homeowners (P. H. Brown, Tullos, Tilt, Magee, & Wolf, 2008).
There will be costs imposed on local governments which gain or lose revenue and face
expenditures, but are not faced with the major costs following a flood. There will also
be impacts on the property values depending on protection levels. The diffuse impacts
are difficult to identify because of their far-reaching effects, going beyond the analysis
normally provided in an environmental impact assessment.
P. H. Brown et al. (2008) argues for a multidisciplinary approach to measuring the
net benefits of a dam project and argues it is applicable to other flood control devices. A
multidisciplinary approach agrees with the work of Godschalk, Rose, Mittler, Porter, and
West (2009) who, when looking at all

FEMA

disaster mitigation strategies, concluded un-

derstanding broad social implications of a disaster was necessary and could include qual-
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itative studies in addition to quantitative. Accordingly, a

BCA

incorporating sociological

and political impacts is the best methodological approach for analyzing the

NFIP

from the

policymaker’s perspective. The policymaker can determine the effects of the program not
just on participants but also compared to the intended consequences, especially when a
program was created to relieve the administrative and financial burden on certain named
groups of program participants.
Godschalk et al. (2009) also found a larger analytical basis is necessary when looking at disaster mitigation. Geographic and temporal spreading allow risk to smooth through
both space and time, creating more accurate averages for measuring risk. While there is
some concentration of both participation and risk to the NFIP in Florida, the NFIP is accessible and required in some circumstances across the United States.

2.2.3

Distributional Analysis and Benefit-Cost Analysis

A key assumption in calculating the net benefits of a project using BCA is the Kaldor-Hicks
criterion (Boardman et al., 2010, p. 32). Kaldor-Hicks presumes an option is economically
efficient if those who benefit could, in theory, compensate those who incur the costs of the
policy change. However, the benefits and costs of a policy may distribute across society affecting different social or income groups in different ways based on certain characteristics.
A change in distributional weights can change the outcome of a BCA.
Measuring impacts by wealth or income is an aspect of modern applied BCA. Many
believe a dollar is worth more to a person with lower wealth and income because of a
greater value to purchase necessities whereas a wealthier person may save or spend on
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something beyond a basic expense. Others believe a dollar in the community has the same
value regardless of the holder since it contributes the same amount to society. Differing
viewpoints on equity complicate the practical application of

BCA ,

with respect to how

distributional analysis should be performed (Harberger, 1978), but distributional analysis
may be appropriate when costs or benefits are systematically allocated unevenly across
society.
An example of this tension comes from health hazard research. Viscusi (2000)
points out “[m]ore affluent individuals will have a greater willingness to pay for protection”
than individuals with lesser means (Viscusi, 2000) since the WTP for a good or service also
depends on the purchaser’s budget constraint. However, the benefits of a program like the
NFIP

may be of greater value to policyholders less able to protect themselves. Because

someone with lower income likely has a higher marginal utility of income, a dollar’s worth
of benefits may be of greater value to them. Distributionally weighted

BCA

attempts to

capture the impact of variable marginal utility for income.
Farrow (2011) examined the requirements of OMB for distributional analysis in BCA
and discovered

OMB ’s

requirements lack details and leave implementation to the analyst.

In the course of study, Farrow provided simple recommendations for analysts including the
use of a distributional sensitivity test when conducting BCA. The distributional sensitivity
test, like other sensitivity tests, subjects the assumptions of the BCA to a range of values to
determine how the net social value changes. Rather than adjusting an input, the distributional sensitivity test focuses on the impacts’ assessments by social group. Equity concerns,
however, justify the use of distributionally weighted BCA by using weighted costs and benefits to distinctly value the impacts on diverse groups with standing. Someone with greater
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wealth will receive less weight to a cost associated with purchasing food, for instance, since
their needs will have already been met (Harberger, 1978).
Despite the reasons for using a distributionally weighted analysis, selecting a distributional weightset is a complex and subjective process. Boardman et al. (2010, p. 497)
explain the motivations behind distributional analysis suggest and weighting based on
marginal utility. However, it is not possible to capture the demand curve for every distinct individual and there is no agreement on the value of change in income for a good
or service beyond “most persons would, perhaps, agree that the relation is positive and its
magnitude is larger for low-income than for high-income persons.” Therefore, an objective
approach to weighting based on the individual marginal utility is not possible, Selection
complexity opens the field for multiple potential weightsets and allocation methods.
One method might order groups by their respective incomes and relates to the Gini
coefficient. The Gini coefficient represents the deviation from an exactly equal distribution
of income among a population (Lambert, 2001, pp. 27–29). A group where all members
received an equal income has a Gini coefficient of zero. The Gini coefficient increases as
the disparity in income amongst members of the group increases. For instance, the counties of the United States could be ordered by their median incomes providing an income
distribution curve by geography. This approximates a Lorentz curve for the United States.
In general, the Gini coefficient is two times the area between the observed Lorenz curve for
a given group and the curve representing perfect equality. For example, figure 2.1 shows an
area shaded pink, which is the area between the line of equality and a hypothetical observed
income distribution. The blue area in the plot is the area under the Lorenz curve. Given the
relationship between the Gini coefficient and the Lorenz curve, and the existing selection of

Percentage of Income Earned
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Percent of Households

Figure 2.1: Lorenz curve

group ordering by average income, a weightset based on the Lorenz curve is possible. One
such weightset, based on the work of Atkinson (1970), uses income to establish multiple
tiers, such as quintile groups, and assigns each tier a weight. Quintile groups in the higher
income tiers receive a lower weight, though weights remain non-negative.
As pointed out by Farrow (2011), estimates of the Atkinson inequality measure
are produced by the United States Census Bureau (USCB). Generating weightsets based
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on Atkinson’s work relies on establishing a value, ✏, which defines an inequality aversion
metric. For common values of ✏ = {0.0, 0.25, 0.5, 0.75, 1.0}, weightsets are available
which provide five weights for incomes grouped by quintile, which measures the aversion
to income inequality. Changes in the value of ✏ can lead to dramatic differences in the
income inequality measure for a given population, depending on how income is dispersed
(Lambert, 2001, pp. 127–130). Therefore, it is reasonable to use multiple distributional
weightsets as a part of sensitivity analysis (Boardman et al., 2010, p. 501)

2.2.4

Governmental Revenues

Government revenues are influenced by moving to a system where the beneficiary pays
some or all of the costs associated with flooding. The NFIP reduces costs to the government
and the general public (Sarmiento & Miller, 2006, p. 65) because part of the flood recovery
effort is prefunded by policyholders. After enacting the National Flood Insurance Act of
1968 (NFIA), Congress no longer needs to provide direct compensation to some affected
individuals after a flood disaster. Further, because the funds for insurance come from a
dedicated source, premiums, there is no burden on the general federal budget to provide
compensation. The NFIP provides significant savings to taxpayers not affected by flooding.
Because policyholders are unable to purchase flood insurance on the private market absent
the NFIP, they either self-insure or go without.
However, the

NFIP

is not a solution to government funding disaster relief directly

from tax revenue. When a major disaster causes a shortfall, the

NFIP

is forced to use its

credit line with the Treasury. Its borrowing capability, while constrained by Congress, does
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require the direct intervention of the government. A shortfall happens every three to four
years, as documented by King (2005) and the

NFIP

Treasury ever since Katrina. Administering the

has been in debt to the United States

NFIP

through a separate fund allows for

easy segregation of funds from tax revenues. However, the separate fund hides a large debt
of the United States government. Hurricane Sandy, which damaged the East and Northeast
coasts in late 2012, has exacerbated the problem as the

NFIP

hit its debt ceiling before

Congress raised the limit. This analysis will assume there is no cost to financing the NFIP’s
borrowing, though this is a subject for further study.
The impacts of the

NFIP

and

FMA

programs on government revenues can be con-

sidered a kind of distributional analysis focusing on the impacts to government. Such an
analysis would evaluate government income and expenses and determine, in a financial
sense, how much money the government spends and saves due to the programs. A distributionally weighted analysis which only includes the costs and benefits to government would
also answer the question of whether or not the programs have saved the government money,
overall, one of the stated objectives of the programs.
In addition to the direct costs and revenues experienced by the government, taxation
effects the broader economy, that is part of

BCA

(Hines, 1999). The marginal excess tax

burden (METB) is the deadweight loss to the economy caused by taxation (Boardman et al.,
2010). The OMB justifies the METB on the basis that taxes “generally distort relative prices”
causing a loss in welfare (Office of Management and Budget, 1992, p. 13). In the general
case, taxes distort the economy by changing the prices of goods and services away from
equilibrium prices. This introduces a market inefficiency when the price changes. The
inefficiency causes the market to purchase less of the good or service. Both consumers and
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producers directly or indirectly affected by the tax experience this loss. In the case of a tax
on labor, such as an income tax, less is produced. Accordingly, there is a marginal decrease
in the good service or labor produced and the effects of a tax can be measured through the
METB .
OMB

recommends using a fixed value of 25 percent for public benefit projects (Of-

fice of Management and Budget, 1992, p. 13). Other studies have suggested different values
for the METB. Boardman et al. (2010) summarize several studies looking at the METB and
claim for income tax funded projects, such as ad hoc disaster relief, the best estimate for
the METB is 23 percent with a range of 18 to 28 percent (Boardman et al., 2010, pp. 432–3).

2.3
The

Closing Remarks
NFIP

is a well-studied program with substantial economic effects. Many effects have

a social dimension, where the effect has a different impact depending on the socioeconomic status of the recipient.

BCA

is a tool to analyze programs and can accommodate the

complicated social analysis involved with the NFIP.

CHAPTER 3

RETROSPECTIVE ANALYSIS: STRUCTURE

This analysis uses benefit-cost analysis (BCA), to examine and value the impacts of the
National Flood Insurance Program (NFIP). The net social benefits (NSB) of a policy, the
total benefits minus the total costs, is a monetary figure, usually measured in dollars. If the
value is positive, there is a net social benefit to the program. If the value is negative, there
is a net social cost to the program. The NSB of a policy can be compared to the status quo
if not the current policy, other proposed policies, and against no alternative.
In practice,

BCA

is complex to implement due to the many assumptions necessary

for a comprehensive and meaningful analysis. Determining whose benefits and costs to
value can have political and empirical ramifications. Valuing impacts, which may or may
not occur directly in markets, stretches the limits of economics. Forecasting impacts for a
state of the world that does not exist can be difficult. Most analyses are open to critique
based on the decisions made by the analyst, although guidance exists from federal agencies
and professional practice to provide a set of standards for analysis (Boardman et al., 2010;
Office of Management and Budget, 2003). The results of an analyst’s decisions can be
tested through sensitivity analysis, which examines how the outcomes change for different
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inputs.
Before moving into the steps of the BCA process, it is necessary to define the characteristics of the

NFIP

to analyze. The

BCA

will consider the

NFIP

and Flood Mitigation

Assistance (FMA) programs together, and produce a combined estimate of the

NSB .

Pro-

grammatic interdependence requires a combined analytical approach because the FMA program draws funding from the

NFIP

reserves. In exchange, property owners must live in

communities meeting certain mitigation standards in order to purchase NFIP insurance and
FMA

program grants are used to meet mitigation standards.
The base case for the

BCA

will be the status quo of the

NFIP

program in place

and operating as it did from 1996 through 2010. The alternative case considered is the
hypothetical situation where the program did not exist and no comparable private flood
insurance provider entered the market. It is extremely difficult to construct an effective and
accurate counterfactual for economic and policy analysis. This analysis is not an exception
because the program has existed for several decades and the state of the world in its absence
is not known. This analysis addresses the issue by capturing the differentials existing due
to the program rather than directly measuring the total costs and benefits from each case.
This analysis will find the

NSB

of the

NFIP

and

FMA

programs in 2010. In addition, the

long-term NSB of the programs from 1996 to 2010 is calculated to 2060.

3.1

Research Question and Hypothesis

The primary research question of the

BCA

is whether the

NFIP

has provided a net benefit

to society. With more than forty years of history and the results and finances well docu-
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mented, the experience with the

NFIP

can be measured quantitatively and

can determine the net benefit to society to date.

BCA

BCA

techniques

provides several approaches to the

question depending on how costs and benefits are assessed.
BCA is normally applied prospectively to evaluate a new potential program or change

in an existing program. A prospective

BCA

will estimate forward looking values for costs

and benefits, discount future values, and provide a current year

NSB . BCA

can also be

applied retrospectively to determine if an existing policy has yielded the intended effects.
A retrospective analysis measures existing effects and values the effects. In addition, the
process of discounting works to inflate prior years’ spending versus later years, increasing
the impact of earlier effects.
The first hypothesis examined will test whether the

NFIP

has provided

NSB

to so-

ciety from 1996 through 2010. The hypothesis establishes a baseline for the NFIP analysis
and provides context to other hypotheses. The period from 1996 through 2010 is due to the
availability of data for both the NFIP and FMA programs. The period includes the extreme
hurricane events of 2005, including Hurricane Katrina. Because of the severity of the 2005
hurricane season, a secondary analysis excluding 2005 will also be performed.
To consider this hypothesis, the

NSB

of the

NFIP

(the alternative hypothesis) are

compared to a hypothetical situation where the NFIP did not exist and no comparable private
program emerged (the null hypothesis). If the

NSB

of the

NFIP

are greater than zero (0),

then the null hypothesis is rejected in favor of the alternative hypothesis. Formally stated,
the null and alternative hypotheses are:
H0 : The net present value of the social benefits of the NFIP from 1996 through 2010 were
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less than or equal to zero (0).
H1 : The net present value of the social benefits of the NFIP from 1996 through 2010 were
greater than zero (0).

3.2
The

Methodology
NSB

is the sum of the

NSB

from the recent research into the

of the
FMA

NFIP

and

FMA

programs. This analysis benefits

program and adds to the literature by completing

a new analysis of the insurance program. Where appropriate, the
FMA

NSB

of the

NFIP

and

programs will be calculated into the future. To start the analysis, it is necessary to

establish which parties have standing to have their costs and benefits counted. The first is
consumers, who purchase insurance through the NFIP. The second party is producers, who
sell insurance plans on behalf of the NFIP. The third party is the federal government, which
must manage the program. The final party is third parties affected broadly by externalities
such as environmental impacts of the program. The party definitions give rise to the social
surplus model for the NFIP and mirror the analytic techniques of microeconomics.

3.2.1

The National Flood Insurance Program

A Social Surplus Model
BCA

methodology normally defines the NSB in terms of total benefits less total costs. How-

ever, there is an alternative form that defines the NSB of the program as the sum of economic
surpluses (Boardman et al., 2010, p. 62). Social surplus (S) is the sum of the consumer sur-
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plus (C), the producer surplus (P ), government surplus (G), and the external surplus (E),
each of which have their own definitional components to be discussed below,
(3.1)

S = C + P + G + E.
The analysis will use the social surplus method to find the

NSB

of the insurance program.

Using the definition supplied in equation 3.1, the change in the social surplus, represented
by

S is
S=

C+

P+

G+

(3.2)

E.

From equation 3.2, it is possible to find the change in the NSB attributable to the NFIP versus
an alternative where the NFIP does not exist.

Change in Consumer Surplus:

C

The consumer surplus measures the net benefit due to consumers from acquiring goods and
services in the market. In general, the consumer surplus represents the net amount consumers are willing to pay for a given good or service minus the actual price paid (Frank,
2006, pp. 160–162). The analysis assumes consumers would be unable to purchase flood
insurance if the program did not exist, as was the case at the time the National Flood Insurance Act of 1968 (NFIA) was enacted. The base case, where the

NFIP

provides insurance

to consumers is represented by C ⇤ and the alternative, where the

NFIP

no longer provides

service, is represented by C 0 . Therefore, the total change in consumer surplus due to the
NFIP

is
C = C⇤

C 0.

(3.3)

49
In the event the NFIP does not exist, it is reasonable to assume the government would make
payments to homeowners affected by flood disasters on an ad hoc basis as Congress did
prior to the NFIA. Therefore, such ad hoc aid is represented by a and
C 0 = a.
The consumer surplus due to the

NFIP ,

(3.4)

C ⇤ , includes the consumer surplus from program

participants purchasing insurance, represented by w. In addition, in a retrospective analysis,
consumers gain from any claims paid by the program to them following a disaster, which
is represented by . However, consumers experience costs from the premiums paid to the
NFIP

as a part of the insurance program, represented by µ. If the program is actuarially

fair and costless, then  = µ. The

NFIP

is not actuarially fair, especially amongst smaller

subsets of policyholders. In addition, µ+w = WTP, where WTP is the willingness-to-pay
(WTP) for flood insurance. The WTP here captures the entire area under the demand curve.
The model for the consumer surplus for the

NFIP

includes the direct benefits less

the costs of insurance. The model includes the ex ante consumer surplus to be calculated in
chapter 4. The ex ante consumer surplus is often not included in retrospective analyses due
to the belief a simple accounting can accommodate any change in the consumer surplus.
However, this analysis captures the value provided to consumers through the existence of
the program, above and beyond the direct benefits of insurance claims. This ex ante benefit,
looked at retrospectively, is described by Freeman (1989) and detailed in section 2.2.1.
Therefore, the consumer surplus from the NFIP is
C⇤ = w + 

µ.

(3.5)
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Substituting the equations for C ⇤ and C 0 into equation 3.3 yields a final form for
C = C⇤

C0

=w+

C:
(3.6)

µ

(3.7)

a.

Equation 3.7 shows the complete change in the consumer surplus is represented by the
consumer surplus for flood insurance and the claims paid to consumers minus the premiums
actually paid to the insurance fund and the estimated ad hoc disaster aid the government
may sponsor.

Change in Producer Surplus:

P

The producer surplus measures the net benefit due to producers from providing goods and
services to the market. The

NFIP ,

however, is a government program and the program is

managed through a dedicated fund, the National Flood Insurance Fund (NFIF). Accordingly, the main producer is better considered as a part of the government surplus, below.
However, general insurance companies do benefit under the terms of the Write Your Own
(WYO) program and it is appropriate to consider insurance companies’ benefits and costs
as a part of the producer surplus. The base case, where the

NFIP

provides insurance to

consumers is represented by P ⇤ . The alternative, where the NFIP did not provide insurance,
is represented by P 0 . The total change in producer surplus due to the NFIP is
P = P⇤

P 0.

(3.8)

If the NFIP did not exist, and assuming no producer would enter a hypothetical open
market for flood insurance, no economic activity would take place regard to producers. The
assumption is reasonable since the

NFIP

was created because there was no private flood
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insurance market, not to supplant an existing market. Therefore, P 0 = 0. In the case
where the

NFIP

is extant and being serviced by individual insurance companies, a simple

multiplier (') is applied to the value µ to capture the gross fees paid to industry through
the

WYO

program. However, the payment from consumers, through the government, is a

simple fee for the service of administering the NFIP. The fee allowance is designed to cover
the expense of writing policies and processing claims. Administering the NFIP is assumed
not to be a profit-making activity on the part of insurance companies and is assumed to
be a pure economic cost to producers and is simply paid for by the government. So the
amount of the WYO fees are subtracted back out. The base case estimate for the change in
producer surplus is then zero, although the sensitivity of the results to the assumption will
be investigated. Using the fee assumptions for the producer surpluses in each case leads to
an estimate for the net change in the producer surplus due to the NFIP:
P = P⇤

Change in Government Surplus:

P0 = 0

(3.9)

0 = 0.

G

The government surplus measures the benefits and costs due to the government as part of
a policy change. The government of the United States, through the NFIF, sees inflows and
outflows directly stemming from the program. The base case, where the

NFIP

provides

insurance to consumers is represented by G⇤ and the alternative, where the

NFIP

does not

provide service, is represented by G0 . Accordingly, the total change in the government
surplus due to the NFIP is
G = G⇤

G0 .

(3.10)
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While the government did routinely provide disaster assistance to flood victims
prior to the enactment of the

NFIA ,

assistance provided on an ad hoc basis and was not

guaranteed to disaster victims as each round of assistance required an act of Congress, as
described in chapter 2. In addition, the government provided financial support to victims
of Hurricane Katrina beyond repaying flood insurance claims. When the NFIP has not been
sufficient to recover from a major flood, Congress and executive branch agencies have
established other programs to support flood recovery. The analysis assumes the government
would compensate the victims of flooding in the absence of the

NFIP .

Because of the

assumption, per C 0 , the government surplus must balance against the case where the
did not exist. Therefore, G0 =

NFIP

a.

In the existing case of the NFIP, represented by G⇤ , government experiences inflows
in the form of premium payments from program participants, µ. The government experiences outflows from claims payments made to policyholders after a flood event, , and due
to the administrative fees paid to insurance providers, 'µ, where ' is the percentage the
premiums paid as administrative fees. The government also experiences outflows, ⇣, due to
the expense of administering the program through administrative expenses separate from
administering individual accounts, which are handled by insurance companies. Therefore,
G⇤ = µ



'µ

⇣ and the equation for the net change in the government surplus is
G = G⇤
= (µ
=µ

G0



(3.11)
'µ
'µ

⇣)
⇣ + a.

( a)

(3.12)
(3.13)
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Change in External Surplus:

E

Finally, the external surplus is the sum of benefits and costs due to third parties caused by
the actions of consumers, producers, and the government. Like the other surpluses, the
change in external surplus is the difference between the external surplus with the NFIP, E ⇤ ,
and the case where the NFIP did not exist, E 0 :
E = E⇤

E 0.

(3.14)

In the case where the NFIP does not exist, there are no external effects directly on consumers
and producers, per the above analysis. However, the federal government is likely to give
disaster relief aid and may cause some beneficiaries to rebuild in environmentally sensitive
areas, which some consider an external effect. Therefore, the ecological effect, , must be
accounted for.
In addition, there is the externality of the impact of taxation required to pay for ad
hoc payments in G0 . The marginal excess tax burden (METB) is the effect on the economy
from raising taxes to pay for government services, as described in section 2.2.4. The METB
is a multiplier, m, against the tax revenue to pay for the ad hoc payments, a. Accordingly,
E0 =
In the case where the

NFIP

ma.

does exist, the interactions are more complex. There is an

externality of the impact of taxation necessary to fund the management costs of the
which is not paid for by

(3.15)

NFIP

NFIP ,

premiums. By separating the impact of taxation from the

government surplus, the government surplus estimate can be used to find the change in
government revenues.
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The impact of taxation is again represented by the METB, m which is multiplied by
⇣ to capture the effect of taxation. There is also a potential environmental impact of the
NFIP

funding rebuilding in potentially environmentally sensitive areas and there is ongoing

debate about whether the existence of the NFIP may create inefficient use of the floodplain.
The ecological impact, B, must also be accounted for. It is possible other externalities exist
due to redeveloping in flooded areas. However, neither potential effect is documented and
given the data available from Federal Emergency Management Agency (FEMA) regarding
the NFIP, it is not currently possible to identify and estimate them. Therefore, this analysis
will not include them. Accordingly, E ⇤ = B
E = E⇤
= (B
=B

Change in Social Surplus:

m⇣ and

E0
m⇣)
m⇣

(3.16)
(

(3.17)

ma)

(3.18)

+ ma.

S

Using equation 3.2, the consumer, producer, government, and external surplus estimates
are combined to provide the net social surplus given by the

NFIP

is, as a reduced form

model,
S=

C+

P+

G+

= (w + 

µ

a) + (µ

=w+B

m⇣

(3.19)

E

'µ



'µ
⇣ + ma.

⇣ + a) + (B

m⇣

+ ma)

(3.20)
(3.21)

Consequently, the reduced form model is an attempt to find a sufficient statistic for the
NFIP ’s

insurance component (Chetty, 2009) and starting point to more complex analyses

55
Variable

Description

a
B

Amount of ad hoc disaster aid payments
Environmental externalities due to the program
Environmental externalities due to ad hoc payments
Consumer surplus
Claims made against the NFIP
External surplus
Government surplus
WYO fees percentage to insurers
The consumer surplus for flood insurance, per policy
the METB
Producer surplus
Premiums paid to the NFIP
The BCR for the FMA
Net social surplus
The consumer surplus for flood insurance
Cost of managing program to government

C

E
G
'
m
P
µ
R
S
w
⇣

Table 3.1: Variable list included in social surplus

of the

NFIP .

For better understanding, the features of the sufficient statistic and the key

reductions are described as a ledger in table 3.2.

Decomposition of the Social Surplus Model
Beginning with equation 3.21, several variables must be further resolved to calculate the
net social surplus for the insurance component of the

NFIP .

As will be shown in chapter

4, the expected consumer surplus for flood insurance is estimated to be 791 dollars per
NFIP

policy per year in 2010 dollars and is denoted by . It is possible to estimate the

total consumer surplus earned through the

NFIP

because the total consumer surplus is the

consumer surplus for flood insurance times the total number of flood insurance policies
in force. Therefore, for an annual consumer surplus, w,

is multiplied by the number of

insurance policies through the NFIP, :
w=

.

(3.22)
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With NFIP
Benefits Costs
Consumer Surplus
consumer surplus for flood insurance
payments for claims
premium payments
ad hoc disaster relief grant
Alternative Summary
Change in Consumer Surplus
Producer Surplus
administrative fees to insurers (at rate ')
administrative costs to insurers
Alternative Summary
Change in Producer Surplus
Government Surplus
administrative fees to insurers
payments for claims
premium payments
NFIP expenses
ad hoc disaster relief grant
Alternative Summary
Change in Government Surplus

Without NFIP
Benefits Costs

w

µ
a
w+

µ
w+

a
µ

a

'µ
'µ
'µ = 0

'µ

0
'µ

µ
⇣
a
µ

External Surplus
environmental benefits / costs
marginal tax burden (at rate m)
Alternative Summary
Change in External Surplus
NFIP Sufficient Statistic



B
w+B

'µ ⇣
µ  'µ

a
⇣ +a

B
m⇣
m⇣
B m⇣

ma
ma
+ ma

m⇣

'µ

⇣ + ma

Table 3.2: Key features of the sufficient statistic

The placeholder for ad hoc disaster aid, a, must also be estimated. The analysis
presumes the government would offer grants and other private relief directly to flood victims, similar to the government’s response to flood events before enacting the

NFIA .

The

placeholder estimate aligns with the original goal behind the NFIA, as described in chapter
2, of transferring some of the risk from flood disaster to property owners more likely to
be the beneficiaries of disaster relief. It is reasonable to assume ad hoc disaster aid would
continue in the absence of the

NFIP .

Since the

NFIP

was designed to supplant a portion of

disaster aid, it is reasonable to assume the ad hoc disaster aid to

NFIP

recipient would be
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equivalent to the payments made under the

NFIP .

Therefore, the expected ad hoc disaster

aid for flood victims, in the absence of the

NFIP ,

is likely equal to the claims against the

NFIP

under the program. Mathematically, a =  is used as the estimate for ad hoc disaster

aid.
Finally, it is necessary to estimate B and , the ecological impacts in the external surplus. As explained in section 2.1.4, environmentalists might argue the

NFIP

causes

ecological damage by encouraging rebuilding on the floodplain. The ecological impacts
include the costs and damage to the environment from building in potentially sensitive areas. The estimated damage could also include the risk of future damage caused by not
using land for mitigation purposes as well as any potential future risk to the rebuilt structure, itself. The impacts may be far ranging and span long time periods. Accordingly, the
ecological costs can be difficult to model and the full impacts might not be quantifiable
within the limited time periods for which data is available. Most of this cost is due to the
lost capacity of floodplains to protect other areas against flooding.
As noted in the above discussion of ad hoc aid, the government is presumed to give
aid equivalent to claims made against the

NFIP

if the program did not exist. Accordingly

there is some ecological cost that would accompany those payments, due to the environmental impacts whatever spending accompanying those payments entailed. The ecological
impacts in both cases are poorly understood quantitatively and, therefore, difficult to value.
There is evidence to suggest there is a net negative ecological benefit from the

NFIP .

This

is based on broad assumptions about the value of ecological benefits and the net changes in
development. Therefore, while the evidence suggests that B
B

< 0, the actual value of

cannot be estimated quantitatively. Therefore, these terms are assumed equal in the
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social surplus model.
Using the data available from the

NFIP

and the information above, equation 3.21

then reduces to
S =w+B
=

'µ

m⇣
⇣

'µ

⇣ + ma

m⇣ + m.

(3.23)
(3.24)

Relying on the analytical assumptions, the broad economic model, including some variables which cannot be estimated, is reduced to a final form using six variables with estimates readily available from

NFIP

financial data, the literature through benefits transfer

(Desvousges, Johnson, & Banzhaf, 1998), or through new primary research on the consumer surplus for the NFIP. These variables will be outlined in the following section.
Because information on premiums and claims are available at the state and county
level from FEMA, analytical granularity can be reduced from the national level to the state
and county levels. Local data encourages jurisdictional level analysis of distributional impacts of the program. In addition, by relaxing the assumptions made in the model, such as
estimates of the consumer surplus for flood insurance, the producer surplus, or the

METB ,

it is possible to perform break-even analysis, adapt other estimates of the values to the
model, or search for optimal values through Monte Carlo simulation (MCS). Finally, this
model forms the basis for analyzing proposed changes to the NFIP or new disaster insurance
programs.
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Description
State name
A numerical identifier for the state
County name
A numerical identifier for the county
Year, 1978-2010 inclusive
Number of policies in force
Number of contracts in force
Amount of total covered exposure
Amount of premiums paid

Table 3.3: Variable Description for FEMA Dataset A

Data Sources
Equation 3.24 includes six variables necessary for calculating the net change in social surplus due to the

NFIP .

Because the analysis is retrospective, actual figures for some of the

variables can be extracted from the
the author by

FEMA

NFIP ’s

financial information.

FEMA

provided data to

(T. Scoville, personal communication, January 20, 2012), hereinafter

called the FEMA Dataset. The FEMA Dataset consists of two components. The first component, FEMA Dataset A, is described in table 3.3 and provides information on the number of
policies, amount of coverage, and premiums paid. The second component,
B,

FEMA

Dataset

is described in table 3.4, and provides information on claims and payments to policy-

holders. The FEMA Dataset is drawn directly from FEMA financial databases and as official
government financial data, are likely to be accurate. The dataset presumptively represents
the entire universe of available data and is not a representative sample.

Adjustment to 2010 Present Value
Prior to using the data, it must first be adjusted to account for inflation and the time preference. This social discount function typically discounts later spending, providing a mecha-
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Description
State name
County name
Year, 1978-2010 inclusive
Total number of claims made
NFIF payments for property damage
NFIF payments for contents damage
NFIF payments for Increased Cost Compliance ( ICC )

Table 3.4: Variable Description for FEMA Dataset B

nism to track the assumption something in the future is inherently worth less than the same
thing today, a concept known as the time value of money. The social discount function
also captures the opportunity cost of not using the money spent for some other worthwhile
purpose. In a typical prospective

BCA ,

the social discount rate (SDR) is applied to future

years’ net social benefits to provide the adjustment.
Because this analysis is a retrospective BCA, the SDR is applied backwards to older
balances. This is because the investments made in prior years are presumed to have had an
opportunity cost at the time and that opportunity cost is separate from inflation that may
have occured since the investment was made. In a prospective analysis, this is called the
future value of money spent in current terms, and the future value is the inverse of the
present value of future spending. In a retrospective analysis, the effect is to increase the
value of money spent in prior years. Equivalent, the future value as of 2010 is computed
for money spent in prior years.
Selecting an appropriate SDR is controversial because the SDR changes the relative
weights of economic effects depending on when the effects are realized. For instance, a
higher
SDR

SDR

reduces the relative value of long-term economic effects moreso than a lower

would. Boardman et al. (2010, chap. 10) provides a number of options for a social
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discount rate. Options such as the marginal rate of return on private investment or the
marginal rate of time preference are difficult to compute and based on private consumption
preferences. Boardman et al. (2010) also includes the expected governmental borrowing
rate. There are some criticism that the government borrowing rate may be upwardly biased.
However, in a retrospective analysis, the government borrowing rate is easily observed and
computationally simple. Accordingly, it is the preferred rate to use for the

SDR

in this

analysis.
In a prospective analysis, the government borrowing rate is used by finding the average borrowing rate and subtracting the average inflation rate over prior periods to estimate
the government’s borrowing rate in real terms going forward. However, in a retrospective
analysis, the process can be simplified to be based on actual government borrowing rate,
which includes an allowance for inflationary effects, as the historical

SDR

on a year over

year basis. This analysis uses the average constant maturity rate (CMR) for the 10-year
Treasury bond for each year of the study period. This SDR closely aligns with advice from
the Office of Management and Budget (OMB) on selecting an

SDR

for certain purposes

(Office of Management and Budget, 1992, App. C). However, rather than predicting or using OMB estimates for borrowing rates, this analysis benefits from the historical borrowing
rates being observed and well known.
Additionally, because of the selection of an

SDR

rate based on nominal borrowing

costs, the inflationary adjustment is not necessary. Borrowing rates are the combination of
the expected inflationary rate and the social cost of capital. As a result, only one step is
necessary to complete both adjustments. The values used in this analysis are provided in
appendix D.
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Year

Premiums

Policies

Claims

1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

1, 275, 142, 562
1, 509, 751, 333
1, 668, 235, 535
1, 719, 638, 552
1, 723, 812, 790
1, 740, 329, 954
1, 802, 277, 733
1, 897, 687, 275
2, 040, 786, 564
2, 241, 133, 158
2, 604, 712, 840
2, 843, 351, 919
3, 066, 725, 391
3, 187, 064, 468
3, 353, 755, 725

3, 693, 018
4, 102, 349
4, 235, 117
4, 329, 952
4, 369, 074
4, 458, 468
4, 519, 798
4, 565, 490
4, 667, 376
4, 961, 792
5, 514, 675
5, 655, 774
5, 684, 268
5, 700, 232
5, 646, 726

827, 788, 942
519, 537, 378
886, 210, 419
754, 832, 560
251, 720, 536
1, 275, 673, 854
432, 350, 618
772, 850, 737
2, 220, 079, 025
17, 639, 483, 528
638, 772, 642
608, 773, 264
3, 415, 230, 017
766, 009, 252
758, 008, 836

Table 3.5:

NFIP

policies and premiums, nominal dollars

Linking the Social Surplus Model to Data Fields
The variable

is the number of flood insurance policies purchased through the

NFIP .

The

value of is available from the NFIP dataset and is the policies in force for a given year. The
values of p are given in table 3.5 and a time-series plot is presented in figure 3.1. The plot
shows a generally increasing number of policies with a sharp increase after 2005, possibly
due to the effects of Hurricane Katrina.
The variable , representing the consumer surplus from the NFIP, is found in chapter
4. The value is the consumer surplus per policy per year. The value of

is 791 per policy,

though the value is also subject to sensitivity analysis.
Using the same data as described in table 3.4, the sum of the insurance claims
provides the data for  used in equation 3.24. The annualized amounts of claims are given
in table 3.5 and a time-series plot is presented in figure 3.2. The plot shows a generally
increasing amount of claims paid over the study period and closely tracks the number of
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Figure 3.1: Plot of NFIP policies by year

policies in force. The point in 2005 is an outlier on the plot, representing the claims due to
the extreme flooding of Hurricane Katrina.
Data for the amount of payments is computing using the actual premiums paid to
the

NFIP

during the analytical time frame. The amounts of the premiums are given in

table 3.5 and a time-series plot is presented in figure 3.3. The plot shows a generally
increasing amount of premiums paid over the study period and closely tracks the changes
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Figure 3.2: Plot of NFIP claims amounts by year (nominal dollars)

in the number of policies in force.
Data for ⇣, the administrative expenses of the NFIP, are computed using information
from the United States budgets over the analytical time period. The NFIP’s budget includes
several expense lines for flood mitigation and expected claims payments. The

NFIP

bud-

get also includes an annual appropriation “for salaries and expenses associated with flood
mitigation and flood insurance operations” that defines the budgetary amount Congress has
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Figure 3.3: Plot of NFIP premium amounts by year (nominal dollars)

authorized. Those values are collected and presented in table 3.6.
The value of ', representing the percent of the premiums paid to the insurance industry through the WYO program is a single value set via the regulatory process. The value
is fixed at 15 percent. However, the fee can be increased up to 2 percent for performance.
As the range is very narrow, the value is fixed at the midpoint, 16 percent for this analysis.
Finally, data for m, representing the effects of the

METB

related to revenue for ad
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Table 3.6:

NFIP

Year

Expenses

1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

20, 562, 000
20, 981, 000
21, 610, 000
22, 685, 000
24, 333, 000
25, 736, 000
28, 798, 000
32, 393, 000
32, 663, 000
33, 336, 000
36, 496, 000
38, 230, 000
45, 642, 000
49, 418, 000
52, 149, 000

program expenses by year (nominal dollars)

hoc payments in the absence of the NFIP, is a single value which can be derived from other
sources. Because the

NFIP

is a federal project and given the

OMB

recommendation of 25

percent is so close to the 23 percent estimate of Boardman et al. (2010, pp. 432–3), the 25
percent value will be used for m. In addition, the OMB notes if there is a federal cost savings
associated with the project, the

METB

can be reduced accordingly. The use of the

METB

in this analysis is in the specific case where there are no cost savings. Therefore, using the
full value is appropriate. Other values will be tested through the sensitivity analysis, based
on the recommended bounds of Boardman et al. (2010), of 18 to 28 percent.
In this analysis, the METB applies to the deadweight loss incurred when the government uses taxes to pay for ad hoc flood relief if the
administering the program if the

NFIP

NFIP

is not present and to the costs of

does exist. Because of this, the

METB

for the costs

of administering the program is subtracted from the NSB. However, the METB for the taxes
paying for ad hoc flood relief is not a deadweight loss if the NFIP does exist. Accordingly,
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that METB value is added to the NSB.

3.2.2

Flood Mitigation Activities

A

of the second part of the

BCA

NFIP ,

the

FMA

program, is already available. It was

completed in 2005 by the Multihazard Mitigation Council (MMC) at the National Institute
of Building Sciences (NIBS) as part of a larger study on the costs and benefits of natural
hazard mitigation programs conducted by the federal government to reduce losses from
earthquakes, wind damage, and flood events (Multihazard Mitigation Council, 2005). The
MMC

performed the review at the request of

FEMA

to quantify the future benefits of the

three primary natural hazard mitigation programs conducted by FEMA. The FMA program
is the flood mitigation program conducted by FEMA and was included in the MMC analysis.
In considering three mitigation programs, the

MMC

looked at both natural hazard

mitigation programs and at building code improvements designed to reduce the effective
damages from the hazard in question. However, with respect to flood events, the MMC only
looked at mitigation programs designed to reduce flooding overall. In doing so, the

MMC

considered two types of flood mitigation. The first is project mitigation, which consists
of grants used to pay for the reduction of risk in a particular site, often through a buyout
system which dedicates formerly privately owned land to public use. The second is process
mitigation, which may include the development of warning systems, advanced mitigation
plans, and revised building codes.
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Review of the Mitigation Grants Analysis
The BCA conducted by the MMC is a statistical analysis of more than 5000 flood mitigation
projects funded through the

FMA

from 1993 through 2003. Projects, selected at random,

were evaluated individually for costs and benefits. Using their results, the authors of the
MMC

report create an estimate of all

FMA -funded

projects’ benefits and costs to create a

net social benefit for the FMA program.
Several decisions made by the MMC report authors are notable when analyzing the
results. The first is the costs of an individual flood mitigation project are estimated based
on the grant size. This is a reasonable estimate as almost all costs associated with such a
project are financial in nature and would be paid for using grant funds. When not the case,
the authors adjusted the cost of a project to include other expenditures.
From an analytical perspective, the
produced under the direction of

FEMA

MMC

uses the Hazus-MH modeling software

to estimate the benefits and costs of each of the

projects in the sample space. The use of Hazus-MH is reasonable because the Hazus-MH
software system is used to estimate the costs and benefits of individual flood mitigation
projects as part of the proposal phase. However, the authors deviated from the Hazus-MH
system in modeling the impact of businesses losses and other areas where the system was
not sufficiently capable. The Hazus-MH software system was supplemented by additional
analytical methods to accommodate certain externalities.
By using the Hazus-MH system, the authors of the MMC report do commit to using
the data sets provided by FEMA for estimating both benefits and costs. However, the authors
alleviate concerns about bias in the calculation process by conducting a number of case
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studies on randomly selected

FMA

projects to test their benefits and costs independently

and use the information as an independent check on the integrity of the estimates provided
through the Hazus-MH system.
An important result produced by the MMC authors using sensitivity analysis is discovering the NSB of a flood mitigation project are highly dependent upon the discount rate
selected for future benefits. In their conclusion, the authors found a net social benefit of 11
billion dollars but with a high standard deviation of 3.8 billion dollars. The authors assumed
a log-normal distribution of

NSB

and found there is greater than a 99 percent probability

the benefits exceed the costs for the entire FMA program.
Overall, the analysis conducted by the

MMC

context of benefits transfer, where the results of a

is sound and suitable for use in the

BCA

are included as a component in a

separate BCA. Therefore, the conclusions of the MMC will be used to determine the NSB of
the flood mitigation component of the FMA in this analysis.

Inclusion of the Mitigation Grants Analysis
This analysis incorporates the

MMC

study through benefits transfer. The authors of the

MMC

study create an estimate for the benefit cost ratio, R, of the 50 year returns for the

FMA

process and project grants. The value will be incorporated in the final estimate of the

NSB

of the NFIP and FMA programs by using benefit-cost ratio and applying it to the FMA

program data for the subject time period, using data provided by FEMA (Z. Usher, personal
communication, December 5, 2011). This dataset,

FEMA

Dataset C, is described in table

3.7.
FEMA

Dataset C, like the other

FEMA -provided

datasets, is drawn directly from
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Description
State name
County name
Grant recipient agency
Grant program, only FMA considered
Fiscal year of grant
Amount of grant

Table 3.7: Variable Description for FEMA Dataset C

government financial databases and as official government financial data, is likely accurate.
In addition to the estimate of the benefit-cost ratio, the authors of the MMC report provided
a standard deviation for the estimate as well as a presumed distribution, log-normal. The
distribution and standard deviation can be used to set the terms of the sensitivity analysis.
The benefit transfer will be made for each grant in the dataset separately using an
annualized return rate for the 2010 estimate. The annualized return rate is calculated as the
annual return rate necessary to achieve the benefit-cost ratio (BCR) R using the discount
rate specified within the

MMC

study. Then, the return for each grant is calculated on a

year-over-year basis. Finally, the amount of grants made in each year is subtracted from
the annualized returns for each year. This process creates an

FMA

return amount for each

year. That value is then socially discounted using the same social discount rates as used for
the insurance data. For the long-term social benefits to 2060, each FMA grant value will be
multiplied by the BCR value R, after the grant value has been socially discounted into 2010
values.
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Method

Comments

Partial sensitivity analysis
Partial sensitivity analysis
Partial sensitivity analysis
Monte Carlo simulation
Monte Carlo simulation
Monte Carlo simulation

Elimination of 2005 from consideration
Elimination of the METB on ad hoc recover funding from consideration
Elimination of the consumer surplus from the NFIP from consideration
Stress testing of results to extreme values
Stress testing of results to ad hoc recovery funding
Stress testing of results to the producer surplus

Table 3.8: Sensitivity analysis methods to be included

3.3

Sensitivity Analysis

The complexity of the NFIP and the FMA programs and their interactions suggest multiple
sensitivity techniques. The techniques will include both naı̈ve and sophisticated methods
to check several of the analytical assumptions. The methods are outlined in table 3.8. A
distributionally weighted analysis, also a type of sensitivity analysis, will be considered
separately in chapter 6.
The first method used is a type of partial sensitivity analysis that eliminates values for the year 2005 from the analysis. Eliminating 2005 has the effect of eliminating
Hurricanes Katrina and Rita from the analyzed record, which was a major event with an
outsized effect on the NFIP and affected residents. The partial sensitivity analysis will show
the effect a single large event can have on the NSB of the NFIP and FMA programs. Partial
sensitivity analysis is also used to show the effect of the METB on the program.
Because each term in the analysis consists of a point estimate, there is a potential
for statistical error to corrupt the final result. Sensitivity analysis provides an opportunity
to analyze the errors involved and test the statistical assumptions included in the analysis.
For this analysis, the sensitivity analysis will consist of a stochastic simulation over the
input variables to the models, also known as a Monte Carlo analysis (Boardman et al.,
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2010, pp. 183–7). In addition to the

MCS

described in this section, it is useful to find the

individual impacts of the financial aspects of the programs, such as the impact of claims.
A final sensitivity analysis focusing on the distributional impacts of the programs
is not included here, but is described in chapters 6 and 7. It is not possible to eliminate the
uncertainty inherent in BCA, however, the use of sensitivity analysis, specifically the use of
stochastic simulation, provides a tool for understanding the uncertainty and its implications.

CHAPTER 4

CONSUMER SURPLUS OF FLOOD INSURANCE

The consumer surplus is a fundamental building block of the social surplus as defined in
chapter 3. The consumer surplus depends on the willingness-to-pay (WTP) for a good or
for a service. As described in chapter 2, the

WTP

is the sum of the consumer surplus and

the any actual amount paid (Frank, 2006, pp. 160–164). The consumer surplus then is the
benefit consumers receive for receiving something at a price less than they were willing to
pay.
In the absence of a market, the consumer surplus for a good or service cannot be
directly calculated. Estimating consumer surplus from the National Flood Insurance Program (NFIP) is further complicated by a legal framework that requires some policyholders to
purchase insurance, regardless of the consumer’s preference. Using actual price data, the
analysis will use a revealed preferences method (RPM) to estimate the consumer surplus
for NFIP insurance. The analysis uses some survey data, limited to background information
capturing whether or not a respondent believes they are required to participate in the NFIP.
Price information and actual preferences of survey respondents, such as whether they are
NFIP

policyholders, are obtained from the NFIP’s financial records. The RPM methodology

73

74
contrasts with contingent valuation method (CVM) studies, which normally ask if a participant would be willing to pay a certain amount (in closed-ended

CVM )

or how much they

are willing to pay (in open-ended CVM) through a hypothetical questionnaire.
Price information, combined with insurance purchase information, increases the accuracy of the consumer surplus estimate. Respondents are unable to respond strategically
and biases will not distort responses. Due to the nature of the data collection, the analysis is closer to estimating the true consumer surplus by avoiding the complications arising
from surveys addressing behavioral intentions through hypothetical questionnaires (Whitehead, 2006). Limiting the model to voluntary policyholders controls for economic artifacts
caused by the regulatory framework. However, this limitation omits some policyholders in
high-risk areas where the policyholders presumably have a higher consumer surplus.

4.1

Model Description

The survey and financial data were analyzed using the Tobit model to estimate the consumer
surplus for flood insurance. The Tobit model is a special case of a censored-outcome binary
response model (Tobin, 1958) where the response variable is bounded. In the case of an
RPM

estimation of a consumer surplus, neither the demand nor price paid can be below a

lower bound of zero. Therefore, the Tobit model captures the censoring effect consistently
whereas a purely linear demand model could estimate a negative demand for some market
participants.
Haab and McConnell (2002) provide multiple methods for estimating a consumer
surplus. In addition to the Tobit model, Haab and McConnell provided methods for de-
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mand estimations using Poisson models and negative binomial models. Both models are
appropriate for outcomes that are count data. However, the Poisson model better represents
a model where the mean and dispersion of the outcome are equal and the negative binomial
model is suitable for overdispersed outcomes. The dataset includes a large number of responses censored at zero and the outcome is not a count, but a continuous price, measured
in dollars.
The Tobit model has weaknesses necessary to understand for model selection. One
weakness of the model is its reliance on the same inputs for both the demand level and
participation outcomes. A model where different inputs describe the demand and participation, such as the Cragg model, overcomes this weakness. The Cragg model is a two-step
model; the Cragg model uses a probit model to estimate participation and a Poisson model
to estimate demand after participation is decided. The Cragg model is not used here due to
its tendency to artificially increase the consumer surplus through the separation of analysis
(Haab & McConnell, 2002, pp. 183–189). The Tobit model provides a balance fitting the
estimation problem well and is appropriate for estimating the consumer surplus for flood
insurance using the available dataset.
The analysis used a single data model estimated in two different iterations for different estimated flood insurance premiums as the exact premiums paid by respondents is
not known. One insurance premium is for a high deductible plan and the second premium
is for a low deductible plan, which is more frequently chosen by NFIP participants. Unlike
Landry and Jahan–Parvar (2011), the model includes explanatory variables for the county
in which the survey respondent’s property is located, whether the respondent reported they
believe they are required to carry flood insurance, as well as an indicator variable repre-
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senting policyholders who are actually required to carry flood insurance by virtue of being
located in the Special Flood Hazard Area (SFHA) and having a mortgage.

4.2

Data

The analysis used data collected by the H. J. Heinz III Center for Science, Economics, and
the Environment in 1998 as part of a Federal Emergency Management Agency (FEMA)
project to study erosion in the coastal zone (The Heinz Center, 2000). The data was provided for this analysis by Craig E. Landry. The dataset included both survey data and data
collected from official databases and other sources. The survey was offered via mail to
potential participants and the dataset consisted of 5,656 entries representing respondents
across nine coastal counties, listed in table 4.1, across the Mid-Atlantic, the Gulf Coast,
and the southeast United States. The data collection targeted respondents owning property
within 1000 feet of the coast, including both NFIP participants and nonparticipants.
The selected survey respondents represent a broad sample of residential oceanfront
properties. The Heinz Center collected data on property via local tax assessment records
and combined the data with policy data from the

FEMA

and geographic data from geo-

graphic information systems (GIS). Finally, respondents filled out a mail questionnaire.
The dataset includes observation weights reflecting the sampling structure. The sample did
not include commercial properties. Statistical summaries of variables used are included in
table 4.2. The dataset includes a number of variables not used which are fully documented
in other sources (Landry & Jahan–Parvar, 2011; The Heinz Center, 2000).
An important variable is the estimated flood insurance premium, if any, paid by a
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county
Brazoria, Texas
Brevard, Florida
Brunswick, North Carolina
Dare, North Carolina
Galveston, Texas
Georgetown, South Carolina
Glynn, Georgia
Lee, Florida
Sussex, Delaware
All

n
487
539
614
1060
755
488
321
453
939
5656

Table 4.1: Survey respondent count by county

property owner. While the exact premium paid by a property owner is unknown, the premium can be estimated from property characteristics including value, flood zone, and coverage level. Because the policyholder-selected deductible and other elective policy features
affects the premium paid, the dataset includes two variables representing the imputed lower
and upper bounds, fpremlo and fpremhi respectively The variable fpremlo is the imputed
premium for a high deductible plan and the variable fpremhi is the imputed premium for a
low deductible plan. Landry and Jahan–Parvar (2011) note, based on research performed
by Michel-Kerjan and Kousky (2010), most policyholders select the lower deductible level
(500 dollars) suggesting the upper bound for premium level is likely to represent premiums
paid by the policyholder. Consequently, the eventual base case analysis will use the higher
premium-lower deductible model estimate of the consumer surplus as the typical value.
The premium variables are in units of cost to purchase 100 dollars of insurance coverage,
which is equivalent to 100 times the purchase price of a dollar of insurance coverage.
The dataset also includes a variable, flcov, representing the amount of flood insurance coverage purchased by a policyholder, in units of 100 dollars of insurance coverage,
which is equivalent to the amount of insurance purchased divided by 100. The variable
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Variable

Description

Units

flcov
fpremhi
fpremlo
incom
req
ocean
vacant
subsidy
azone
vzone
mort

Amount of flood insurance coverage
Upper bound of estimated premium
Lower bound of estimated premium
Reported income
Imputed requirement for flood insurance
Binary variable for ocean front status
Binary variable for vacancy status
Amount of subsidy for flood insurance
Binary variable for property in Zone A
Binary variable for property in Zone A
Binary variable for property has a mortgage

100 dollars of coverage
price per unit of coverage
price per unit of coverage
dollars
binomial
binomial
binomial
dollars
binomial
binomial
binomial

Mean

Std. Dev.

737
0.95
0.81
113
0.41
0.43
0.54
0.56
0.43
0.48
0.45

879
0.96
0.84
77
0.49
0.49
0.5
0.5
0.5
0.5
0.5

Table 4.2: Summary statistics for variables used the NFIP consumer surplus model

comes directly from the

NFIP

and is more reliable than data collected by a survey-based

collection technique. The lower bound of zero dollars represents the case where no insurance is purchased. Therefore, 49.6 percent of the survey respondents were nonparticipants
in the NFIP. In addition, in 1998, the NFIP limited policyholders to a maximum of 250,000
dollars of coverage. Approximately 8.03 percent of policyholders in the sample purchased
the maximum coverage available. The program minimum (zero dollars) and maximum
(250,000 dollars) effectively censor the data dataset at both the left and right boundaries.
The sample mean is a policy of 73,737 dollars with an estimated premium of 522 dollars
for the policy using the high premium-low deductible estimate for the premium.
In addition to the economically imputed variables created by others, the use of
additional variables simplifies the analysis. A binary variable, sfha, denotes whether a
property located in the in the

SFHA .

The sfha variable is true (1) if either azone or vzone

is true (1). The variable azone is true if the property is located in

NFIP

Zone A, which is

subject to inundation by the 100-year flood. The variable vzone is true if the property is
located in

NFIP

Zone

V

representing coastal areas subject to inundation by the 100-year

flood with special hazards due to storm surge waves.
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A second binary variable, req, denotes whether or not

NFIP

coverage is required

for the property. The req variable is true (1) if both sfha and mort are true (1), where
mort is true if the survey respondent indicated they had a mortgage on the property. The
assignment assumes all mortgages are subject to federal lending requirements for flood
insurance, which is not necessarily the case. The req variable is distinct from the survey
response variable, requ, representing whether or not a respondent believes they are required
to carry flood insurance as part of their mortgage borrowing. Finally, a dummy variable,
county, represents the county of the respondent, which is aggregated from the individual
county indicator variables.
Other studies, beyond the original collection effort by the The Heinz Center (2000),
have used the survey data. Kriesel and Landry (2004) used the survey data in conjunction
with

FEMA

information and other data sources to analyze

NFIP

participation rates in the

coastal flood zone, notably finding the demand for flood insurance is inelastic with respect
to price, due to the legal requirement for some policyholders to purchase insurance. Landry
and Jahan–Parvar (2011) used the survey data to investigate determinants of coverage level
via a Tobit model. They found flood insurance coverage increases with flood risk and with
borrowing via a mortgage.
Importantly, the analysis will reduce the data to include only survey respondents
who are not required to purchase flood insurance through the

NFIP

believe they are required to purchase flood insurance through the

and who also do not

NFIP

to implement the

analysis. Including only these respondents causes the model to estimate the behavior of
respondents in the absence of the NFIP. The model will yield the best estimate for a mean
national consumer surplus of the NFIP, by preventing policyholders who are forced into the
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program by federal law from artificially increasing the demand and consumer surplus for
flood insurance at FEMA’s premium rate.
This approach, however, may overstate the consumer surplus for flood insurance.
While there are data for respondents who purchased flood insurance and respondents who
did not purchase flood insurance, the data only includes respondents with property within
1000 feet of the coast. In effect, this approach uses voluntary flood insurance purchases not
within a higher risk area to estimate the consumer surplus for those required to purchase
insurance in higher risk areas. Accordingly, if the nonvoluntary policyholders would not
purchase flood insurance if the requirement did not exist, the consumer surplus estimated
will be larger than the actual value of the consumer surplus.

4.3

Estimation

Implicit in the methodological design is the assumption flood insurance coverage purchased
decreases as the price of insurance increases. The relationship, a standard demand model,
is required for the Tobit method to estimate the consumer surplus correctly. Figure 4.1 is
a plot of the observed voluntary demand curve for flood insurance by finding the number
of participants not required to purchase insurance within cost percentile groups using the
higher estimate for insurance premiums. Figure 4.2 provides the same plot for the lower
estimate of the insurance premiums.
Data with a lower bound is left-censored, as with a lower bound of zero dollars of
insurance purchased. However, the amount of flood insurance purchased by policyholders
was limited to 250,000 dollars by FEMA regulations. The limit is observable in the dataset
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Figure 4.1: Demand curve for flood insurance (using the upper bound of the insurance premium
rate)

where the maximum observed value of the flood insurance coverage variable, flcov, is 2500,
in units of 100 dollars of coverage. An upper bound is right-censoring. Because the data are
also right-censored, it is necessary to use an implementation of the Tobit model accepting
both right- and left-censoring.
In practice, the dependent variable, yi in the Tobit model is specified, like the ordi-
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Flood Insurance Premium (dollars per $100 coverage)
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Figure 4.2: Demand curve for flood insurance (using the lower bound of the insurance premium
rate)

nary least squares (OLS) model, as
yi⇤ = xi + µi ,

(4.1)

where µi is the unobserved error in the estimate and is presumed to be normally distributed
and centered at 0. Unlike the OLS model, the dependent variable, yi⇤ , is a latent and unob-
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served variable. Based on the results of the Tobit estimation procedure,
8
>
>
>
<yi⇤ , yi⇤ > 0
yi =
,
>
>
>
:0, otherwise

(4.2)

where yi is the observed response variable. For example, suppose a demand model were
estimated, using Tobit,
y=

0

+

1 x1

+ ··· +

n xn

where x1 is the price per unit of the good or service,

(4.3)

+ ✏,
1

is the estimated coefficient of

the price, and y is the amount purchased. Additional explanatory variables in the demand
model, provided they are consistent and statistically significant, can be controlled for in the
same manner as a comparable OLS model.
Then the consumer surplus for the good or service is calculated by finding the area
under the appropriate Marshallian demand curve. Using a process described by Haab and
McConnell (2002, ch. 7),1 the nominal dollar estimate of the consumer surplus is a transformation of the coefficient for the premium term of the Tobit model. The transformation
is the result of integrating the demand curve between the observed price, P0 , and the cutoff
price, Pc , so,
CS =

Z

=
=
1

Pc

(

0

+

0P +



1P )

(4.4)

dP

P0

0 Pc

+

1P

2 Pc

2

P0

2
1 Pc

2

(4.5)


0 P0

+

2
1 P0

2

.

(4.6)

Haab and McConnell (2002) use WTP and consumer surplus interchangeably due to the parameters of
their example case, where the WTP and consumer surplus were equal. This is not generally true.
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For any value of P , through the process of completing the square,
1P

0P +

2

2

=
=

2
(

0 1P

+

2

1

0

+
2

1P )

2 2
1P
2

(4.7)

( 0 )2
.
2 1

1

(4.8)

Substituting the result of equation 4.8 into equation 4.6 yields


0 Pc +

2
1 Pc

2



0 P0 +

=
=



(

(

0

0

2
1 P0

2

+
2

+
2

1 Pc )

2

1
1 Pc )



( 0 )2
2 1

2

(

0

1

At the cutoff price, the demand is zero and

0

+
2

+

1 P0 )

(

2

0

+
2

1 P0 )
1

2

( 0 )2
2 1

.

(4.9)
(4.10)

1
1 Pc

= 0, by definition, since the cutoff

price is the price at which there are no purchasers (Haab & McConnell, 2002, pp. 160–162).
Similarly, the demand is y from equation 4.3 and
(

0

+
2

1 Pc )
1

2

(

0

+
2

0

1 P0 )

+

1 Pc

2

02
2 1

=

1

=

= y. Therefore,
y2
2 1

y2
,
2 1

(4.11)
(4.12)

where y is the amount purchased and equation 4.12 is the consumer surplus (Bockstael,
Ivar E. Strand, McConnell, & Arsanjani, 1992; Hellerstein, 1992). A linear specification
is typically used given the intent of estimating the consumer surplus. Nonlinear specifications, such as quadratic specifications of the demand model, can lead to an estimated
infinite consumer surplus if there is no choke price for which demand is zero. Other nonlinear specifications, such as logarithmic specifications, may not satisfy the expected requirements of a demand curve. Accordingly, this analysis uses a linear specification for the
demand curve.
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To calculate the consumer surplus on a per policy basis, the consumer surplus can
be calculated for each customer for which there is information in the dataset and the results
averaged across the dataset. Therefore, the mean consumer surplus is
n

X
y2
=
2 1 i=1

yi⇤ 2
/n,
2 1

(4.13)

where n is the number of observations in the sample and yi⇤ is the amount of the product
purchased by the ith member of the sample. The standard deviation of the consumer surplus
is the standard deviation of the sample of calculated consumer surpluses. Similarly, the
standard error of the mean consumer surplus is the standard deviation of the sample divided
by the square root of the sample’s population size. Mathematically,
s
SEx̄ = p ,
n

(4.14)

where s is the observed standard deviation and n is the sample’s population size.
To calculate using the estimated amount of the product purchased, yi⇤ = ŷi , where
ŷi is the fitted estimated amount of the product purchased by the ith member of the sample.
However, to estimate using the observed amount of the product purchased, yi⇤ = yi , where
yi is the actual amount of the product purchased. Using the observed amount of a product
purchased usually leads to larger estimates of the consumer surplus. Haab and McConnell
(2002, p. 163) suggest using the estimated amount of the product purchased when using
Tobit to find the consumer surplus.
The result of the consumer surplus is in dollars per consumer if the amount purchased is in units and the price is given in dollars per unit. The model is estimated on
transformations of the y and x terms representing demand and price, respectively. In this
analysis, the transformation from a standard demand model is the amount of insurance
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purchased is divided by 100 and the price of insurance is multiplied by 100, a reciprocal
transformation. The consumer surplus is invariant to the terms of expression for price and
demand, provided the terms of expression are inverse to each other. This observation leads
to a theorem about the relationship between consumer surplus and the units of the amount
purchased and the units of the price.
Theorem 4.1. Let m be a scaling factor and y =

0

+

1 x1

+ · · · be a generalized linear

model such that y is the amount of a good or service purchased and x is the price per unit
of the good or service. If y 0 =

0
0

+

0 0
1 x1

+ · · · such that y 0 = my and x01 = x1 /m, then,

ŷ 0 2
=
2 ˆ0
1

Proof. If y 0 =
y=

⇤
0+

⇤
0

+

⇤ 0
1 x1 + · · · ,

⇤
1 x1

then

+ · · · , then
⇤
1

⇤
1

=m

ŷ 2
.
2 ˆ1
1

(4.15)

(Wooldridge, 2012, p. 40). Similarly, if

= m 1 . Therefore, if y 0 =

0
0+

0 0
1 x1 + · · · ,

then

0
1

= m2 1 .

Accordingly,
ŷ 0 2
=
2 ˆ0
1

(mŷ)2
=
2m2 ˆ1

m2 ŷ 2
=
2m2 ˆ1

ŷ 2
.
2 ˆ1

(4.16)

The result remains in dollars per consumer even if the amount purchased changes
units, provided the price changes inversely. To find the consumer surplus of the

NFIP ,

the

product purchased is the amount of insurance purchased per policy and the result will be
in dollars per policy. The data includes the amount of insurance purchased in units of 100
dollars of coverage. The price is given in dollars per 100 dollars of coverage. By theorem
4.1, the consumer surplus given by equation 4.12 shall be in dollars per policy.
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Non-Required
(Intercept)
fprem
log(income)
Brevard County
Brunswick County
Dare County
Galveston County
Georgetown County
Glynn County
Lee County
Sussex County
ocean
vacant
subsidy
Log(scale)

1842.98 (317.03)
⇤⇤⇤
564.95 (59.67)
⇤⇤⇤
574.22 (55.71)
⇤⇤⇤
853.53 (234.11)
369.15 (218.72)
153.98 (223.35)
7.59 (218.27)
⇤⇤⇤
1348.26 (265.65)
102.61 (271.37)
201.31 (259.88)
⇤
445.61 (211.14)
⇤⇤⇤
831.61 (90.35)
⇤⇤
255.10 (92.78)
⇤⇤⇤
530.15 (95.64)
⇤⇤⇤
7.40 (0.03)

AIC
BIC
Log Likelihood
Deviance
Total
Left-censored
Uncensored
Right-censored
*** p

Floodplain
⇤⇤⇤

15502.85
15575.64
7736.43
1130.84
946
222
601
123

All Respondents
⇤⇤⇤

1315.53 (208.65)
⇤⇤⇤
454.64 (36.99)
⇤⇤⇤
538.21 (37.06)
41.67 (165.40)
⇤⇤⇤
591.30 (138.62)
174.78 (140.48)
⇤⇤
410.61 (138.41)
⇤⇤⇤
1343.04 (162.42)
⇤⇤⇤
568.78 (170.49)
⇤⇤
524.53 (159.76)
121.52 (134.48)
⇤⇤⇤
581.53 (57.44)
⇤⇤
167.59 (61.60)
⇤⇤⇤
765.98 (61.08)
⇤⇤⇤
7.15 (0.02)
27273.90
27354.18
13621.95
1693.80
1559
197
1117
245

⇤⇤⇤

1593.38 (212.79)
⇤⇤⇤
465.31 (38.52)
⇤⇤⇤
575.95 (37.09)
⇤⇤⇤
662.90 (157.61)
⇤⇤⇤
511.33 (145.58)
135.23 (147.16)
⇤
334.88 (144.28)
⇤⇤⇤
1338.35 (171.76)
⇤⇤⇤
630.44 (177.82)
⇤⇤
501.10 (169.05)
130.40 (141.94)
⇤⇤⇤
713.25 (57.67)
⇤⇤⇤
210.37 (61.74)
⇤⇤⇤
677.95 (61.18)
⇤⇤⇤
7.21 (0.02)
29192.28
29273.70
14581.14
1831.98
1682
244
1177
261

< 0.001, ** p < 0.01, * p < 0.05

Table 4.3: Regression results for upper bound of premium estimate

4.4

Results

The model has been estimated with the R programming language using the tobit() function
from the AER package (Kleiber & Zeileis, 2008, pp. 141–143). The Tobit implementation
provided by tobit() is a maximum-likelihood estimation (MLE) method as described by
Wooldridge (2010, pp. 670–677). A complete listing of the model estimates are available
in table 4.3 for the higher premium estimate and table 4.4 for the lower premium estimate.
In both estimates, all non-county identification variables are consistent and significant to at least p < 0.05. In general, the county indicator variable appears to capture
local effects altering perceived risk with respect to flooding not captured through the actual risk embodied in the

SFHA

designation and implicitly in the estimated variable req.
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Non-Required
(Intercept)
fprem
log(income)
Brevard County
Brunswick County
Dare County
Galveston County
Georgetown County
Glynn County
Lee County
Sussex County
ocean
vacant
subsidy
Log(scale)

1503.55 (311.15)
⇤⇤⇤
1032.06 (84.75)
⇤⇤⇤
568.45 (54.72)
⇤⇤⇤
1040.19 (231.20)
275.89 (217.83)
400.65 (221.75)
36.20 (217.01)
⇤⇤⇤
1105.89 (262.08)
178.29 (268.82)
41.16 (257.10)
⇤⇤
647.38 (209.96)
⇤⇤⇤
787.84 (88.75)
⇤
191.04 (91.51)
⇤⇤⇤
364.48 (93.18)
⇤⇤⇤
7.37 (0.03)

AIC
BIC
Log Likelihood
Deviance
Total
Left-censored
Uncensored
Right-censored
*** p

Floodplain
⇤⇤⇤

15415.52
15488.30
7692.76
1115.91
946
222
601
123

All Respondents
⇤⇤⇤

1146.40 (204.96)
⇤⇤⇤
772.69 (50.94)
⇤⇤⇤
530.47 (36.54)
100.08 (163.54)
⇤⇤⇤
549.76 (137.90)
41.71 (139.11)
⇤⇤
404.80 (137.55)
⇤⇤⇤
1208.73 (160.58)
⇤
392.71 (168.89)
⇤
371.88 (158.22)
238.05 (133.43)
⇤⇤⇤
557.31 (56.66)
⇤
121.90 (60.99)
⇤⇤⇤
598.76 (59.61)
⇤⇤⇤
7.13 (0.02)

⇤⇤⇤

1356.00 (208.95)
⇤⇤⇤
835.88 (53.74)
⇤⇤⇤
568.98 (36.47)
⇤⇤⇤
792.92 (155.36)
⇤⇤
450.40 (144.64)
43.91 (145.66)
⇤
306.06 (143.06)
⇤⇤⇤
1174.28 (169.50)
⇤
413.99 (175.91)
311.32 (167.15)
⇤
279.13 (140.70)
⇤⇤⇤
687.84 (56.71)
⇤⇤
160.55 (60.99)
⇤⇤⇤
526.34 (59.59)
⇤⇤⇤
7.19 (0.02)

27167.38
27247.66
13568.69
1693.93
1559
197
1117
245

29063.84
29145.25
14516.92
1829.84
1682
244
1177
261

< 0.001, ** p < 0.01, * p < 0.05

Table 4.4: Regression results for lower bound of premium estimate

There is a strong negative coefficient for flood insurance premium price, the variable fprem,
across flood insurance price pairings. For both estimates, the relationship is significant to
p < 0.001. For instance, in the case of the higher premium model, for every one cent (0.01
dollars) increase in the price of 100 dollars of insurance, there is a -465.31 dollar decrease
in the amount of insurance purchased. In addition to the model estimates for those not
required to purchase flood insurance, tables 4.3 and 4.4 include model estimates for survey
respondents located on the floodplain and for all survey respondents.
The finding reflects the classic demand curve expectation of an inverse relationship
between the price of a product and the quantity demanded. The finding also agrees with the
findings of Landry and Jahan–Parvar (2011) reporting a negative relationship across differ-
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ent subsidy groupings. The variable subsidy is an indicator variable representing whether
or not the policyholder is eligible for an insurance subsidy due to being built before Flood
Disaster Protection Act of 1973 (FDPA). The subsidy variable has a positive coefficient and
captures the effects the discounts can have on the consumer surplus. The ocean variable, an
indicator variable for whether the property is ocean front and the variable vacant, capturing
whether the property is occupied, were both significant, as well.
To estimate the total consumer surplus per policyholder, the fitted outcomes of the
model are estimated and the consumer surplus is calculated for each survey respondent.
If an individual respondent’s fitted estimate is a negative insurance purchase, the amount
purchased is reset to 0. Then the consumer surplus is calculated using equation 4.12. The
average consumer surplus is the mean of the individual respondent’s consumer surpluses.
Accordingly, for the high estimated insurance premium, using equation 4.13, where yi is the
estimated amount of insurance purchased from the fitted estimates, the consumer surplus
in dollars per policy is,
CSH =

n
X
i=1

n

X
yi⇤ 2
/n =
2 1
i=1

ŷi2
/n = 591,
2 1

(4.17)

in 1998 dollars per policy. For comparison, the mean premium per year is 522 dollars
and the consumer surplus is approximately 113 percent of the premium. In 2010 dollars,
CSH = 791.
It is also possible to estimate the consumer surplus using the observed insurance
demand instead of the fitted estimate for purchases. In this case, the consumer surplus is
estimated using equation 4.13 where yi is the observed amount of insurance purchased.
Again, the consumer surplus is estimated for each survey respondent and the average con-
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Non-Required

Floodplain

All Respondents

Adjusted for year

1998

2010

1998

2010

1998

2010

Consumer surplus (fitted demand)
Standard error
Observed SD

591
40
1239

791
54
1659

1632
49
1942

2184
66
2600

1490
47
1915

1994
63
2564

Consumer surplus (observed demand)
Standard error
Observed SD

1165
24
1755

1560
32
2350

1448
30
2181

1938
40
2920

1415
29
2131

1894
39
2853

Table 4.5: Estimates of the consumer surplus for flood insurance, high premium (dollars per policy)

sumer surplus is calculated. The process is replicated for the lower-bound of the insurance
premium rate and again replicated for the model where the estimates are based only on
those survey respondents with properties located on the floodplain and for all survey respondents, regardless of where their property is located. The results for all cases of the
higher-bound of the premium estimate are included in table 4.5 and the estimates for all
cases with the lower-bound premium estimate are included in table 4.6.
These results show an increasing consumer surplus as the number of respondents
required to purchase insurance increases. Regardless of which premium is selected or how
the mean consumer surplus is calculated, the lowest consumer surplus is for the group of
voluntary purchasers. The second lowest consumer surplus is estimated for all respondents.
Finally, the largest consumer surplus is estimated for respondents with properties located
on the floodplain. The increasing surplus can stem from two potential sources.
The first potential source is that respondents on the floodplain have the highest
risk relative to all other groups and should benefit more from purchasing insurance against
flooding. The second potential source is that floodplain respondents are required to purchase insurance, in many cases, and this increased consumer surplus may be the effect of
the regulatory requirement to purchase flood insurance. Using the available data, it is not
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Non-Required
Adjusted for year

Floodplain

All Respondents

1998

2010

1998

2010

1998

2010

Consumer surplus (fitted demand)
Standard error
Observed SD

352
23
696

472
30
932

990
29
1151

1326
39
1540

866
26
1086

1159
35
1454

Consumer surplus (observed demand)
Standard error
Observed SD

638
13
961

854
17
1286

852
17
1284

1140
23
1718

788
16
1186

1054
22
1588

Table 4.6: Estimates of the consumer surplus for flood insurance, low premium (dollars per policy)

possible to distinguish between the two sources, but the group of respondents not required
to purchase flood insurance includes respondents sited on the floodplain. Accordingly, the
consumer surplus for the voluntary purchase group is probably a more accurate depiction
of the true consumer surplus for the NFIP.
If an insurance program is actuarially fair such that the claims and premiums are
asymptotically equal, then this estimate can be compared to the associated values found
by Farrow and Scott (2013). Farrow and Scott (2013) found an ex ante consumer surplus
for the NFIP of up to 19 percent of the expected losses using an expected utility estimating
framework which is much smaller than the estimate found in this analysis. Since the NFIP is
not actuarially fair and claims exceed premiums, then the difference between the estimates
will decrease.
There is a broad range between the results of the transformation using the fitted
estimate of demand and the corresponding results of the transformation using the observed
demand. Haab and McConnell (2002, p. 163) explain the difference is due to the concavity
of the demand curve, which is convex toward the origin. Using the the observed demand
implies an assumed linearity to the demand curve that does not exist, as shown in figures 4.1
and 4.2. Haab and McConnell note Tobit models should probably use the fitted estimate of
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demand due to the concavity, but also state the choice is a “subjective decision depending
on the survey design and the confidence in data collection methods.”

4.5

Conclusion

Estimates are found for the consumer surplus of the

NFIP .

From a theoretical perspective,

the estimates for the consumer surplus provide insight into how differently affected parties
respond to market demands in the economic environment. The estimate controls for some
risk factors, and importantly controls for the income of program participants. However,
this estimate has some limitations. One limitation is the decision to exclude policyholders
required to participate. Being required to participate relates to being located on a higher
risk property, and higher risk should increase the consumer surplus for flood insurance.
However, some significant proportion of required

NFIP

purchasers allow the coverage to

lapse within a few years of initial purchase. Those lapses indicate those purchasers have no
expected consumer surplus from the

NFIP .

Policyholders who are located in an increased

risk zone but without a mortgage, therefore not triggering the NFIP requirement, could have
a higher tolerance for risk or may, due to increased relative wealth, have a greater capacity
to self-insurance against some risks.
Nevertheless, the analysis is the first attempt to find a consumer surplus for the NFIP
using payment data. Prior studies cited in chapter 2 note there is a decrease in wealth or
housing prices associated with properties in higher risk zones. However, prior studies did
not directly touch on the consumer surplus for flood insurance. The estimate also provides
the first estimate of the consumer for flood insurance could be the basis of an open market
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in flood insurance in the United States. The central results, based on voluntary actions
of potential policyholders within 1000 feet of the coastline indicate a substantial average
consumer surplus per policy.

CHAPTER 5

RETROSPECTIVE ANALYSIS: RESULTS

Using the data described in chapter 3 and the consumer surplus for the National Flood Insurance Program (NFIP) estimated in chapter 4, it is possible to conduct the benefit-cost
analysis (BCA) of the NFIP and Flood Mitigation Assistance (FMA) programs. This estimation will use the model developed in chapter 3 with the data to find the net social benefits
(NSB). The results are subject to sensitivity analysis and interpretation.

5.1

Estimation Process and Discussion

The first step in the estimation is to aggregate the individual county-level records for premiums and claims into annual national figures for the insurance program. In addition, the
state-level and county-level information for

FMA

grants is aggregated to the national level

and broken down by year for the program. The summary table, following the initial aggregation, is available in table 5.1.
The second preparatory step is to adjust each year’s values to account for the social
discount rate (SDR), creating a present value for year 2010. This step can be conducted prior
to final values for each year provided it is performed consistently across all static values.
94
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Year

Premiums

Claims

Policies

Grants

Expenses

1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

1, 275, 142, 562
1, 509, 751, 333
1, 668, 235, 535
1, 719, 638, 552
1, 723, 812, 790
1, 740, 329, 954
1, 802, 277, 733
1, 897, 687, 275
2, 040, 786, 564
2, 241, 133, 158
2, 604, 712, 840
2, 843, 351, 919
3, 066, 725, 391
3, 187, 064, 468
3, 353, 755, 725

827, 788, 942
519, 537, 378
886, 210, 419
754, 832, 560
251, 720, 536
1, 275, 673, 854
432, 350, 618
772, 850, 737
2, 220, 079, 025
17, 639, 483, 528
638, 772, 642
608, 773, 264
3, 415, 230, 017
766, 009, 252
758, 008, 836

3, 693, 018
4, 102, 349
4, 235, 117
4, 329, 952
4, 369, 074
4, 458, 468
4, 519, 798
4, 565, 490
4, 667, 376
4, 961, 792
5, 514, 675
5, 655, 774
5, 684, 268
5, 700, 232
5, 646, 726

928, 908
12, 021, 927
14, 906, 886
14, 441, 432
17, 166, 934
12, 370, 107
10, 660, 750
12, 230, 469
18, 933, 819
18, 353, 438
23, 077, 677
27, 617, 448
105, 828, 960
120, 832, 707
72, 689, 815

20, 562, 000
20, 981, 000
21, 610, 000
22, 685, 000
24, 333, 000
25, 736, 000
28, 798, 000
32, 393, 000
32, 663, 000
33, 336, 000
36, 496, 000
38, 230, 000
45, 642, 000
49, 418, 000
52, 149, 000

Table 5.1:

NFIP

premiums, claims, policies, grants, and expenses (nominal dollars)

Because the figures represent historical information, social discounting inflates a particular
year’s value by the cumulative

SDR .

As a result, prior spending increases in value as time

passes. The results are presented in table 5.2. The mean value, during the study period, of
the SDR was 4.817 percent with a range of values from 3.21 percent to 6.46 percent. These
figures are derived from the long-term borrowing rate for the United States government by
averaging monthly borrowing figures for the October-September period, to account for the
United States government’s fiscal year.
At the end of this process, there is a dataset representing annualized amounts of
the premiums, claims, coverage, and grants for the
value

SDR

NFIP

and

FMA

programs, with present

adjusted to 2010 dollars. The dataset also includes the number of policies for

each year, also SDR-adjusted to 2010 count. With these basic adjustments completed, it is
possible to find the annual NSB in 2010 dollars and aggregate the results to find the NSB of
the NFIP over the study period.
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Year

Premiums

Claims

Policies

Grants

Expenses

1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

2, 426, 968, 104
2, 699, 052, 485
2, 824, 937, 152
2, 766, 215, 350
2, 611, 746, 264
2, 505, 980, 505
2, 476, 360, 054
2, 508, 507, 094
2, 586, 304, 130
2, 725, 526, 051
3, 023, 783, 544
3, 152, 009, 793
3, 271, 590, 627
3, 294, 135, 475
3, 353, 755, 725

1, 575, 523, 725
928, 801, 068
1, 500, 680, 620
1, 214, 225, 752
381, 381, 419
1, 836, 900, 986
594, 057, 054
1, 021, 612, 772
2, 813, 522, 812
21, 452, 037, 207
741, 544, 394
674, 858, 176
3, 643, 376, 269
791, 743, 711
758, 008, 836

7, 028, 890
7, 333, 960
7, 171, 613
6, 965, 173
6, 619, 578
6, 419, 951
6, 210, 279
6, 035, 011
5, 915, 001
6, 034, 221
6, 401, 928
6, 269, 732
6, 063, 992
5, 891, 734
5, 646, 726

1, 767, 983
21, 492, 157
25, 242, 848
23, 230, 527
26, 009, 597
17, 812, 281
14, 648, 051
16, 167, 162
23, 994, 971
22, 320, 305
26, 790, 631
30, 615, 438
112, 898, 610
124, 892, 141
72, 689, 815

39, 135, 482
37, 508, 707
36, 593, 689
36, 491, 154
36, 866, 893
37, 058, 441
39, 568, 939
42, 819, 526
41, 394, 065
40, 541, 159
42, 367, 820
42, 380, 028
48, 691, 004
51, 078, 222
52, 149, 000

Total

42, 226, 872, 354

39, 928, 274, 800

96, 007, 788

560, 572, 518

624, 644, 129

Table 5.2: Socially discounted NFIP premiums, claims, grants, and expenses (2010 dollars)

5.1.1

Insurance Program

The insurance program’s NSB will be calculated using equation 3.24,
S=

'µ

⇣

m⇣ + m.

(5.1)

The annualized net social benefits are calculated by applying equation 5.1 for each year in
the study period. This creates annualized NFIP NSB estimates for each year in 2010 dollars.
The sources of the variables in the equation are:
•

is the consumer surplus for flood insurance per policy,

•

is the number of policies,

• ' is the administrative fee rate paid through the Write Your Own (WYO) program,
• µ is the amount of premiums paid to the NFIP,
• ⇣ is the cost of managing the NFIP to the government,
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Year

NSB

1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

5, 515, 966, 117
5, 554, 072, 291
5, 549, 640, 418
5, 324, 271, 950
4, 866, 966, 698
5, 089, 640, 477
4, 614, 695, 441
4, 573, 754, 248
4, 916, 146, 757
9, 648, 860, 463
4, 712, 060, 734
4, 570, 301, 012
5, 122, 683, 903
4, 266, 941, 714
4, 053, 847, 430

Total

78, 379, 849, 652

Table 5.3: Socially discounted NSB for the NFIP (2010 dollars)

• m is the marginal excess tax burden (METB), and
•  is the claims paid by the NFIP.
The annualized results are presented in table 5.3. Therefore, the NSB due to the NFIP from
1996 to 2010 is computable by summing the annualized estimates of the NFIP’s NSB. The
sum is 78.38 billion dollars. The sum is the net social benefits notionally aggregated to
2010. Because the

NFIP ’s

benefits are presumed to occur contemporaneously with any

transfer of benefit, there are no discounted future returns. Therefore, the year 2060 NSB of
the

NFIP

are equal to the year 2010

section 5.2.

NSB .

The sensitivity of these results is investigated in

98

5.1.2

Flood Mitigation Activities

Per the results of Rose et al. (2007), FMA grants have a point value estimate of benefit-cost
ratio (BCR) of 5, based on the underlying assumption that the return period for an FMA grant
is 50 years and an

SDR

of 2 percent. Based on this information, it is possible to estimate

an annualized rate of return for the average

FMA

project using a root-finding algorithm.

When done, the annualized rate of return is approximately 15.91 percent, for every year
up to fifty years from the grant date. The value does not include any social discounting
for future returns, therefore it is necessary to apply social discounting independently of the
annualized rate of return.
This factor can be used with the previously socially discounted FMA grant amounts
to find the net present value of each year’s FMA grants over the study period. For the study
period, the 15.91 percent return for every year after the grant is made until 2010. The rate
implies a payback period of approximately 6.3 years. The results of this process are given
in table 5.4.
The returns column of table 5.4 shows a decreasing

NSB

in later years. This is

due to the return rate for FMA projects having not yet returned the original investment, but
artificially reduces the effects of later FMA grants to negative levels as the later grants have
not been in place long enough to have earned a positive return. The point estimates of the
NSB

for the FMA program are created by summing the NSB for each year.
Because of the bias against later projects, the cumulative NSB for the FMA projects

is negative on a retrospective basis. Using the original estimate of the

BCR

for the

FMA

programs developed by Rose et al. (2007), the 50 year return on the FMA can be calculated.
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Table 5.4:

Using the
BCR

BCR

of 5, the

Year

Grants

Returns

1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

1, 767, 983
21, 492, 157
25, 242, 848
23, 230, 527
26, 009, 597
17, 812, 281
14, 648, 051
16, 167, 162
23, 994, 971
22, 320, 305
26, 790, 631
30, 615, 438
112, 898, 610
124, 892, 141
72, 689, 815

281, 315
3, 683, 984
7, 506, 042
10, 826, 659
14, 335, 876
16, 458, 998
18, 036, 153
19, 924, 175
22, 919, 670
25, 545, 762
28, 648, 059
32, 227, 956
48, 978, 131
67, 325, 898
76, 703, 686

FMA

NSB

grant returns by year (millions of 2010 dollars)

of the

FMA

through the year 2060 can be calculated. This

assumes an SDR of 2 percent. Based on these values, the NSB of the FMA program is

-167.17 million dollars in 2010 with long-term NSB of 2.80 billion dollars to 2060.
It is useful to understand how the long-term returns to the
additional gains in the

NSB

FMA

program provide

for the combined programs. While the analysis included here

is a retrospective analysis, it is useful to estimate the long-term impacts of past flood mitigation efforts to better understand the impacts of the NFIP and FMA programs. In addition
to capturing the long-term gains, such an analysis shows the 50 year difference in returns
between the NSB to 2010 and the NSB to 2060. However, the 2060 figures are limited to not
including grants or flood insurance activities following 2010 and only gives the long-term
NSB

of the study period from 1996 to 2010. The values given for the long-term benefits to

2060 are given in the present value of 2010.
Following the creation of

NSB

estimates for both the

NFIP

and

FMA

programs, the
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Year

NSB (2010)

NSB (forecast to 2060)

1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

1, 486, 669
17, 808, 173
17, 736, 806
12, 403, 868
11, 673, 721
1, 353, 283
3, 388, 102
3, 757, 013
1, 075, 302
3, 225, 457
1, 857, 428
1, 612, 518
63, 920, 479
57, 566, 243
4, 013, 871

8, 839, 917
107, 460, 785
126, 214, 242
116, 152, 636
130, 047, 983
89, 061, 407
73, 240, 255
80, 835, 811
119, 974, 857
111, 601, 523
133, 953, 155
153, 077, 191
564, 493, 049
624, 460, 706
363, 449, 073

Total

167, 170, 154

2, 802, 862, 590

Table 5.5: Socially discounted NSB for the FMA (2010 dollars)

last step necessary to create a point estimate is add the two estimates. The
NFIP

NSB

of the

is estimated at 78.21 billion dollars in 2010 and long-term benefits to 2060 of 81.18

billion dollars. The NSB grows due to FMA returns increasing over time. The amounts paid
through the insurance program to compensate claims are presumed to have no long-term
returns. However, there is a long-term benefit from the
NSB

FMA

program, which doubles the

of the combined NFIP and FMA programs.
Of the inputs to the NFIP social surplus model and the FMA grants, the largest con-

tributing factors are the change in the
shown in figure 5.1, the
surplus. The large

METB

METB

METB

and the consumer surplus for the

NFIP .

As

for 2005 is roughly as large as the change in the consumer

in 2005 is due to the assumption the

NFIP ’s

revenues offset the

potential economic burden of taxes necessary to compensate flood victims through special
payments if the

NFIP

did not exist. Since the amount of special payments is presumed to

mirror the claims made against the NFIP, the amount of the METB varies accordingly. The
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2010
2009
2008
2007
2006
2005
2004
2003
2002
2001
2000
1999
1998
1997
1996
0.0

2.5

5.0

7.5

10.0

Shift in NSB per component (billions of dollars)
Source

FMA

METB

NFIP CS

NFIP Exp.

WYO

Figure 5.1: Tornado plot of NSB per component by year
METB
NFIP

is also positive, in this analysis since the presumption is the taxes are not paid if the

does exist. Accordingly, the METB and associated taxes are not a cost to the economy.
The

METB

in 2005 is larger than other years due to the effects of two major hurri-

canes, Katrina and Rita, which struck the Gulf Coast causing major flooding. The effect
of the METB on the results prompts the first two sensitivity tests. The first investigates the
effect of the year 2005 on the results. The second investigates the effect of the

METB

on
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the results. The results of the base analysis and all of the sensitivity analyses are presented
in table 5.9.
The consumer surplus, however, is a consistently large benefit year-over-year that
drives the analysis towards a positive

NSB .

The strength of the consumer surplus results,

however, can be questioned due to the assumption that voluntary policyholders represent
the average consumer, as presented in chapter 4. Therefore, the consumer surplus’s impacts
will also be analyzed in the sensitivity analysis.

5.2

Sensitivity Analysis

Sensitivity analysis can contribute to understanding these results by providing a measure
of the uncertainty in the point estimates. There are two major approaches to the sensitivity
analysis that will be used. The first involves excluding certain parameters from the sum,
such as excluding a year or an element of the social surplus. The second is through Monte
Carlo simulation (MCS), which test assumptions and results given uncertainty about some,
but not all, of the parameters of the analysis.

5.2.1

Impact of Hurricanes Katrina and Rita

In August 2005, Hurricane Katrina struck the Gulf Coast causing severe damage to Louisiana,
Mississippi, and Texas. Katrina’s most severe damage was to New Orleans, which was also
hit by the large storm surge causing substantial flooding throughout the city. Katrina caused
an estimated 1.2 million people to be evacuated from the Gulf Coast and 25.8 billion dollars in losses to the NFIP. In addition to the Gulf Coast damage, Katrina caused tornadoes
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and severe rainfall throughout the eastern United States. Katrina and related events killed
more than 1800 people in the United States. Katrina is considered one of the worst natural
disasters in American history (Knabb, Rhome, & Brown, 2005).
In September 2005, Hurricane Rita then struck the Gulf Coast. While the damage
was less severe, and concentrated along the Texas coastline, Rita was a large hurricane in
its own right. Occurring only three weeks after Katrina, Rita extended the time required to
remove flood waters from Katrina-affected areas. Rita and related events killed 55 people
in the United States and, like Katrina, caused severe rainfall throughout the United States
as the storm dissipated (Knabb, Brown, & Rhome, 2006).
To understand the impact of Hurricanes Katrina and Rita on the NSB of the NFIP, the
simplest approach is to exclude the year 2005 from the dataset and reperform the analysis.
The year 2005 included a number of other smaller flood events. The data granularity do
not permit elimination of transactions based on a particular event. Therefore, the simplest
solution is to eliminate the year 2005 from the analysis. This includes the summary figure
for the

FMA

program, despite the fact

FMA

grants from 2005 were not likely affected by

the hurricanes.
Excluding 2005, the

NSB

of the

NFIP

is estimated at 68.56 billion dollars in 2010

and long-term benefits of 71.42 billion dollars. The positive NSB in 2010 shows there is a
general benefit in current terms from the NFIP and FMA programs. In addition, the NSB of
the results in 2060 are positive due to the long term returns from the FMA program. These
results suggest the benefits from the FMA program offset the costs of the NFIP program from
a social accounting perspective, given an approximately average year of claims. Interpreted
another way, the the

NSB

of the

NFIP

and

FMA

programs increases with larger or more
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frequent flood disasters.

5.2.2
The

Impact of the Marginal Excess Tax Burden

METB

is justified on the grounds that a tax on any economic activity will affect the

decision to engage in the activity at the margin (Office of Management and Budget, 1992).
If an individual chooses not to engage in an activity due to the increased cost caused by a
tax, there is a greater economic loss caused by the tax. Therefore, BCA should include the
potential loss in economic activity as a cost of a project.
In this analysis, the
of the

NFIP .

The

METB

METB

is a benefit because the

METB

is not lost in the case

is only an economic loss if tax revenue is required to pay for

flood recovery. Since the tax revenue is not required, the

METB

is a benefit. However, the

assumption the government would fund continued flood recovery is not necessarily valid
and subject to investigation. To understand the impact of the

METB

on the results, it is

useful to recalculate the results as if the ad hoc payments value in the social surplus is zero.
This effectively excludes the METB benefits while still including the METB for the costs of
operating the NFIP.
When excluding the METB from the social surplus estimate, the NSB of the NFIP is
estimated at 68.23 billion dollars in 2010 and long-term benefits to 2060 of 71.20 billion
dollars. While excluding the

METB ,

this estimate does include the year 2005 non-METB

costs and benefits. Both the current results and the long term results from this sensitivity
analysis are negative. Without the benefit of not tax-funding recovery efforts, the combined
programs have a negative

NSB .

As the analytical assumption the government would tax-
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fund relief programs in the absence of the NFIP is difficult to quantify, the negative results
present a scenario in which the government performs no relief. In a sense, if viewing the
NFIP

as a standalone program with no associated political or historical environment, the

NFIP

has a negative

NSB

due to the large social costs of implementation. Further sensitiv-

ity analysis will examine the results with respect to a range of

METB

values and ad hoc

payments.

5.2.3

Impact of the Consumer Surplus

As shown in chapter 4, the consumer surplus is approximately 791 dollars per policy in
2010 dollars. This was based on a sample of potential policyholders who were not required
to purchase flood insurance. Due to the sample, the result is likely biased and overstated
due to the increased value a policyholder would receive from purchasing a flood insurance
policy in a higher risk area. In addition, those who are required to purchase flood insurance
would prefer not to, have a consumer surplus of zero from the program, which would also
reduce the average consumer surplus.
Accordingly, it is useful to understand the impact of the consumer surplus on the
NSB

estimates. This analysis includes a sensitivity analysis over the consumer surplus.

Ideally, the analysis would find a break-even point for the percentage of policyholders
being voluntary participants that would lead to a zero-dollar

NSB

for the

NFIP .

However,

the NSB remains positive even if the consumer surplus from the NFIP’s insurance program
is zero. Excluding the consumer surplus, the

NSB

of the

NFIP

is estimated at 2.28 billion

dollars in 2010 and long-term benefits to 2060 of 5.25 billion dollars.
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There is an interaction between the regained ad hoc payments benefit and the consumer surplus for the NFIP that generates a large positive NSB. But both values are based on
the broad assumptions of how potential policyholders behave in the marketplace. The interaction leads to the conclusion that if there were not voluntary flood insurance purchases
and there were no expectation of a government-funded recovery effort, then the NSB of the
NFIP

would be negative.

5.2.4

Monte Carlo Simulation: Simultaneous Uncertainty

An MCS of the NFIP’s costs and benefits is useful to understand the impact of the program
and the relative impact of different features of the program on the

NSB .

As described

in section 3.2.1, some of the parameters are known to the limits of administrative accuracy
while others are estimates. The MCS integrates assumptions about the statistical distribution
for several variables. The distributional assumptions are for
• the METB,
• the consumer surplus for flood insurance,
• the percentage paid to insurers in WYO fees, and
• the NSB of FMA programs.
Each of these assumptions is based on estimated impact levels and is subject to sensitivity
concerns. In contrast, other values such as the amount of claims paid into the

NFIP

or the

value of grants given as part of the FMA, are assumed to be known given the nature of this
analysis. This is due to the retrospective orientation of the analysis. The variables included
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Variable

Distribution

Parameters

METB

Uniform
Uniform
Normal
Log-normal

Lower bound: 0.18, Upper bound: 0.28
Lower bound: 0.15, Upper bound: 0.17
Mean: 791, Standard deviation: 1659
Mean: 5, Standard deviation: 1.1

Fees paid to insurers
Consumer surplus from the NFIP
FMA BCR

Table 5.6: Sensitivity analysis parameters

are the principal analytical variables included and will show the distribution of the

NSB

beyond the base case. Beginning with equation 3.24,
S=

'µ

⇣

m⇣ + m,

(5.2)

six variables must be addressed in the sensitivity analysis.
Several variables are measured directly from historical data. The variables , µ,
, and ⇣ are directly measured and are not estimates. While there can be some possible
measurement error due to filing errors, the values of , µ, , and ⇣ are derived directly
from financial statements are considered to be accurate. The variables to be analyzed are
listed in table 5.6.
The first variable to be investigated through the sensitivity analysis is , the amount
of the consumer surplus from the NFIP per policy. The multiplier is estimated in chapter 4
and a distribution for the multiplier is also estimated. The distribution is normal with mean
791 and standard deviation of 1659.
The second variable to be analyzed is m, the METB. Based upon the work of Boardman et al. (2010), there is a range given for potential values from 0.18 to 0.28. The sensitivity of the METB on the results will be tested over the range of [0.18, 0.28] over a uniform
distribution.
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The third variable to be analyzed is ', the

WYO

fees paid to producers. The value

is fixed through the regulatory process with a lower bound of 0.15 and an upper bound of
0.17. The sensitivity analysis of value of the fees assumes a uniform distribution to model
the expected value of the WYO fee percentage industry-wide.
The final variable to be analyzed as part of the sensitivity analysis is R, the BCR of
the FMA program grants. The authors of the report note the distribution is log-normal and
provide a standard deviation of 1.1, suitable for use in this sensitivity analysis.
The sensitivity analysis yields a mean

NFIP NSB

of the benefits to 2010 of 85.03

billion dollars (s.d. 156.75). There are 69.9 percent positive trials from the MCS. Similarly,
the analysis yields a mean

NFIP NSB

of the long-term benefits to 2060 of 88.01 billion

dollars (s.d. 156.75). There are 70.6 percent positive trials from the MCS. The distribution
of the trials is shown in figure 5.2.
When excluding the impacts of Hurricanes Katrina and Rita, the sensitivity analysis
yields a mean NFIP NSB of the benefits to 2010 of 75.34 billion dollars (s.d. 146.88). There
are 69.5 percent positive trials from the
NSB

MCS .

Similarly, the analysis yields a mean

NFIP

of the long-term benefits to 2060 of 78.21 billion dollars (s.d. 146.88). There are 69.5

percent positive trials from the MCS. The distribution of the trials is shown in figure 5.3.
In the base case, the mean NSB of the sensitivity analysis is positive and the majority
of trials tested had a positive

NSB

to 2010 and for long-term returns to 2060. Without the

effects of Hurricanes Katrina and Rita, the mean

NSB

to 2060 were still positive as were the majority of

and 2010 and the long-term returns

MCS

trials tested. However, the results

were several billion dollars lower in each instance. With the NSB likely positive, under this
uncertainty model, the base analysis showing a positive

NSB

is reinforced. Under these

109

−250

0

250

500

Dollars (Billions)
Base 2060 NSB

Density

Figure 5.2: Distribution of sensitivity analysis outcomes (year 2060)

circumstances, it is useful to know how major variables respond to greater uncertainty. The
first to be investigated is uncertainty in the ad hoc payments estimate.

5.2.5

Monte Carlo Simulation: Uncertainty in ad hoc Payments

This analysis relies on the assumption there are gains in the

NSB

from the

NFIP

for not

requiring taxpayers to fund direct grants and payments to flood disaster victims through
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Figure 5.3: Distribution of sensitivity analysis outcomes, excluding 2005 (year 2060)

ad hoc payments if the

NFIP

did not exist. The assumption is the ad hoc payments match

the claims made in the event the

NFIP

does exist. However, the assumption has a large

impact on the results as shown in section 5.2.2. A special sensitivity analysis that uses
stochastic simulation over the parameters of the ad hoc payments was used to test the
effects of this assumption. This is accomplished by first estimating the distribution of
claims at the national level per year. The distribution of the claim at the national level per
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Variable

Distribution

Parameters

ad hoc recovery funds

gamma

Shape: 0.788
Scale: 2.69 billion

Table 5.7: Sensitivity analysis parameters for ad hoc payments

year presumably follows a gamma distribution since the gamma distribution is frequently
associated with modeling insurance claims (Embrechts, Klppelberg, & Mikosch, 1997).
Other options for simulating the distribution of claims include the generalized extreme value distribution and the Weibull distribution, both of which are also used to model
claims or damages from extreme events. In general, all these models are well suited for
capture the extreme events are frequently associated with weather-related modeling efforts.
In this case, using 16 years of data, the gamma distribution is a good fit and simple to
estimate. The parameters for the distribution are given in table 5.7, which provide for a
large scale. The scale of a gamma distribution describes the magnitude of the random variables generated. The shape of a gamma distribution describes the distribution’s skewness.
This estimation is based on the

SDR -adjusted

claims estimates, allowing them to include

inflationary and other time-based adjustments necessary in a BCA.
For the purposes of this sensitivity analysis, all other variables input into this model
are held static. Therefore, the only varying input is the amount of claims and the associated
presumed effects of ad hoc payments made in the absence of the

NFIP

to property owners

affected by flood disasters.
The sensitivity analysis yields a mean NFIP

NSB

of to 2010 of 76.59 billion dollars

(s.d. 9.29). There are 100 percent positive trials from the
yields a mean

NFIP NSB

MCS .

Similarly, the analysis

of the long-term benefits to 2060 of 79.39 billion dollars (s.d.
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Figure 5.4: Distribution of sensitivity analysis outcomes for ad hoc payments (year 2060)

9.29). There are 100 percent positive trials from the

MCS .

Because the amount of claims

are the key distinguishing feature between whether or not the effects of Hurricanes Katrina
and Rita are included, the results for this sensitivity analysis without the year 2005 are not
included. However, the effects of the hurricanes are included in the distribution of claims
used in this sensitivity analysis.
In this analysis, the mean NSB to 2010 are positive, and all of the simulated MCS tri-
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Figure 5.5: Benefits-costs sensitivity to the expected claims for flood insurance (year 2060)

als tested are positive, as well. There is a long tail in the sensitivity analysis from the larger
but less frequent flood events that are modeled through the gamma distribution. However,
as the base

NSB

without ad hoc payments is positive, so are any possible

NSB

with an ad

hoc payments benefit added. This points to the importance of the amount of consumer surplus in finding the

NSB

under the social surplus model, which was also found through the

special case analysis where the METB is zero.
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Variable

Distribution

Parameters

Percent of fees as economic cost
Fees paid to insurers

Uniform
Uniform

Lower bound: 0, Upper bound: 1
Lower bound: 0.15, Upper bound: 0.17

Table 5.8: Sensitivity analysis parameters for the producer surplus

5.2.6

Monte Carlo Simulation: Uncertainty in Producer Surplus

This analysis integrates the assumption the payments made to insurance companies to administer the

NFIP

are a pure economic cost to society. This assumption, if incorrect, may

artificially reduce the gains to the

NSB

by failing to account for the benefits identified as

producer surplus received by the insurance companies for administering the program. It
is difficult to produce a reliable estimate for the gains attributable to the NFIP as insurance
companies do not report profitability ratios on the administrative work.
This sensitivity analysis investigates the impacts this assumption has on the NSB by
varying two input variables to the model. The first variable is the amount of fees, which is
varied between the upper and lower bounds as in the principal sensitivity analysis. Additionally, a new variable, ⇢, representing a multiplier, models alternative assumptions about
the producer surplus. The multiplier represents what portion of the fees are an economic
cost in the producer surplus. In this sensitivity analysis, the variable ⇢ is varied with a
lower bound of zero percent. The lower bound is the case where the producer surplus is a
total profit to the insurance companies. The upper bound of variance is 100 percent, where
the insurance companies receive a total loss on the fees administering the program. For
the purposes of this sensitivity analysis, all other variables input into this model are held
constant.
The sensitivity analysis yields a mean

NFIP NSB

to 2010 of 81.62 billion dollars
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Value in year

2010

Forecast to 2060

Base analysis
Excluding 2005
Excluding METB
Excluding the NFIP Consumer Surplus
Sensitivity analysis mean
Sensitivity analysis mean (excluding 2005)
Sensitivity over ad hoc payments
Sensitivity over the producer surplus
Sensitivity over the producer surplus (excluding 2005)

78.21
68.56
68.23
2.28
85.03
75.34
76.59
81.62
72.45

81.18
71.42
71.20
5.25
88.01
78.21
79.39
84.59
74.61

Table 5.9: Summary of BCA results (billions of dollars)

(s.d. 1.96). There are 100 percent positive trials from the
yields a mean

NFIP NSB

MCS .

Similarly, the analysis

of the long-term benefits to 2060 of 84.59 billion dollars (s.d.

1.96). There are 100 percent positive trials from the MCS. The distribution of trials for the
analysis are shown in figure 5.6.
When excluding the impacts of Hurricanes Katrina and Rita, the sensitivity analysis
yields a mean NFIP

NSB

positive trials from the

to 2010 of 72.45 billion dollars (s.d. 1.84). There are 100 percent

MCS .

Similarly, the analysis yields a mean

NFIP NSB

of the long-

term benefits to 2060 of 74.61 billion dollars (s.d. 1.84). There are 100.00 percent positive
trials from the MCS. The distribution of trials for the analysis are shown in figure 5.7.
The sensitivity of the results over the producer surplus is interesting for being positive for all attempted trials. The result holds even in the case where the analysis excludes
2005. This is because the sensitivity analysis is conducted on the producer surplus, presumed negative in the base case, and reduces the impact from 100 percent to zero percent.
Accordingly, all of the results are incrementally larger than the base.
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Figure 5.6: Distribution of sensitivity analysis outcomes for the producer surplus (year 2060)

5.3

Conclusions

With the base case analysis and sensitivity analyses completed, it is possible to test the
original hypothesis. The hypothesis asks if the

NSB

of the

NFIP

and

FMA

programs, com-

bined are greater than or equal to zero. If the results are positive, then the programs provide
an

NSB .

If not, then the programs are a cost to the economy. The first hypothesis test is
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Figure 5.7: Distribution of sensitivity analysis outcomes for the producer surplus, excluding 2005
(year 2060)

given by,
H0 : The net present value of the social benefits of the NFIP from 1996 through 2010 were
less than or equal to zero (0).
H1 : The net present value of the social benefits of the NFIP from 1996 through 2010 were
greater than zero (0).
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and the results of the base case estimate and the sensitivity analyses are given in table 5.9.
The base case estimate for the net change in

NSB

caused by the

NFIP

and

FMA

programs is positive at 78.21 billion dollars in 2010 and 81.18 billion dollars forecast to
2060. In addition, when the effects of Hurricane Katrina are excluded from the analysis,
the results remain positive with an

NSB

of 68.56 billion dollars in 2010 and 71.42 billion

dollars forecast to 2060. Finally, when the sensitivity analysis is conducted, the results are
positive for any potential change in the distribution of benefits or costs, with a minimum
value of the change in

NSB

of -372.68 billion dollars and a maximum value of the change

in NSB of 611.31 billion dollars.
Several variables contribute to the sensitivity of the

NFIP

program. An important

variable in the sensitivity analysis is , the consumer surplus for flood insurance. It combines with the number of policies in force, . The coverage level, however, is fixed and
known while the consumer surplus is estimated. So only the consumer surplus is varied
for the sensitivity analysis and across a fairly small range. This variable is the crux of the
analysis and the sensitivity to it is shown in figure 5.8. The consumer surplus is the most
significant component of the NSB and shifts in the consumer surplus translate directly into
changes in the NSB. In addition, the sensitivity analysis presumes a normal distribution for
the consumer surplus. The large number of zeros estimated when calculating per policy
consumer surplus values leads to a large standard deviation. This is because, empirically,
there is a large spread in the amount of flood insurance purchased by potential policyholders. Accordingly, there is a broad range for potential consumer surplus values estimated
and a

MCS

over the consumer surplus is over a broad range. Figure 5.8 shows how very

large, very small, and negative consumer surplus values affects the NSB. Lower consumer
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Figure 5.8: Benefits-costs sensitivity to the consumer surplus for flood insurance (year 2060)

surplus values lead to lower estimates of the NSB for the NFIP and negative NSB are possible
with a sufficiently large and negative consumer surplus estimate.
The second contributor to the sensitivity analysis is the

METB ,

represented by m.

This value is constrained by the specifications of the Office of Management and Budget
(OMB), and so there is little shift due to this. However, when the ad hoc payments were
tested over the range from zero through the amount of claims, the results remained positive,
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Figure 5.9: Benefits-costs sensitivity to flood insurance METB (year 2060)

as shown in figure 5.9. This is also true of the potential variance in the

WYO

fees paid to

insurers. Finally, though the FMA grants have a net social benefit of five times their value,
the amount of grants are small compared to the

NFIP

finances. The

FMA

grants, however,

push the NSB positive after accounting for the long-term returns in several of the analyses.
These results and sensitivity analyses indicate the United States society is better off
during this period with the NFIP than without. Numerous assumptions including the default
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BCA

standard of omitting distributional impacts are tested. However, several of the design

decisions made in this analysis should be addressed. One such design decision focused on
which estimate to for the consumer surplus. Two different models, presuming two different
premium payment levels were developed. However, the BCA only used the higher value for
premiums, which is associated with a lower deductible for policyholders. This decision is
based on reports of its common use. Overall, the decision increases the

NSB

to society by

approximately 319.38 dollars per policy, in 2000 dollars. Comparatively, the

NSB

of the

programs would decrease by 30.7 billion dollars when the high-premium estimate for the
NFIP ’s

consumer surplus is used.
Another design decision focused on the treatment of the WYO fees paid to insurers.

This analysis assumes those fees pay for the costs of implementing the program by producers and are simply subtracted from the NSB as such. However, it may be reasonable to
consider this as a profit-making activity by producers, some percentage of the
would be added to the

NSB .

WYO

fees

One possibility would be to use the industry average prof-

itability to calculate such a percentage, but this can cause some analytical difficulty. For
instance, industry profitability is not generally constant and involves unrelated business activities. This can also cause analytical problems if a major industry event, such as a severe
hurricane, caused non-flood losses to the industry, it would lower the positive impact for
that year, despite the clear benefits to the industry provided by the

NFIP

providing flood

coverage. Because of the reversed impacts, this analytical approach is not used.
The remaining major design decision, the presumption that if the government did
not provide flood insurance, it would pay for flood recovery through other means is important in the results. This is apparent in the final model, which expects funds to be paid to
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potential policyholders even if the program did not exist. The elimination of this expected
ad hoc funding would decrease the NSB in this model.
This and the preceding two chapters investigated the NSB for the NFIP and the FMA
programs and found there is a positive

NSB

for the programs during the analytical period

from 1996 to 2010. This positive impact is based upon the estimated consumer surplus
for flood insurance and other factors described herein. However, this is not the full picture
of the program and there may be social good created in how those benefits are distributed
amongst the population. The next chapter will reconsider this analysis from a distributionally weighted perspective.

CHAPTER 6

DISTRIBUTIONALLY WEIGHTED ANALYSIS

Distributional analysis provides a challenge to benefit-cost analysis (BCA). Standard

BCA

treats all parties equally and a distributional analysis alters that premise. Distributional
analysis studies the ways in which distribution of funds affects different social classes based
on economic or social status. With respect to

BCA ,

distributional analysis can change the

way standing is measured and reweight the impacts for different social groups. Therefore,
one approach to distributional analysis in

BCA

is to alter who has standing. For instance,

chapter 7 presents a BCA of of the National Flood Insurance Program (NFIP) where the only
party with standing is the federal government. Other standing restrictions can be created
for different analyses.
Other approaches use more nuanced weighting schemes to provide insight. Ideally, an analysis of each policyholder complete with income and asset information would
provide the best analysis of the distributional impacts of the

NFIP .

However, the Federal

Emergency Management Agency (FEMA) does not make policyholder level data available.
Information is provided at the county level for both the flood insurance and Flood Mitigation Assistance (FMA) components of the

NFIP .
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Given the differences in income and
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inequality between different counties, this a reasonable level of analysis.
Weighting schemes may be based on income or asset holdings of particular classes
of individuals. Using county-level information combined with known relative differences
in median income from county to county, it is possible to weight each county with respect to
each other. The weighting scheme used is based on the Atkinson index of income inequality
(Atkinson, 1970). This increases the marginal impact of NFIP funds in counties with lower
income levels and decreases the marginal impact in counties with higher income levels.

6.1

Methodology

The distributional analysis of the
vided by

FEMA

NFIP

will be completed using the county-level data pro-

for the finances of the program. However, the

FMA

grants are not neces-

sarily given at the county level. Some grants are awarded to cities and some are awarded
to counties. Aggregating city-level grants to their respective counties is possible. However,
some grants are awarded to state agencies, such as a state natural resources department, for
statewide impact. Other FMA grants are categorized by FEMA for statewide applicability.
These are more difficult to allocate to counties within their respective states because
the allocation scheme would introduce a bias into any distributional analysis. For instance,
allocating a statewide grant by population would increase the equity in the final analysis.
Alternatively, distributing them by population would decrease the equity in the final analysis. This analysis adopts a middle of the road approach and assigns the median weight, 1,
to all grants for which the finer-grained distributional impacts cannot be ascertained.
The amounts of payments vary widely from county to county, under both the in-
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Atkinson Distributional Weight
Quintile
First (0-20%)
Second (20-40%)
Third (40-60%)
Fourth (60-80%)
Fifth (80-100%)

✏ = 0.0

✏ = 0.25

✏ = 0.50

✏ = 0.75

✏ = 1.0

1.0
1.0
1.0
1.0
1.0

1.4
1.1
1.0
0.9
0.7

2.1
1.3
1.0
0.8
0.5

3.0
1.5
1.0
0.7
0.4

4.3
1.7
1.0
0.6
0.3

Table 6.1: Atkinson distributional weights (Farrow, 2011)

surance and

FMA

components. In addition, each county has different income levels and

different degrees of income inequality driven by each county’s unique economic patterns.
As a result, the NFIP insurance payments and FMA grants have a different economic impact
in each county. The net social benefits (NSB) with distributional analysis is the sum of the
NSB

with distributional analysis for both the insurance and FMA programs.
The models provided in section 3.2 are still valid for both the insurance program

and the

FMA .

This means the basic sufficient statistic for the

NFIP

is identical under a

weighted analysis. Additionally, the FMA grants are studied using the same method. However, before the annualized aggregates are collected, the individual county-level figures, for
both

NFIP

finances, and

FMA

grant allocations, are adjusted by a distributional weighting

factor that increases or decreases the impact of a particular county’s relationship with the
NFIP

in relation to the county’s mean income. Counties with lower mean income receive a

more favorable impact from the programs. To accomplish this weighting, the counties are
rank-ordered based on income and weights established for each county based on rank and
relative income. Each county’s average income will serve as a proxy for personal income.
The counties shall be grouped by quintiles and weights selected from table 6.1. In
particular, from the table, the column for ✏ = 0.5 will be used in the principal distribu-
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tional analysis. The weights themselves stem from the treatment of the marginal utility
of income. Farrow (2011) explains

BCA

normally treats the marginal utility as constant

across all groups. Therefore, U (yi ) = cyi for some constant c where U (yi ) is the utility
function and yi is the ith group. For distributional weighting and some aversion to income
inequality, ✏, then U (y, ✏) = cy ✏ . Therefore,
U (y, ✏)
=
U (y, ✏)

✓

cyi
cy

✏◆
✏

=

✓

yi
y

✏◆
✏

✓ ◆
yi
=
y

✏

✓ ◆✏
y
=
.
yi

(6.1)

Accordingly, the weighting is equal to the mean income divided by the group income, taken
to the power of the income aversion factor. In the case where ✏ = 0, the relative weightings
for each group are 1 and is the same as the normal

BCA

treatment. In this analysis, the

case where ✏ = 0 is identical to the analysis in chapter 5. Farrow (2011) provides quintile
weights for the United States when ✏ = {0.0, 0.25, 0.5, 0.75, 1.0}.
In addition, counties will be reordered for each year of analysis to allow for relative
changes in income that may shift relative weights. Following the initial weighting of each
county’s

NFIP

figures, the analysis will follow the same procedures as implemented in

chapters 3 and 5.

6.2

Estimation Process

The first step in the estimation process is to distributionally weight each county’s observations based on the relative incomes of each county. This begins with the

NFIP

financial

data, as described in appendix B which is merged with the FMA grant information to which
is also described at the county level. However, in slightly more than one-quarter of the
grants provided under the

FMA ,

the county receiving the grant cannot be resolved due to
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the grant being made to a state agency. In these cases, a new entry in the merged dataset
is created that has no county descriptor. The end result of this is a dataset that contains the
the financial and grant data broken down by county and year, though county may be null.
Following this assembly, the dataset is merged with another dataset, called the
weightset, that provides the relative weights at each of the five distributional weighting
levels. The weightset are at the county level for every year of the study period. However, as the United States Census Bureau (USCB) does not provide county-level income
data for 1996, the county-level income data for 1997 is used for that year. The weights
were assigned to each county by sorting the counties by median income and assigning the
appropriate weightset to each quintile.
After the weightset data has merged with the financial data, some elements may
be missing weightsets. This includes those entries in the financial dataset for which there
is no county, such as state grants. This also includes Kalawao County, Hawaii, for which
income information was not available over several years in the study period. In these instances, the most conservative option is to weight

NFIP

financial transfers with a weight

of 1. This is equivalent to not weighting the entries at all but is also the median for each
weightset. While it may be possible to allocate statewide grants to the local level using
different methods, such as those based on population, income, or implied risk, the simple
method of median selection introduces no systemic bias as other potential methods might.
The county-level datasets are then copied once for each of the five Atkinson-weighting
levels described in the section 6.1. Then for each of the new panel datasets, the values of
premiums, policies, and grants are then multiplied by the Atkinson-weight for the county
of interest. This yields five county-level panel datasets representing the local impacts of
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Year

Premiums

Claims

Policies

Grants

1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

1, 049, 518, 722.8
1, 241, 895, 905.0
1, 349, 736, 463.8
1, 349, 905, 041.0
1, 346, 581, 445.4
1, 386, 350, 991.6
1, 450, 160, 777.3
1, 583, 706, 609.3
1, 685, 987, 380.6
1, 739, 882, 169.3
1, 902, 847, 347.2
2, 081, 132, 665.3
2, 318, 036, 613.6
2, 523, 668, 677.0
2, 634, 850, 330.1

718, 835, 745.8
438, 919, 767.6
784, 953, 761.1
645, 846, 649.4
231, 688, 144.4
759, 463, 252.0
393, 561, 315.0
600, 597, 282.5
1, 789, 609, 484.7
23, 376, 942, 570.1
467, 209, 082.8
427, 685, 359.3
2, 276, 783, 365.4
585, 803, 439.2
599, 404, 134.1

3, 693, 018.0
4, 102, 349.0
4, 235, 117.0
4, 329, 952.0
4, 369, 074.0
4, 458, 468.0
4, 519, 798.0
4, 565, 490.0
4, 667, 376.0
4, 961, 792.0
5, 514, 675.0
5, 655, 774.0
5, 684, 268.0
5, 700, 232.0
5, 646, 726.0

947, 134.1
9, 699, 461.2
13, 126, 107.8
12, 305, 573.7
14, 389, 797.4
10, 634, 545.1
9, 576, 561.4
10, 160, 435.2
17, 021, 751.2
16, 254, 347.1
17, 919, 540.1
18, 575, 013.8
75, 072, 562.8
93, 589, 286.3
57, 420, 620.1

Table 6.2: Atkinson-weighted (✏ = 0.5)
dollars)

NFIP

premiums, claims, policies, and grants (nominal

the NFIP and FMA programs at different distributional weighting levels.
Following distributional weighting, the county-level information is aggregated by
year, to give a single annualized national figure for premiums, claims, policies, and grants
for the

NFIP

and

FMA .

Since the aggregation does not span multiple years, there is no

need to include any adjustment for inflation. This process is repeated for each of the
Atkinson-weighted panel datasets. An example summary table for the programs by year
with Atkinson-weights for ✏ = 0.5 is available in table 6.2.
The last step is to adjust each year’s values to account for the social discount rate
(SDR), to compute the present value. This step can be conducted prior to final values for
each year provided it is performed consistently across all static values. Because the figures
represent historical information, social discounting inflates a particular year’s value by the
cumulative SDR since that year. As a result, prior spending increases in value as time goes
on. This process is repeated for each of the Atkinson-weighted panel datasets. A sample
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Year

Premiums

Claims

Grants

1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

1, 997, 540, 150
2, 220, 194, 912
2, 285, 600, 925
2, 171, 460, 998
2, 040, 203, 600
1, 996, 270, 046
1, 992, 545, 408
2, 093, 463, 616
2, 136, 664, 462
2, 115, 935, 933
2, 208, 995, 328
2, 307, 048, 416
2, 472, 887, 491
2, 608, 452, 575
2, 634, 850, 330

1, 368, 154, 024
784, 677, 227
1, 329, 215, 807
1, 038, 910, 714
351, 030, 372
1, 093, 585, 788
540, 759, 896
793, 915, 080
2, 267, 985, 532
28, 429, 576, 240
542, 378, 075
474, 112, 414
2, 428, 878, 419
605, 483, 796
599, 404, 134

1, 802, 672
17, 340, 177
22, 227, 335
19, 794, 780
21, 801, 961
15, 313, 167
13, 158, 357
13, 430, 835
21, 571, 793
19, 767, 521
20, 802, 604
20, 591, 410
80, 087, 605
96, 733, 465
57, 420, 620

Table 6.3: Atkinson-weighted (✏ = 0.5) socially discounted
(2010 dollars)

NFIP

premiums, claims, and grants

estimate of the socially discounted annualized figures with Atkinson-weights for ✏ = 0.5
are in table 6.3.
Three components of the social surplus model for the

NFIP

are handled in special

ways. The first component is the number of policies in force, . While not a dollar figure,
the number of policies in force is multiplied by a dollar figure, the consumer surplus. Since
the policies in force are available at the county level, it is subject to

SDR -adjustment,

like

in chapter 5. The policies-in-force component is also subject to Atkinson-weighting for
the same reason. In both cases, the results are mathematically equivalent to weighting the
consumer surplus estimate for each county or socially-discounting the consumer surplus.
The second and third components are ⇣, the amount of NFIP expenses, and , the amount of
claims paid out. This variable ⇣ is a national figure and is not Atkinson-weighted. The variable  is used for assess a tax impact, not actual payments, and is not Atkinson-weighted.
At the end of this process, there are five panel datasets representing annualized
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estimates of the premiums, claims, coverage, policies, and grants for the

NFIP

and

FMA

programs. These panel datasets are distributionally weighted using the Atkinson weights
as described in socially discounted 2010 dollars. With these basic adjustments completed,
it is possible to aggregate the panel datasets to find the NSB of the NFIP for each alternative
Atkinson-weight level.
The insurance program’s NSB will be calculated using an Atkinson-weighted form
of equation 3.24,
S=
where

0

0

'µ0

⇣

m⇣ + m,

(6.2)

is the Atkinson-weighted number of policies in force and µ0 is the Atkinson-

weighted amount of premiums paid to the

NFIP

by policyholders. The variables , ', ⇣,

and  have the same meaning as in equation 3.24. The variable  is not Atkinson-weighted
since its purpose in equation 6.2 is to represent the amount of money that would be raised
nationally via taxation if the

NFIP

did not exist. Accordingly, it would be inappropriate to

apply a weighting method to .
For each panel dataset representing the Atkinson-weighted and socially discounted
values, annualized net social benefits are calculated by applying equation 6.2 for each year
in the study period. This creates annualized

NFIP NSB

estimates for each year for every

Atkinson-weight level. The sources of the variables in equation 6.2 are:
is the ex ante willingness to pay for flood insurance per policy,

•
•

0

is the Atkinson-weighted number of policies,

• ' is the percentage of the fees paid to producers through the Write Your Own (WYO)
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Year
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

Grants

Returns

1, 802, 672.3
17, 340, 176.8
22, 227, 334.7
19, 794, 780.0
21, 801, 961.2
15, 313, 166.7
13, 158, 357.1
13, 430, 834.5
21, 571, 793.0
19, 767, 520.9
20, 802, 604.3
20, 591, 410.1
80, 087, 605.3
96, 733, 464.7
57, 420, 620.1

NSB

281, 314.5
3, 683, 983.6
7, 506, 042.3
10, 826, 659.5
14, 335, 875.9
16, 458, 998.1
18, 036, 153.5
19, 924, 175.2
22, 919, 669.7
25, 545, 761.9
28, 648, 059.2
32, 227, 955.9
48, 978, 130.8
67, 325, 898.4
76, 703, 685.6

1, 521, 357.7
13, 656, 193.2
14, 721, 292.4
8, 968, 120.5
7, 466, 085.3
1, 145, 831.4
4, 877, 796.4
6, 493, 340.7
1, 347, 876.7
5, 778, 241.0
7, 845, 454.9
11, 636, 545.8
31, 109, 474.5
29, 407, 566.3
19, 283, 065.4

Table 6.4: Atkinson-weighted (✏ = 0.5) socially discounted FMA grants (2010 dollars)

program
• µ0 is the Atkinson-weighted amount of premiums paid to the NFIP,
• m is the marginal excess tax burden (METB), and
•  is the non-weighted accumulated claims paid by the NFIP.
Therefore, the

NSB

due to the insurance component of the

NFIP

from 1996 through 2010

at different Atkinson-weight levels is computable by summing the annualized estimates of
the

NFIP ’s NSB

for each of the panel datasets. The Atkinson-weighted

FMA

annual totals

are created in the same manner.
After the creation of Atkinson-weighted annual
programs, the Atkinson-weighted

NSB

NSB

values for the

NFIP

and

FMA

for the programs can be calculated using the same

method as in sections 5.1.1 and 5.1.2. In addition to replicating the base analysis for each
Atkinson-weighted case, this analysis will replicate the sensitivity analysis for excluding
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the effects of Hurricanes Katrina and Rita, as in section 5.2.1 add the Monte Carlo simulation (MCS) over simultaneous uncertainty, as in section 5.2.4. Replicating these sensitivity
analysis components will show how changing the distributional weightings also impacts the
limited analysis. The results of the base case analysis and sensitivity analyses are included
in table 6.5.

6.3

Results and Conclusions

Distributional weighting is a special case of sensitivity analysis. However, this analysis
has separated the distributional weighting into a secondary analysis to provide a clearer
view into the impacts of Atkinson weighting on an analysis of the

NFIP .

Like for the

unweighted analysis in chapter 5, the distributionally weighted NSB is also positive across
several different weightsets but decreasing as the aversion to income inequality is increased.
Because the model for the NSB is otherwise identical, the distributionally weighted results
are driven by the same factors as the purely retrospective results and reflect the same design
decisions in similar ways. From that perspective, distributional weighting is insufficient to
shift the nature of the results.
The first hypothesis test is given by,
H0 : The net present value of the distributionally-weighted social benefits of the NFIP from
1996 through 2010 were less than or equal to zero (0).
H1 : The net present value of the distributionally-weighted social benefits of the NFIP from
1996 through 2010 were greater than zero (0).
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Atkinson Distributional Weight
✏ = 0.0

✏ = 0.25

✏ = 0.50

✏ = 0.75

✏ = 1.0

Base Case Analysis
NFIP NSB
NFIP NSB

(year 2060)

78.21
81.18

69.21
71.74

64.28
66.54

62.69
64.84

62.20
64.27

54.13
56.18

53.67
55.66

Excluding 2005
NFIP NSB
NFIP NSB

(year 2060)

68.56
71.42

60.18
62.60
MCS ,

Mean NFIP NSB
Std. Dev. NFIP NSB
Percent greater than 0

87.94
155.05
71.70
MCS ,

Mean NFIP NSB
Std. Dev. NFIP NSB
Percent greater than 0

Table 6.5:

NSB

90.91
155.04
72.40

55.59
57.76

simultaneous uncertainty

68.09
136.19
67.60

63.17
127.33
67.70

58.22
124.02
69.50

60.28
122.74
70.30

simultaneous uncertainty (forecast to 2060)
70.62
136.19
68.10

65.44
127.33
68.60

60.38
124.02
70.10

62.35
122.74
70.90

by Atkinson-distributional weight (billions of dollars)

For all distributional weighting levels, the NSB for the NFIP and FMA programs is positive.
In addition, when the effects of Hurricane Katrina are excluded from the analysis, the
results remain positive. Finally, when the sensitivity analysis is conducted, the results are
positive for any potential change in the distribution of benefits or costs.
However, distributional weighting, in this analysis, impacts those summary estimates that are disaggregated at the local jurisdictional level. So the number of policies,
represented by , is adjusted for local income levels. This is also true of the WYO payments
to insurers, which presumes a local-level and therefore weightable aspect to its value from
BCA

perspective. However, the METB, which is a function of the claims level in this anal-

ysis, is not distributionally weighted since it is calculated at the national level based on a
national-level understanding of the impact on the broader economy from taxation. Like the
baseline estimate, the MCS is similarly affected by the distributional weighting. At no dis-
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Figure 6.1: Histogram of sensitivity analysis outcomes for ✏ = 0.5 (forecast to year 2060)

tributional weighting does a Monte Carlo outcome ever drop below zero

NSB .

This stems

from the same analytical processes that affected the analysis in chapter 5. Figures 6.1 and
6.2 show the distribution of MCS results from this analysis in both the base case and without
the year 2005 included.
Despite these consistent outcomes for the

NSB ,

there is another important result

from this analysis. Figure 6.3 shows how the distributionally weighted

NSB

for the

NFIP
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Figure 6.2: Histogram of sensitivity analysis outcomes for ✏ = 0.5, excluding 2005 (forecast to year
2060)

and

FMA

programs changes at different ✏-levels for distributional weighting. This figure

shows the

NSB

decreases as the income aversion factor increases. This reflects the under-

lying consumer surplus structure in which claims tend to be more for those living in local
jurisdictions with higher incomes in general. This does not demonstrate that policies are
principally held by wealthier individuals but it does suggest a regressive redistributional
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Figure 6.3: Plot of NSB by ✏-level

impact to the

NFIP ,

in the sense that a larger proportion of the benefits go to wealthier

counties than costs from those counties.
This disagrees with prior research by Bin et al. (2011) who found a slightly progressive redistributional impact to the

NFIP ,

based on the distribution of

NFIP

claims and

premiums. Figure 6.4 shows the distributionally weighted NSB for the NFIP and FMA programs if the year 2005 impacts, which include the impacts of Hurricanes Katrina and Rita,
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Figure 6.4: Plot of NSB by ✏-level, excluding 2005

are removed. Except for the starting point, these two graphs are very similar and reveal a
somewhat consistent impact of the program.
This chapter has further investigated the

NSB

of the

NFIP

and

FMA

programs by

adding several distributional weighting methods. However, the results remain unchanged.
Nevertheless, there is a new discovery regarding the redistributional impacts of the programs generally. The next chapter will further investigate the

NFIP

by evaluating the im-
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pacts on government revenues and outlays.

CHAPTER 7

GOVERNMENTAL INCOME ANALYSIS

The impact on government revenue stems from the question of whether or not the National
Flood Insurance Program (NFIP) has reduced the cost to the government of flood events.
This was, per chapters 1 and 2, a key reason for creating the NFIP. This analysis will refer
to the time period from 1996 through 2010, like the other retrospective analyses included
in the proposed dissertation.
Unlike the other analyses, standing is restricted to just the federal government. This
might seem unusual from the position of traditional benefit-cost analysis (BCA), but it allows the estimate for change in the government surplus, from equation 3.13, to resolve the
question of the impacts on government revenue. The net impact of the NFIP on government
income, like other analyses, is the sum of the impacts due to the insurance program and
the the Flood Mitigation Assistance (FMA). Because of this simplicity, the value can be
estimated analyzed using standard tools from BCA.
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7.1

Methodology

Like the other BCA methods presented before, this analysis uses a social surplus method to
model the impacts of the NFIP’s insurance component on government revenues. Beginning
with equation 3.10, the effect on government revenue from the insurance program includes
the ad hoc payments which are represented by a. In brief, the impact on income is the
revenue from the NFIP itself minus the administrative fees paid to insurers to administer the
program. The values of µ and ⇣ will be calculated using the same methods as in section 3
and the value of ' is fixed. From before, a can be estimated with , the accumulated claims
paid by the NFIP, so the final form of

The value of

G is,

G=µ



'µ

⇣ +a

(7.1)

=µ



'µ

⇣ +

(7.2)

=µ

'µ

(7.3)

⇣.

G is evaluated just as in chapter 5.

The analysis of the

FMA

program conducted by the Multihazard Mitigation Coun-

cil (MMC) includes an estimate of the net impact on government revenue caused by the
FMA

(Multihazard Mitigation Council, 2005, pp. 139–142). The impact on government

revenue caused by the

FMA

is distinct from the net social benefits (NSB) of the

FMA

pro-

gram. Instead, the impact on government revenue estimates how much change there is on
government revenue for every dollar spent on

FMA

grants. This estimate, as in the retro-

spective analysis, is a benefit-cost ratio (BCR) and is R = 3.65, or that for every dollar
spent on flood mitigation through the FMA program, government revenue will increase by
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three dollars and 65 cents.
However, unlike in the estimate for the
the

MMC

NSB

of the

FMA

program, the authors of

report do not provide information on the statistical distribution of government

revenue. For the purposes of the point estimate of the NSB for the FMA and NFIP programs,
this does not matter. However, for sensitivity analysis, an estimate of the distribution of the
random variable makes stochastic simulation possible. In this instance, it is reasonable to
assume the distribution is log-normal, like the NSB to society for the FMA. This is reasonable because the overlap in contributory statistics between the two estimates and because
log-normal distributions naturally arise from the sum of random variables (Limpert, Stahel,
& Abbt, 2001).
This does not resolve the question of an appropriate standard deviation for the distribution. The standard deviation for the

NSB

of the

FMA

program was found to be 1.1,

which suggests a scale though not a value. Absent another value, the value of 1.1 will be
used to create a range of analysis for sensitivity analysis, though in due to the small impact of the FMA generally on the change in government revenue, the values of the expected
returns to the government do not substantially change the results.

7.2

Estimation Process

The governmental income analysis begins with the county-level financial information which
is then aggregated by year, to give a single annualized national figure for premiums, claims,
coverage, and grants for the NFIP and FMA. Again, because the aggregation does not span
multiple years, there is no need to include any adjustment for inflation. The results of this
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aggregation are identical to chapter 5 and are presented in table 3.6.
Like the other analyses, the last preparatory step is to adjust each year’s values to
compute the present value as of 2010. This step can be conducted prior to final values
for each year provided it is performed consistently across all known values. Because the
figures represent historical information, social discounting inflates a particular year’s value
by the cumulative social discount rate (SDR) since that year. As a result, prior spending
increases in value as time goes on. The results of this discounting are also identical to
chapter 5 and are presented in table 5.2.
At the end of this process, there is a panel dataset representing the annualized estimates of the premiums, claims, coverage, and grants for the

NFIP

and

FMA

programs. To

this point, this process is identical to the process followed in chapter 5. The government
income change attributable to the insurance program will be calculated using equation 7.3:
G=µ

'µ

(7.4)

⇣.

For the panel dataset, annualized net government revenue change for the

NFIP

are

calculated by applying equation 7.3 for each year in the study period yields the government
income estimate for each year. Therefore, the net change in governmental income due to the
insurance component of the

NFIP

from 1996 through 2010 is computable by summing the

annualized estimates of the NFIP’s change in governmental revenue. These annual changes
in government revenue are listed in table 5.2.
Per the results of Multihazard Mitigation Council (2005, p. 123),

FMA

grants pro-

duce an increase government revenue and savings of 3.65. This is based on the underlying
assumption that the return period for an FMA grant is 50 years and uses a SDR of 2 percent.
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Year

Grants

Returns

1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

1, 767, 983
21, 492, 157
25, 242, 848
23, 230, 527
26, 009, 597
17, 812, 281
14, 648, 051
16, 167, 162
23, 994, 971
22, 320, 305
26, 790, 631
30, 615, 438
112, 898, 610
124, 892, 141
72, 689, 815

205, 360
2, 689, 308
5, 479, 411
7, 903, 461
10, 465, 189
12, 015, 069
13, 166, 392
14, 544, 648
16, 731, 359
18, 648, 406
20, 913, 083
23, 526, 408
35, 754, 035
49, 147, 906
55, 993, 690

Table 7.1:

FMA

Revenue
1, 562, 624
18, 802, 849
19, 763, 438
15, 327, 066
15, 544, 407
5, 797, 213
1, 481, 659
1, 622, 514
7, 263, 612
3, 671, 898
5, 877, 548
7, 089, 030
77, 144, 574
75, 744, 235
16, 696, 124

grant returns by year (2010 dollars)

Based on this information, it is possible to estimate an annualized rate of return for the
average

FMA

project by finding the annual rate of return that would yield a return of 365

percent at a 2 percent

SDR .

The annualized rate of return is 11.62 percent, for every year

up to fifty years from the grant date. This value does not include any social discounting
for future returns, therefore it is necessary to apply social discounting independently of the
annualized rate of return. This factor can be used with the previously socially-discounted
FMA

grant amounts to find the net present value of each year’s

FMA

grants over the study

period. For the study period, this is 11.62 percent returns for every year after the grant is
made until 2010. Estimates are provided in table 7.1.
The returns column of table 7.1 show a decreasing revenue in later years. The point
estimates of the revenue change for the FMA program is created by summing the revenue for
each year for each panel dataset. Because of the bias against later projects, the cumulative
G for the

FMA

projects is substantially negative. This data presentation and calculation
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issue can be alleviated by examining the long term returns to the FMA program. Using the
original estimate of the
50 year return on the

BCR

FMA

for the

FMA

programs developed by Rose et al. (2007), the

can be calculated. Using the

BCR

of 3.65, the

G of the

FMA

through the year 2060 can be calculated. This BCR assumes an SDR of 2 percent.
Following the calculation of sums of the

G for the NFIP and FMA components of

the analysis, the final step is to aggregate the results to create a point estimate of the change
in government revenue due to the

NFIP

and

FMA

programs. The sum of the

NFIP

G is

35 billion dollars in both 2010 and forecast to 2060. This is because there is no change
over time to non-FMA components. However, for the FMA program, the sum of the

G is

-273 million dollars in 2010 and in 2060, it is 2 billion dollars. These sum to 34.57 billion
dollars in 2010 and 36.89 billion dollars in 2060.

7.3

Sensitivity Analysis

Because each of the component factors in this analysis consists of a point estimate, there
is a potential for statistical error to corrupt the final result. Sensitivity analysis provides an
opportunity to analyze the errors involved and test the statistical assumptions included in
the analysis.
This analysis will use two methods of sensitivity analysis to understand the impacts
on government revenue. The first will be to calculate an estimate excluding the year 2005,
to remove the high-impact year which included Hurricanes Katrina and Rita. Second, this
analysis will also use Monte Carlo simulation (MCS) with simultaneous uncertainty to understand the impacts of the NFIP and FMA programs on government revenue (Boardman et
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Variable

Distribution

Specifications

'
R

Uniform
Log-normal

Range: [0.15 0.17]
Mean: 3.65, Std. Dev.: 1.1

Table 7.2: Expected distributions of factors in the government revenue analysis

al., 2010, pp. 183–7). For this analysis, the sensitivity analysis will consist of a stochastic
simulation over the input variables described in table 7.2. These two variables are the core
variables in the analysis where the values are estimated from other data, rather than being
known a priori.
The first variable to be analyzed during the sensitivity analysis is ', the Write Your
Own (WYO) fee to insurers. This can range from 15 percent to 17 percent. This will also
be simulated using a uniform distribution. The second variable to be analyzed as part of
the sensitivity analysis is R, the

BCR

of the

FMA

program grants. This uses the presumed

log-normal distribution established as part of this analysis and assumes a standard deviation
of that distribution of 1.1.
This analysis will show how the change in government revenue responds to changes
in the environment surrounding the

NFIP ,

in particular how returns are yielded from

FMA

grants. This will inform the analysis and help explain the uncertainty of the results. There
are two major ways sensitivity analysis can contribute to understanding this result. One
centers on the impact of Hurricane Katrina, which caused significant damage along the
Gulf Coast of the United States. The second focuses on MCS, testing the assumptions and
the net validity of the results under stress.
Following the calculation of sums of the

G for the NFIP and FMA components of

the analysis, the final step is to aggregate the results to create a point estimate of the change
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in government revenue due to the NFIP and FMA programs. The sum of the NFIP

G is 33

billion dollars in both 2010 and forecast to 2060. This is because there is no change over
time to non-FMA components. However, the sum of

G is -270 million dollars in 2010

and in the 2060, it is 2 billion dollars for the FMA program. These sum to 32 billion dollars
in 2010 and 35 billion dollars in 2060.
The

MCS

of the

NFIP ’s

impact on government revenue is useful to understand the

implications of the program for both taxpayers and policymakers. In particular, this analysis makes a number of assumptions about the degree and type of impacts various aspects
of the

NFIP

and

FMA

programs have on government revenues and the tax systems. These

assumptions are values for and distributions for the components of the program and are
given in table 7.3. Each of these assumptions is based on measured impact levels and is
subject to sensitivity concerns. In contrast, other values such as the amount of claims paid
into the NFIP or the value of grants given as part of the FMA, are assumed to be static given
the nature of this analysis. This is due to the retrospective orientation of the analysis. A
prospective analysis would also include sensitivity analysis focusing on the possible flood
damages and potential changes in participation patterns, as well as changes in grant-making
patterns by Federal Emergency Management Agency (FEMA).
The sensitivity analysis yields a mean NFIP

G of 34.6 billion dollars in 2010 (s.d.

0.251). There are 100 percent positive trials from the MCS. Similarly, the analysis yields a
Variable

Description

Distribution

Parameters

FMA BCR

Administrative fee rate
FMA return rate

Uniform
Log-normal

Lower bound: 0.15, Upper bound: 0.17
Mean: 3.6, Standard deviation: 1.1

Table 7.3: Sensitivity analysis parameters
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Density

Figure 7.1: Histogram of government revenue sensitivity analysis outcomes for (year 2060)

mean NFIP

G of 36.9 billion dollars in 2060 (s.d. 0.313). There are 100 percent positive

trials from the
distribution of

MCS .

In addition to these summarized results, a histogram showing the

G is provided in figure 7.1.

Finally, two figures showing the sensitivity of the

BCA

are available. The first,

figure 7.2 shows the sensitivity of the change in government revenue to the amount of fees
paid to insurance providers to administer the program on behalf of the NFIP. Second, figure
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Value in year

2010

Forecast to 2060

Base analysis
Excluding 2005
Sensitivity analysis mean

34.57
32.33
34.56

36.89
34.56
36.85

Table 7.4: Summary of government revenue results (billions of dollars)

7.3, shows the sensitivity of the change in government revenues to the impacts of the FMA
on government revenues.

7.4

Discussion and Conclusions

The hypothesis test is given by,
H0 : The net present value of the distributional impact of the

NFIP

on the United States

government from 1996 through 2010 were less than or equal to zero (0)
H1 : The net present value of the distributional impact of the

NFIP

on the United States

government from 1996 through 2010 were greater than zero (0)
The results of the base analysis and sensitivity analyses are given in table 7.4. The results
are positive across each of the analyses, showing the positive returns to the government
from the

NFIP

and

FMA

programs. The

NFIP

and

FMA

programs have a strong positive

impact on government revenues, since the costs of flood recovery are shifted, at least in part,
to the premiums paid by homeowners to the NFIP. The remaining amount is projected based
on reductions in losses on flooding and other expected gains resulting from the mitigation
grant.

MCS

of these results show there is a relatively narrow band of potential outcomes

for government revenue from the NFIP and FMA programs. There are between 36.09 billion
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dollars and 37.91 billion dollars (spread over 50 years) in savings to the federal government
due to the

NFIP

and

FMA

programs for the study period. The spread of these potential

outcomes is approximately 5.26 percent of the point estimate for the change in government
revenue. As a result, the estimates created by the simulation provide a positive impact
on governmental revenues across the entire spread of potential values for estimated model
parameters.
As only two variables contribute to the government revenue model that are not
explicitly determined by the finances of the NFIP, only two variables contribute to the sensitivity analysis. The first variable, the amount of fees paid by the NFIP to private insurers
to administer the program, has a small but clearly defined effect. In a conventional

BCA ,

this sort of transfer is considered a wash and would be ignored. However, this analysis
removes all non-federal government actors from standing and the loss to the government
must be considered while the benefit to insurers must not be. Because the range of fees
paid is bounded between 15 and 17 percent of the premiums paid into the program, the fees
will reduce revenues, but at a defined and limited rate. The sensitivity of the government
revenue to the administrative fee rate is shown in figure 7.2.
The second impact variable to contribute to the governmental revenue model is the
returns to

FMA

programs. The historical

FMA

grants are set and grants are historically

limited to a fixed amount, and were at most 40 million dollars per year during the study
period, and the funding comes directly from the premiums the

NFIP

generates. Because

the NFIP produces substantially more in premiums than 40 million dollars, the expenses of
the

FMA

program are less than the fees paid to insurers, overall. Further, these expenses

generate new revenue to the government through prevented tax losses and other expenses.
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Figure 7.2: Government revenue sensitivity to changes in administrative fees (year 2060)

Since the returns to the government are log-normally distributed, the change in government
revenue due to the

FMA

tend to cluster near the lower end of the range in a sensitivity

analysis. However, a log-normal distribution has a long and narrow tail, permitting higher
returns. The sensitivity of the government revenue to the
7.3.

FMA

returns is shown in figure
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Figure 7.3: Government revenue sensitivity to changes in the FMA returns (year 2060)

The impacts of programs and components are shown in figure 7.4. Because the
impacts on government revenues are narrowly bounded, it is possible to bound the entire
impact. Beginning with equation 7.3, the impacts of the

FMA

can be added directly to

get the complete change in government revenue. Provided this sum is greater than 0, the
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government will see an increase in revenue,
0<

S + (R

1)M ,

(7.5)

where R is the change in government revenue caused by the
amount of grants made under the
no returns from the

FMA

FMA

FMA

program and M is the

program. In the pathological case where there are

program (and, therefore, R = 0) and all insurers receive the

maximum of 17 percent in administrative fees, the program will yield positive government revenues as long as 83 percent of the premiums received exceeds the amount made in
grants. Since the total amount of grants is capped at 40 million dollars per year, this means
premiums must exceed 48.19 million dollars, plus the government expenses to administering the program, which are not fixed. This equation, unlike the results for the base case and
distributionally weighted

BCA ,

does not depend on either the consumer surplus for flood

insurance, nor is the amount of claims made against the NFIP necessary to calculate. This is
because the consumer surplus is completely ignored when the surplus does not benefit the
government. In addition, the fees paid to insurance companies are included, which is also
an expense to the government. Finally, there is an administrative expense for managing the
program paid by the government.
Because of the structure of the program, and the assumption the government would
bailout flood disaster victims in the absence of the

NFIP ,

it is unlikely for the government

not to benefit from the NFIP through increased revenue. This is a positive feature from the
standpoint of the government, because the purpose of the NFIP is to share the costs of flood
disasters with the beneficiaries of flood recovery funds. The NFIP has clearly met that goal
and will continue to do so because of the program design. This underlying assumption of
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Figure 7.4: Tornado plot of government revenues by year

the government’s behavior if the NFIP did not exist remains subject to further research.
However, despite these results, the NFIP and FMA programs are not necessarily the
most cost effective option for the government. The debts incurred by the

NFIP

are not

included in this analysis. Those debts are nominally held by the Treasury, and from a governmental revenue perspective, cancel each other out. However, if the government lacks
sufficient funds to loan to the

NFIP ,

the Treasury must borrow on the capital markets to
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provide access to funding. The impacts of this borrowing are not included in this analysis.
Further, the

NFIP ’s

debts may be so large as to indicate insolvency by the program absent

a policy change or direct bailout. Such a bailout would not eliminate the positive governmental income found in this analysis, but it is clear evidence of the

NFIP ’s

inability to be

self-sufficient in the current policy environment.
The implications of this are significant since the NFIP and FMA programs have some
economic and social costs. Based on the results of chapter 6, if the government is increasing
its revenue, it is doing so at the social costs of lower economic classes. But this also reflects
who participates in the program and at what rates. This may not be the case, though; as
Bin et al. (2011) has shown, the wealthier individuals tend to pay slightly more into the
program than they receive, versus others.
This analysis does not take into consideration non-NFIP response to flood disasters, such as funding for non-insureds, including the federal government itself, as well as
emergency response activities, such as evacuations. In this regard, the costs and benefits
to the federal government are not captured completely in this analysis. Nevertheless, this
analysis shows that the NFIP and FMA programs jointly contribute to increase governmental
revenues. This analysis also provides a template for analyzing governmental income under
other disaster management programs such for as earthquakes or terrorism. Governments at
all levels often act as last-resort insurers for drivers, financial institutions, and other private
needs, beyond natural disasters. Understanding the implications on government revenue
from these programs provides a critical tool for evaluation of policy changes.

CHAPTER 8

CONCLUSIONS

The four analyses included in this dissertation have provided an integrated picture of the
National Flood Insurance Program (NFIP) and Flood Mitigation Assistance (FMA) programs and their net social benefits (NSB) to society. Overall, this picture is about the interaction between the consumer surplus for the NFIP, and marginal excess tax burden (METB)
for taxes not collected to fund ad hoc flood recovery if the
government revenues. The

NSB

of the

NFIP

NFIP

exists, and the change in

are positive because of this interaction, but as

the sensitivity analysis shows, the results remain positive even if one of these elements is
removed from the economic model of the programs. However, this conclusion is predicated
upon the initial analytical assumptions outlined in section 1.3.
These benefits accrue across actor categories, but not necessarily equitably. Producers do not gain from this program. However, that is because the economic model assumes
producers, insurance companies, provide administrative support to implement the

NFIP

to

the government at cost. The fee paid to producers is a fixed fee and if a producer can provide administrative support at a cost less than the fee, producers would benefit from the
difference. But even without those prospective benefits to producers, the NSB is positive.
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Consumers benefit more than other groups, though this benefit is not a direct transfer. The consumer benefit comes from the implied difference between the general consumer’s willingness-to-pay (WTP) for flood insurance and the actual premium rates they
pay to the NFIP for the service. The consumer surplus for the NFIP is estimated at 791 dollars per policy in 2010 dollars. The estimate is roughly double the amount policyholders
should expect to pay for flood insurance and suggests that policyholders receive substantial
benefit from the NFIP if they are not required to be policyholders by the mortgage requirement. This is despite the relatively lower numbers of policyholders outside the 100-year
floodplain, despite the reduced, though nonzero, possibility of flooding, as well as the persistently high dropout rate among policyholders.
The consumer surplus found in this analysis may overstate the benefit received by
all program participants. A substantial number of program participants drop out of the program after only a few years suggesting they receive no benefit from participating. If this
is the case, the

NSB

found is overstated, but would remain positive even if the consumer

surplus from the flood insurance program alone were zero. However, if there is a positive
consumer surplus for the

NFIP ,

he simplest approach to increase the

NSB

of the program

would be to increase program participation. This would increase the total number of policies in force and drive up the total
policy. The

NFIP

NSB

by increasing the combined consumer surplus per

was changed substantially in 2012 following Hurricane Sandy. Those

changes have pushed the program to reduce the subsidy and increase participation. Repeating this analysis on the

NFIP

after the full implementation of the post-Sandy changes

would be useful to understand effects of the program change, as well as better estimate the
consumer surplus.
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Those same policyholders, however, have substantially offset the costs of the government to provide flood recovery. This is the source of the governmental benefits found
in this analysis. The government income change due to the

NFIP

and

FMA

programs is

positive. This supports the original goals of the NFIP, which were to, at least partially, shift
the costs of flood recovery to the principal beneficiaries of flood recovery. This shift has
reduced the overall burden of flooding on taxpayers. In this respect, the

NFIP

has been a

success, regardless of its broader social and economic impacts.
The last group of impacts is the externalities caused by the

NFIP .

There is a large

benefit to the economy as a whole from not using tax revenue to fund flood recovery.
Therefore, the NSB of the NFIP and FMA programs increases if the NFIP exists. The METB
estimate provides this element of the economic model for the programs. However, the
estimate assumes the government’s ad hoc flood relief funding would be equivalent to the
amount of claims paid by the

NFIP

under the insurance plan. This assumption may not

be valid since the government may choose not to provide ad hoc flood relief following
some disasters or may provide less or more relief than the insurance program does. The
sensitivity analysis provided here tests the importance of this assumption and finds there is
still a positive NSB even if the METB from ad hoc flood relief were not counted.
As a result, the

NSB

increases as the

NFIP

pays greater claims. The

NSB

shifts

downward when the year 2005 is removed from the estimate, removing the impact of Hurricanes Katrina and Rita. When those larger flood events are removed from consideration,
the NSB of the programs is positive, but lower in current terms because of the lost positive
benefit of the missing METB for claims and the missing consumer surplus for the year. This
implies that the

NSB

for the

NFIP

increases with more and larger disasters. This counter-
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intuitive conclusion stems from understanding the NFIP is a response to flood disasters and
that flood disasters would occur whether the NFIP existed, the federal government provides
ad hoc flood recovery, or some other flood recovery regime were in place. Therefore, the
benefit comes from not using taxes to pay for whatever flood recovery regime in place.
In addition to the
the

NFIP .

METB ,

the other large externality is the environmental impact of

This analysis does not include the environmental impacts from either ad hoc

flood recovery or the

NFIP .

Under the assumption that ad hoc flood relief is identical to

the claims paid by the NFIP, the environmental impacts would also be identical. However,
differences in the government’s response if the NFIP did not exist from the NFIP’s behavior
could change the net environmental impact. If the environmental impact is more negative
than the environmental impact without the

NFIP ,

then there is an externality loss missing

from the sufficient statistic. The loss would decrease the NSB of the programs and if large
enough, may change the the sign of the results. A better understanding of the environmental
impacts of flood recovery, coupled with a national-level model to estimate the dollar value
of the environmental impacts is necessary.
The distributional analysis shows that the benefits realized by the

NFIP

and

FMA

programs primarily accrue to wealthier areas within the United States. When analyzed
and weighted for distributional analysis, the decreasing weights for wealthier jurisdictions
reduced their contribution to the

NSB

versus the increasing weights for less wealthy ju-

risdictions. As the spread between the weights for wealthy and less wealthy jurisdictions
increased, the NSB for the programs decreased. Based on this evidence, the programs’ benefits are accruing to wealthier jurisdictions more than less wealthy. Therefore, the program
is regressive in the sense that money to pay for benefits is coming from those with fewer
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resources and claims are being paid to those with greater resource.
In a sense, the NFIP rests in an approximate equilibrium where short-term costs are
balanced in the benefit-cost analysis (BCA) with older large claim years and future returns
from flood mitigation being inflated by social discounting. The sample period is 16 years
and the bright line for flood planning is the 100-year floodplain. The difference between
the two means during the sample period is relatively short, but still exhibits both large
and small loss years. Whether the sample is representative is important. For instance, the
balancing act may be disturbed by climate change-driven changes to the floodplain and
flood events, but will be difficult to predict as the changes to flood patterns are not yet
predictable. Despite these concerns, the program has proved advantageous to taxpayers,
and the economy generally, by partially shifting the costs of rebuilding following a flood to
the beneficiaries.

8.1

Policy Implications

The place of the

NFIP

in the complete insurance picture is striking. The

NFIP

does not

compete directly with private insurance firms since private insurers do not offer primary
flood insurance (Marlett, 1997, p. 139). Due to the NFIP’s Write Your Own (WYO) program
structure, private insurers manage the specifics of insurance policy implementation and the
NFIP

scores well on insurance industry benchmarks, such as expense ratio (Marlett, 1997,

p. 137). The NFIP is not subject to either dividend payments nor taxation and the program
can build its reserve against losses unimpeded by profit concerns, because it is an agency
of the United States government.
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While the program provides a net benefit to society and saves the government
money, those benefits come at a cost of moderately regressive distributional impacts. Wealthier counties are benefiting from the program at the expense of poorer counties when the distributional impacts are evaluated nationally. The sociological costs of these benefits should
be evaluated and changes to the NFIP should consider the sociological costs of the proposed
change. Evaluation of proposed changes should also consider the net cost to government.
The potential addition of wind insurance to the NFIP raises economic issues similar
to those posed by floods-only coverage. This issue is important because hurricanes and
other severe wind events can occur concurrently with flood events. A proposed addition of
wind insurance policies to the NFIP raises concerns with direct competition against private
insurers.
Opening the

NFIP

to insure against multiple perils might improve the

NSB

of the

program, as this is how private insurers reduce their net risk against losses stemming from
a single event (McMillan, 2008). However, this multiple peril strategy is only effective if
those perils are uncorrelated. The combination of wind and flood damage from superstorms
or hurricanes is a significant threat to the financial viability of a combined program. Wind
coverage is unlikely to reduce the

NFIP ’s

net risk exposure. No detailed analysis of an

integrated program is conducted here but wind coverage is an area of potential research
Another option to reduce an outstanding risk position, used by reinsurers, is to use
geographic dispersion of risk (Cutler & Zeckhauser, 1999), which is effective because it
is less likely that it would flood in different regions at the same time. This is complex
because the NFIP is a nationwide program and is inherently geographically dispersed. But
in practice, the policy that federally regulated mortgage granting institutions require flood
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insurance for mortgages on properties on the floodplain coupled with the breadth of the
floodplain along the Gulf Coast means more than 40 percent of all NFIP policies are located
in Florida (Michel-Kerjan & Kousky, 2010). A broader requirement for purchasing flood
insurance or a reduction in building in Florida’s floodplain would be necessary for the NFIP
to gain the advantages inherent in being a nationwide program.
Kunreuther and Michel-Kerjan (2010), in a related essay, address the question of insuring against natural catastrophes. They propose long-term contracts for managing longterm insurance risk (Kunreuther & Michel-Kerjan, 2010). The authors note that some natural disasters, such as the 500-year flood, are outside the decision-making time frame, or so
unlikely, that the average homeowner cannot realistically measure the risk associated with
the event. Even on the 500-year floodplain, homeowners may see more frequent floods of
lesser severity, though they may still have long-term effect. Long-term contracts, instead of
one year renewable policies, can help homeowners manage the risk by placing a long-term
outlook on the matter. The authors select the NFIP as an obvious place to test long-term insurance due to the simpler political environment, a lack of state regulators, and the natural
leveling of the average risk profile associated with flooding, when addressed at the national
level.

8.2

Directions for Future Research

A number of directions for future research are worth exploring. One avenue for future
research centers on the distributionally weighted analysis of the

NSB .

Due to limitations

of data and the manner in which grants are awarded by Federal Emergency Management
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Agency (FEMA), this analysis was limited in the county-level distributional analysis. As
significant between county differences in wealth and income exist, finer detail in assigning
state-level grants to local jurisdictions would increase the detail of distributionally weighted
results.
From a public finance perspective, it is important to maximize the NSB of any program. Future research could use this analysis to model the
alter the parameters of the programs to find the optimal
NSB

NFIP

NSB .

and

FMA

programs and

However, maximizing the

of the programs may come with distributional impacts larger than the impacts under

the current program. Therefore, additional research should also include the distributional
weighted model of the NFIP and FMA programs’ social surplus.
In addition, this research relied on research into the consumer surplus of the

NFIP

created by the dissertation’s author and Craig E. Landry. This estimate for the consumer
surplus includes a number of limitations, including the broad categorization of program
participants and the concentration of survey respondents along the coasts. Recent research
by Botzen, van den Bergh, and Aerts (2008) has shown the effectiveness of large scale
contingent valuation method (CVM) surveys for understanding the consumer surplus for
flood insurance in the Netherlands. It is reasonable to execute a similar survey in the United
States to assess the consumer surplus for flood insurance under the conditions imposed by
the NFIP.
From a behavioral economics perspective, one research area focuses on how perceptions of risk change after a major flood event. Practically speaking, this is the question
of whether or not policyholders change purchasing patterns after nearby floods. If patterns
change, this might reflect changes in the consumer surplus for flood insurance, changing
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the NSB of the NFIP.
A related area to explore focuses on risk management from a game theory perspective. If potential policyholders do not join the program, they may assume the government
will provide other flood recovery assistance, without direct charge. This is akin to the
free rider problem, since some policyholders have opted into to the program. Without a
functioning market for primary flood insurance, a market clearing price is not established
and potentially non-rational decision-making is indirectly supported by the

NFIP

pricing

structure.
Looking forward, the NFIP and FMA programs face obstacles caused by global climate change. This analysis does not explicitly allow for the effects of climate change,
however, the effects of climate change that are responsible for specific insurance gains and
losses are included as those gains and losses are realized. The historical results should not
be used to estimate prospective gains or losses as prospective gains or losses would not account for the ongoing effects of climate change. Future research should estimate the effects
to climate change on the

NFIP

and determine how to predict forward-looking

NSB

for the

NFIP .

Other proposals to consider include giving

FEMA ,

through the

NFIP ,

the ability to

restrict floodplain development by purchasing land and dedicating it as open space. Barnhizer (2003) advocates using federal funds to compensate existing landowners and targeting
properties deemed high-risk or environmentally sensitive for the program. Through such
a program, the net risk to the

NFIP

could be reduced. However, it is worth noting

FEMA

already has the power to purchase some repetitive loss properties rather than sustaining
continued losses. Other proposals to reduce floodplain development through market action
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have been proposed, as well (Titus, 1998). As the change in the environment is unaddressed
here, quantifying the effects of ecological damage from the NFIP is a topic for investigation.
In other areas of risk management, this method could be applied to similar disaster
insurance programs in other jurisdictions. For instance, other counties maintain similar
flood insurance programs. Other hazards may also be so analyzed: California maintains
an earthquake insurance program with a similar compulsory aspect that could be similarly
analyzed. Finally, analysis of Louisiana Citizens Property Insurance Corporation or the
Maryland Automobile Insurance Fund, both insurers of last resort, may be conducted similarly, to examine their benefit to society.

8.3
The

Final Remarks
NFIP

and

FMA

programs are complex and involve many interactions to properly un-

derstand the costs and benefits. These interactions can be complex, especially when the
impacts of distributional weighting are included. The long run risk of flooding is still
poorly understood despite several decades of study by FEMA. Environmental changes such
as climate change and geoengineering also change the flood risk. Because of these changes,
an analysis like this is only a point estimate representing the NSB of the program at a single
time.
Still,
NSB

BCA

is a powerful tool for analyzing public policy programs. With

BCA ,

the

of a program can be identified with some degree of certainty. However, no analysis

is ever complete and this analysis is no exception. There is much more work possible to
gain a deeper knowledge from more accurate estimates of damages and the risk associated
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with flooding. It is also possible to gain better estimates of the consumer surplus for flood
insurance. Changes to the program also require new analysis to understand.
This dissertation has provided a first comprehensive BCA of the NFIP, but it should
not be the last. Revisions and updates to the economic model should be pursued and encouraged. An entirely different analytical approach could also be used to test the results.
Regardless, the understanding the

NFIP

is important from a public policy perspective and

can provide better policy solutions to the public.

Appendices

166

APPENDIX A

TIMELINE OF FEDERAL FLOOD INSURANCE

1956 The Federal Flood Insurance Act of 1956 (FFIA) creates a pilot federal flood insurance program
1968 The National Flood Insurance Act of 1968 (NFIA) establishes the National Flood
Insurance Program (NFIP)
1973 The Flood Disaster Protection Act of 1973 (FDPA) mandates flood insurance for highrisk properties securing a mortgage from a federally regulated institution
1974 The Disaster Relief Act of 1974 (DRA) creates a mechanism for handling disasters
and emergencies at the federal level
1979 Executive Order 12127 (EO 12127) transfers authority over the
Emergency Management Agency (FEMA)

NFIP

to the Federal

1982 The Coastal Barrier Resources Act of 1982 (CBRA) reduces availability of insurance
for new and improved properties
1989

NFIP

losses from Hurricane Hugo exceed 375 million dollars

1993 Midwest Floods cause more than 270 million dollars in claims against the NFIP
1994 The National Flood Insurance Reform Act of 1994 (NFIRA) creates the Flood Mitigation Assistance (FMA) program with a goal of reducing claims under the NFIP
2004 The Flood Insurance Reform Act of 2004 (FIRA) aims to reduce repetitive losses on
high-risk properties
2005

NFIP

losses from all hurricanes, including Katrina, exceed 17 billion dollars

2008 The Flood Insurance Reform and Modernization Act of 2008 (FIRMA), to extend the
NFIP to provide wind coverage, is passed by Congress but vetoed by the President
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2010 The Flood Insurance Reform Priorities Act of 2010 (FIRPA), to reauthorize the NFIP
and increase maximum coverage, is passed by the House of Representatives and
currently pending before the Senate
2012 Hurricane Sandy causes 7.9 billion dollars in losses to the NFIP
2013 The Biggert-Waters Flood Insurance Reform Act raises rates to reflect true risk

APPENDIX B

PRINCIPAL DATA SOURCES

This appendix includes data from the primary data sources used in calculating the benefits
and costs of the National Flood Insurance Program (NFIP). Tables B.1 and B.2 both show
a representative sample, selected at random, of Federal Emergency Management Agency
(FEMA) Dataset

A

and

FEMA

Dataset B, respectively. The small sample was chosen to

provide sense of the data and its structure, without including the entire data set.

FEMA

Dataset A is 91,528 and FEMA Dataset B is 31,307 rows. Each sample shown is 20 rows.
FEMA

Dataset

B

is roughly a third the size of the

FEMA

Dataset

A

because

FEMA

Dataset B represents only claims information. Both datasets provide information about the
NFIP

with key columns represent the state, county, and year, with the actual program data

represented as addition columns. For

FEMA

Dataset B, if there were no claims within a

given county during a given year, then a row is omitted, rather than provided with empty or
zero value entries.
Table B.3 provides a representative sample, selected at random, of
C . FEMA

FEMA

Dataset

Dataset C is 2107 rows. The sample size shown in the table is, again, 20 rows.
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IDAHO
UTAH
ILLINOIS
ILLINOIS
OHIO
OKLAHOMA
MONTANA
ILLINOIS
NORTH CAROLINA
ARIZONA
TEXAS
NEBRASKA
NEBRASKA
TEXAS
COLORADO
MISSISSIPPI
KANSAS
LOUISIANA
WASHINGTON
VIRGINIA

state
16
49
17
17
39
40
30
17
37
4
48
31
31
48
8
28
20
22
53
51

state code
47
35
191
11
117
37
109
11
153
12
253
163
181
319
99
81
15
91
5
67

county code
1984
1978
1999
1998
1987
1982
2001
1991
1995
2003
1989
2009
2001
2000
1978
1981
2006
1984
1982
1991

year

Table B.1: Sample data from FEMA Dataset A

GOODING COUNTY
SALT LAKE COUNTY
WAYNE COUNTY
BUREAU COUNTY
MORROW COUNTY
CREEK COUNTY
WIBAUX COUNTY
BUREAU COUNTY
RICHMOND COUNTY
LA PAZ COUNTY
JONES COUNTY
SHERMAN COUNTY
WEBSTER COUNTY
MASON COUNTY
PROWERS COUNTY
LEE COUNTY
BUTLER COUNTY
ST. HELENA PARISH
BENTON COUNTY
FRANKLIN COUNTY

county
91
1196
15
71
25
139
13
24
7
225
2839
3
8
16
117
113
406
16
203
24

pif
91
1196
15
71
25
139
13
24
7
191
2839
3
8
16
117
113
406
16
203
24

cif
2513
39277
842
4135
347
4265
298
1125
714
32102
147432
312
324
718
2734
6076
52630
473
10236
2926

coverage

13829
109128
5714
39317
3086
20882
4205
8719
2347
96100
665172
2023
3107
5333
9912
20210
216485
3306
33621
13396

premiums

170

year
2001
1986
2006
1984
1978
2008
1995
1979
1985
1991
2000
1979
2004
2006
2002
1984
1994
1978
2005
2006

state

LOUISIANA
WASHINGTON
WASHINGTON
UTAH
LOUISIANA
INDIANA
LOUISIANA
NORTH CAROLINA
WEST VIRGINIA
MICHIGAN
MARYLAND
MISSISSIPPI
MINNESOTA
TEXAS
TENNESSEE
VIRGINIA
KENTUCKY
IDAHO
MINNESOTA
KENTUCKY

463
5
39
1
18
1
48
1
9
1
5
2
2
5
2
7
7
1
1
6

num claims

pay bldg
8018351.50
46208.96
655841.60
231.20
44001.93
18202.07
390219.75
0.00
70647.05
1978.71
30727.90
20550.20
89235.26
62422.46
39619.93
11808.26
15100.05
7580.00
937.15
39746.50

Table B.2: Sample data from FEMA Dataset B

LAFOURCHE PARISH
MASON COUNTY
WHATCOM COUNTY
SANPETE COUNTY
EAST BATON ROUGE PARISH
DEARBORN COUNTY
ASCENSION PARISH
DAVIE COUNTY
TYLER COUNTY
OSCEOLA COUNTY
GARRETT COUNTY
NEWTON COUNTY
FILLMORE COUNTY
DENTON COUNTY
BEDFORD COUNTY
WASHINGTON COUNTY
PIKE COUNTY
BLAINE COUNTY
ANOKA COUNTY
BOYD COUNTY

county
2192930.34
13367.62
64191.27
0.00
2656.56
0.00
42778.83
2098.05
23878.75
0.00
5681.93
4300.00
30000.00
2026.30
20000.00
2590.35
9362.00
1059.00
0.00
0.00

pay cont

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

pay icc
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Utah
North Dakota
Iowa
Vermont
New York
Georgia
Louisiana
Ohio
Delaware
New Hampshire
North Dakota
Utah
Mississippi
Connecticut
Montana
South Dakota
Wisconsin
Florida
Montana
Iowa

state
49
38
19
50
36
13
22
39
10
33
38
49
28
9
30
46
55
12
30
19

state code
7
41
–
11
–
67
19
89
3
15
17
5
47
13
53
67
–
103
53
111

county code
Price, City Of
Mott, City Of
Statewide
Highgate, Town Of
–
Cobb County Water System
Calcasieu Parish Police Jury
Hebron, Village Of
New Castle Conservation District
Town of Londonderry
Fargo, City Of
Mendon, City Of
Gulfport, City Of
Town of Mansfield
Lincoln County *
Parkston, City Of
–
Madeira Beach, City Of
Lincoln County *
Montrose, City Of

subgrantee

Table B.3: Sample data from FEMA Dataset C

Carbon
Hettinger
Statewide
Franklin
–
–
–
Licking
–
–
Cass
Cache
Harrison
–
Statewide
Hutchinson
–
Pinellas
Statewide
Lee

county
FMA
FMA
FMA
FMA
FMA
FMA
SRL
FMA
FMA
SRL
FMA
FMA
FMA
SRL
FMA
FMA
FMA
FMA
FMA
FMA

program
1999
1997
2003
1998
1997
2006
2011
1997
2008
2010
1999
1998
1999
2008
1998
2000
2003
1997
1999
1998

year

8950.00
97123.00
14200.00
10470.00
61390.00
181872.75
383267.70
167760.00
562500.00
109699.56
12020.00
2600.00
55166.00
152145.00
11000.00
38965.00
12240.00
74118.50
5500.00
900.00

amount
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APPENDIX C

FISCAL YEAR CONSUMER PRICE INDEX

The following table of fiscal year consumer price index values was created by averaging
monthly Consumer Price Index (CPI) figures for the October-September period of each
year.
year
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011

fycpi
155.6
159.8
162.4
165.5
170.8
176.3
178.9
183.1
187.3
193.5
200.6
205.3
214.5
213.8
217.4
223.1

Table C.1: Fiscal year CPI measures
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APPENDIX D

FISCAL YEAR GOVERNMENT BORROWING RATES

The following table of fiscal year government borrowing rates was created by averaging
monthly borrowing figures for the October-September period of each year. This table also
includes a column “sdr2010” which is the associated discount rate, based on federal borrowing rates, that can be used for social discounting. The construction and use of this
table is similar to the Consumer Price Index (CPI) constructed by Bureau of Labor Statistics (BLS). However, the base year (that is, where the value is 100) is chosen to be 2011.
From here, it is possible to socially discount an amount from any year to any other year by
multiplying by the ratio of source to target year.
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year
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011

rate
6.33
6.46
5.57
5.27
6.17
5.22
4.80
3.95
4.30
4.21
4.76
4.72
3.92
3.21
3.36
2.99

sdr2010
196.0
184.1
174.4
165.7
156.0
148.3
141.5
136.1
130.5
125.2
119.6
114.2
109.9
106.5
103.0
100.0

Table D.1: Fiscal year federal borrowing rates
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