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Preface

Over the last decades, the United States has seen significant increases in disastrous flooding and rising losses in 
both human and property damage along rivers and coastlines from extreme storms and hurricane events. Hurricanes 
Katrina and Sandy will long be remembered for their human toll and economic costs—two of the most destructive 
natural disasters in U.S. history. These events not only had extensive personal and economic consequences for 
those directly and indirectly affected, but also threaten the nation’s long-standing efforts to reduce the impacts of 
such events. Nations around the world face similar challenges. 

Many of the damages that have resulted from flooding have involved either the failure of levees and related 
structures to withstand flood and hurricane stress, the overtopping of these levees once their design height was 
exceeded, or both. The majority of losses in New Orleans during Hurricane Katrina in 2005 stemmed from levee 
failures and overtopping. Many levees along the Missouri and Upper Mississippi rivers and their tributaries that 
were hit by historic floods in 2008 and 2011 experienced overtopping and failure. In 2007, the U.S. Army Corps 
of Engineers (USACE) reported that 122 levees under its oversight were at risk of failing, and later that year, the 
Congress passed the National Levee Safety Act. In 2009, a National Committee on Levee Safety, formed by the 
Act, stressed the threatening nature of this situation and indicated that a significant number of levees across the 
country are not well maintained and do not meet the standards required by the National Flood Insurance Program 
(NFIP), USACE levee programs, or accepted engineering practices. Also in 2009, the Infrastructure Report Card of 
the American Society of Civil Engineers assigned a grade of “D−” to the nation’s levees and cited a maintenance 
backlog of nearly $50 billion. 

The National Research Council (NRC) and its Water Science and Technology Board were asked by the Fed-
eral Emergency Management Agency (FEMA) to examine the manner in which levees are addressed in the NFIP 
and to provide advice as to what actions might be taken to improve program efficiency and effectiveness. The 
NRC established the Committee on Levees and the National Flood Insurance Program: Improving Policies and 
Practices to carry out this task. Committee members spent 16 months reviewing the program’s history, examin-
ing numerous documents and reports, receiving briefings from relevant stakeholders including FEMA and other 
government agency officials. It held 12 virtual and in-person meetings in Washington, D.C., and in the Houston 
Texas, Sacramento, California, and St. Louis, Missouri areas to meet with those who supervise, operate, and 
maintain or are affected by levees. 

For the most of the last three centuries, the nation has relied heavily on using structural means such as levees 
and dams to deal with flooding. Levees that are properly constructed, maintained, and upgraded when necessary 
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have prevented inundation of major communities in the face of major flood events and have helped avert billions 
of dollars in damages. The performance of the levees on the Lower Mississippi River during the record 2011 floods 
provided strong testimony to the value of levees. 

Beginning with studies in the 1940s and 1950s, including work from the late geographer Gilbert F. White, 
it was increasingly appreciated that a comprehensive approach to managing flooding that complemented levees 
and dams with nonstructural measures such as land-use planning, zoning, floodproofing, and flood insurance was 
needed. Over the last two decades of the 20th century, the comprehensive approach advocated by White began 
a transition to the concept of flood risk management that is founded on the understanding that no matter what 
actions are taken to reduce structural system risks, the residual risk of structural failure will always remain and 
that management strategies will take advantage of a broad portfolio of mitigation measures. This approach has 
been increasingly adopted around the globe and forms the basis of the European Union’s 2007 Flood Directive. 
This report focuses on technical and programmatic aspects of the NFIP’s treatment of levees and leveed areas 
that exist within the context of flood risk management and recognizing that NFIP-related levees represent only 5 
to 10 percent of the nation’s levees. 

This report does not address standards for levels of flood protection. The one percent annual chance (100-
year) flood originally was used by USACE and the Tennessee Valley Authority as one measure of explaining flood 
threat. This recurrence interval was later legislated by the Congress to designate areas that would be regulated in 
the NFIP. Over time, however, this standard has frequently been presumed also to be a flood safety standard for 
floodplain occupancy. Although an important topic, the committee concluded that it would be outside the charge 
to recommend a safety standard for levees in heavily urbanized area, but did note that many other expert reports 
have suggested that the one percent annual chance flood standard is inadequate for large urban areas. For example, 
a 2009 report from a committee of the NRC recommended that the protection system for the City of New Orleans 
be designed for a hurricane storm surge event with an expected recurrence interval of 400 to 1,000 years. The 
committee also discussed the natural and beneficial functions of floodplains and the impacts that activities in the 
floodplain have on these functions, but determined that this topic also was outside the charge.

In this report, the committee has been asked to not only address an overall subject, “Levees and the NFIP,” 
but also to examine separate, but somewhat interdependent, topic areas. As a result, the report provides both a 
continuous discussion of the levee issues in general and individual chapters focused on the different topic areas. 
Although the recommendations and conclusions offered in this report are focused on levees in the NFIP and the 
land behind them, they may also offer insights for the NFIP as a whole. To illustrate, the majority of losses from 
Hurricane Sandy in late 2012 were not levee related, as there are few levees or similar structures on the Delaware, 
New Jersey, and New York coastline. However, Sandy resulted in significant claims under the NFIP, and recovery 
efforts will involve a thorough examination of possible new risks and how to appropriately balance a range of 
possible structural and nonstructural alternatives for addressing these flood and storm risks. Many of the conclu-
sions and recommendations offered by this report have been drawn and offered in the past, and the committee has 
identified these earlier reports (Appendix G). Unfortunately, some of these historical lessons have yet to be fully 
appreciated and respected.

From the beginning of our effort, Doug Bellomo and Roy Wright, senior officials at FEMA, made themselves 
available to the committee and for that, the committee is most appreciative. Their openness accelerated the com-
mittee’s ability to quickly gain an understanding of the key issues that they faced. The committee also extends its 
appreciation to the numerous individuals who provided highly informative presentations and information regard-
ing their collective experience with levees and the NFIP (Appendix D). The committee extends thanks to FEMA 
staff for its transparency and generosity of time in answering the hundreds of questions posed by the committee. 
The work of Siamak Esfandiary, the FEMA liaison to the committee was especially helpful and ensured that the 
information needed by the committee was made available. David Bascom, Bill Blanton, Kelly Bronowicz, Paul 
Huang, Andy Neal, Dave Stearrett, and Jeff Woodward of FEMA and Ray Alexander, Bryan Baker, Eric Halpin, 
and Mike Jordan of USACE gave considerable assistance to the committee. The committee appreciates the chal-
lenges that both FEMA and stakeholders face and current and past efforts made to overcome these challenges. 
The committee offers this report in the hope that it will assist FEMA in executing its most important mission. 
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Finally, the committee owes much to the untiring efforts of our NRC Study Director, Dr. Laura J. Helsabeck, 
whose intellectual acumen, organizational skills, writing abilities, collaborative temperament, and exceptionally 
long hours brought the report together and kept us focused on our mission. She was ably assisted by our research 
associate, Michael Stoever, who deftly handled research and logistics activities for the committee over its term. 
Dr. Jeff Jacobs, the Director of the Water Science and Technology Board, provided much appreciated oversight 
of and support to the committee.

Gerald E. Galloway, Chair 
Committee on Levees and the  
National Flood Insurance Program: 
Improving Policies and Practices
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1

The Federal Emergency Management Agency’s (FEMA) Federal Insurance and Mitigation Administration 
manages the National Flood Insurance Program (NFIP), which is a cornerstone in the U.S. strategy to assist 
communities to prepare for, mitigate against, and recover from flood disasters. The NFIP was established by the 
Congress with passage of the National Flood Insurance Act in 1968, to help reduce future flood damages through 
NFIP community floodplain regulation that would control development in flood hazard areas, provide insurance 
for a premium to property owners, and reduce federal expenditures for disaster assistance. The flood insurance is 
available only to owners of insurable property located in communities that participate in the NFIP.1 Currently, the 
program has 5,555,915 policies2 in 21,881 communities3 across the United States. 

 The NFIP defines the one percent annual chance flood (100-year or base flood) floodplain as a Special Flood 
Hazard Area (SFHA).4 The SFHA is delineated on FEMA’s Flood Insurance Rate Maps (FIRMs) using topographic, 
meteorologic, hydrologic, and hydraulic information. Property owners with a federally backed mortgage within the 
SFHAs are required to purchase and retain flood insurance, called the mandatory purchase requirement (MPR). 

Levees and floodwalls, hereafter referred to as levees, have been part of flood management in the United 
States since the late 1700s because they are relatively easy to build and a reasonable infrastructure investment. 
A levee is a “man-made structure, usually an earthen embankment, designed and constructed in accordance with 
sound engineering practices to contain, control, or divert the flow of water so as to provide protection from tem-
porary flooding.”5 A levee system is a “flood protection system which consists of a levee, or levees, and associated 
structures, such as closure and drainage devices, which are constructed and operated in accordance with sound 
engineering practices.”6 Under NFIP regulations, homes and commercial buildings located in the SFHA within a 
participating community may be exempted from the MPR and land-use regulations when located behind a levee 
system that has been recognized by FEMA as providing protection against the one percent annual chance flood 

1  The NFIP primarily insures residential properties (single- and multifamily homes) but does insure a smaller number of commercial 
properties.

2  As of December 2012. 
3  As of June 2012. 
4  One percent annual chance flood, base flood, and the 100-year flood are terms commonly used to describe a hydrologic event that has a 

100-year (average) recurrence interval. That is, a flood that has in any year a 1 in 100 chance of being equaled or exceeded.
5  See Code of Federal Regulations, Title 44, Section 59.1 (44 CFR §59.1).
6  See 44 CFR §59.1.
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2	 LEVEES AND THE NATIONAL FLOOD INSURANCE PROGRAM

event, that is, “accredited.” Certification is the technical evidence provided by a levee owner to FEMA demonstrat-
ing that the levee system meets the requirements to reduce risk from at least the one percent annual chance flood.7 

Recognizing the need for improving the NFIP’s treatment of levees, FEMA officials approached the National 
Research Council’s (NRC) Water Science and Technology Board and requested this study. The NRC responded 
by forming the ad hoc Committee on Levee and the National Flood Insurance Program: Improving Policies and 
Practices, charged to examine current FEMA treatment of levees within the NFIP and provide advice on how those 
levee-related policies and activities could be improved. The study addressed four broad areas—risk analysis, flood 
insurance, risk reduction, and risk communication—regarding how levees are considered in the NFIP. Specific 
issues within these areas include current risk analysis and mapping procedures behind accredited and nonaccredited 
levees, flood insurance pricing and the MPR, mitigation options to reduce risk for communities with levees, flood 
risk communication efforts, and the concept of shared responsibility. For the full statement of task, see Chapter 
1, Box 1-4. The report’s principal conclusions and recommendations are highlighted in bold in this Summary.

TREATMENT OF LEVEES WITHIN THE NATIONAL FLOOD INSURANCE PROGRAM

After the establishment of the NFIP, efforts to identify the nation’s flood hazard began. Because many flood 
protection works, mostly levees, had, in the past, successfully passed what had been considered a one percent 
annual chance flood, both local communities and contractors raised the issue of excluding areas protected by a one 
percent annual chance or greater structure from the SFHA. As a result, areas behind levees were not labeled on 
early flood maps as being within the SFHA where levees had provided or were thought to have provided protection 
from the one percent annual chance flood or had been constructed by U.S. Army Corps of Engineers (USACE) to 
withstand the one percent or higher annual chance flood.

As the program evolved, levees were required to be certified and accredited in order for the areas behind 
them to be mapped out of the SFHA. When a levee in a community provides less than 1 percent protection, it 
is not shown on a FIRM as providing protection and the flood risk is assessed as if the levee does not exist. Not 
recognizing levees that are not accredited on FIRMs is referred to in this report as a “without levee” analysis. 
An all-or-nothing approach, this either gives communities credit for a one percent annual chance levee (through 
exclusion from the SFHA and exemption from the MPR, etc.) or does not; that is, a levee that is not accredited is 
not recognized on the FIRM. 

In 2003, with the support of communities and organizations to improve the quality of flood mapping, FEMA 
moved forward with a program to modernize maps by converting to a digital format and, when possible, providing 
a new engineering analysis. During “Map Mod,” FEMA officials became concerned that the levees encountered in 
this process might not meet the one percent annual chance standard despite being labeled as such. Affected com-
munities, faced with the potential movement of the previously exempt areas into the floodplain and the mandatory 
requirement to purchase flood insurance at rates that might be the same as areas without protection, argued that 
some credit should be given to the presence of the deficient levees (i.e., some protection less than the one percent 
annual chance flood). Members of the Congress urged FEMA to discontinue use of the without-levee analysis in 
updating FIRMs. In agreement, FEMA is currently developing a new approach, the Levee Analysis and Mapping 
Procedure (LAMP), to replace the without-levee approach.

MOVING TO FLOOD RISK MANAGEMENT AND A MODERN RISK ANALYSIS 

Flood risk management represents efforts to continuously carry out analyses, assessments, and related mitiga-
tion implementation activities to reduce flood risk. It focuses on assessment of flood hazards, the consequences 
resulting from flooding, the significance of risks identified, and the development of risk management strategies 
to deal with flood risk, which is gaining momentum across the global floodplain management community. Effec-
tive flood risk management requires use of the best available science in its execution. A flood risk analysis is that 

7  Certification may be accomplished by a registered professional engineer or a federal agency with levee responsibilities.
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analytical part of flood risk management that provides information about or quantifies consequences and prob-
abilities of a flood event.

The current NFIP flood hazard analysis is a partial risk-based analysis used with respect to performance of 
levee systems, where many parts of the analysis are deterministic in fashion. A levee system that is not accredited 
is not considered in the analysis used to quantify flood risk, even though it provides some (potentially considerable) 
protection against floods. This encourages communities to construct levee systems that protect only to the one 
percent annual exceedance flood, enabling new development in areas with significant, but unquantified exposure 
to catastrophic flood risk. Thus, protection against the one percent annual chance flood event is the de facto design 
standard for most levees seeking accreditation in the United States, with limited attention given to the consequences 
(“residual risk”) should a levee fail or be overtopped. Furthermore, levee systems that only marginally meet 
certification standards are vulnerable to loss of accreditation status. If not properly maintained, the performance 
of levee systems degrades over time due to erosion, rodent damage, subsidence, and other factors. Further, the 
frequency and magnitude of flood hazards can increase over time due to natural and anthropogenic causes. Loss 
of accreditation status can be very disruptive to the affected communities in terms of safety and insurance cost. 

Thus, the current NFIP approach to flood hazard analyses leads to an incomplete description of the flood 
hazard in many areas. This is not unknown to FEMA or relevant stakeholders, including policy makers. A more 
modern approach to flood risk analysis addresses problematic aspects of the without-levee analysis.8 The elements 
of a modern risk-based approach include:

• flood hazard analysis or an estimate of the frequency and magnitude of flooding; 
• levee and other system component fragility analysis, which estimates structure performance as a function 

of flood levels; 
• systems analysis, which includes all features that impact flooding along a levee system;
• levee breach and inundation assessment; and 
• consequence analysis that estimates the damage to structures that are inundated in a flood event.

All elements of this analysis are subject to uncertainty; the evaluation of these uncertainties is also integral 
to a modern risk analysis.

The modern risk-based analysis offers several advantages. It would provide an in-depth technical evaluation of 
flood hazards and directly account for the performance of levee flood protection systems whether accredited within 
the NFIP or located within an NFIP community. It would account for all features of the flood protection system 
(levees, gates, other structures) that significantly affect flood risk, as long as they meet minimum design, operation, 
and maintenance standards. Hence credit could be given for establishing flood insurance rates for flood protection 
systems that do not protect to the one percent annual chance standard, but at the same time provide some level of 
protection. In other words, the modern risk-based approach acknowledges that risk across a floodplain varies across 
the landscape. It has the impact of softening, but not eliminating, the one percent annual chance decision line. 

Also, a risk-based approach would estimate flood risk for lands protected by levee systems that do protect to the 
one percent annual chance standard or higher. In these circumstances, the risk analysis results would inform com-
munities of the flood protection system limitations and potential vulnerabilities, the actual flood risk being faced, 
and inform flood insurance ratings. Risk analysis results would also differentiate between protection provided by 
one percent annual chance levees and 0.2 percent levees. It would be able to recognize difference between low 
areas behind levees and higher ground. It would also provide guidance to the communities for development of new 
regulations that would encourage floodplain management. The NFIP should move to a modern risk analysis 
that makes use of modern methods and computational mapping capacity to produce state-of-the-art risk 
estimates for all areas that are vulnerable to flooding. 

8  In this report the term “modern” is used to indicate characterization and analysis of risk using the best science available to the risk man-
agement field.
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Levee Analysis and Mapping Procedure

The LAMP approach is based on sound algorithms and is a reasonable first cut at dealing with the potential 
contributions of levees that do not meet the standards for protection against the one percent annual chance flood. 
LAMP represents a response to the issues raised by members of Congress that, given funding and personnel 
constraints, will likely take several years to fully implement. However, it represents a diversion from the need 
to move the NFIP to a modern risk-based analysis. Because it would be highly unlikely for the NFIP to move 
forward concurrently with implementation of LAMP and development of a modern risk-based approach, a move 
to LAMP would simply postpone the inevitable need to move the NFIP to the risk-based foundation that other 
agencies and nations have already endorsed. FEMA should move directly to a modern risk-based analysis for 
dealing with areas behind levees and not implement the Levee Analysis and Mapping Procedure (LAMP). 
Should a decision be made not to implement LAMP, dealing with the current situation is still necessary; interim 
steps are proposed in Chapter 4 of the report.

INSURING PROPERTIES BEHIND LEVEES

Flood insurance is an essential part of the NFIP used to address catastrophic loss potential from floods. It 
provides a method for prefunding (usually over time) the adverse consequences of potential flood losses. FEMA 
evaluates the flood risk of policyholders and determines rates for the “full-risk” class through a balance of factors 
including the extent and type of flood hazard, the base elevation of the insured structure and the structure type,9 
the contents location (first floor, second flood, etc.), and whether or not the community participates in the Com-
munity Rating System (CRS)10 that provides discounts for communities that actively manage their flood risk.

The notion of actuarial soundness in the context of the NFIP is somewhat subtle and elusive because of the 
differences between a government-run program with mandated discounts, no profit requirement, no significant 
interest income, and reliable, significant borrowing power and the private sector from which the notions of actuarial 
soundness arose and are routinely applied. The major structural drawback to the fiscal soundness of the NFIP is 
not actuarial unsoundness due to inappropriate or inadequate rate-setting methodology or inadequacies, but rather 
the fiscal unsoundness caused by not being able to apply actuarial principles uniformly across all classes. The 
NFIP mandated “discounted risk” class was anticipated to eventually decrease substantially over time, and this 
has indeed been the case.11 Still, there are a substantial number of discounted policies in the NFIP. The differ-
ence between the full-risk premium for a discounted policy and the discounted premium for the policy is revenue 
lost to the NFIP (this lost revenue is not compensated for in any other part of the premium structure). FEMA is 
legally unable to raise premiums in a manner sufficient to allow the NFIP to be financially sound or to build a 
contingency reserve fund sufficient to pay for a catastrophic future loss. Without this ability, the NFIP is destined 
by law not by actuarial methodology inadequacy to run short of money in the long run, with occasional dramatic 
shortfalls. Furthermore, repetitive loss properties continue to drain the fiscal soundness of the NFIP. The NFIP is 
constructed using an actuarially sound formulaic approach for the full-risk classes of policies, but is finan-
cially unsound in the aggregate because of constraints (i.e., legislative mandates) that go beyond actuarial 
considerations. The Biggert-Waters Flood Insurance Reform Act directs adjustment of fiscal practices to move 
the NFIP to a more fiscally sound approach. 

Risk-based insurance pricing is key to efficient and equitable financial transfer of the risk. With a modern 

9  Condominium, single- or multifamily home, residential or commercial use, number of floors, with or without a basement, ventilated 
crawlspace, etc. 

10  FEMA’s Community Rating System (CRS) is a voluntary incentive program that encourages floodplain management activities exceeding 
the minimum NFIP requirements.

11  The discounted risk class applies when (1) a structure was built before the flood insurance maps were available, that is, a “pre-FIRM” 
structure or built before December 31, 1974; (2) a structure was built in a V zone before 1981 and before maps that consider wave height were 
adopted in setting flood insurance rates; (3) a structure is in an AR or A99 zone for levees in the course of reconstruction or construction (and 
so their current actuarial risk does not correspond to their current risk charge); or (4) the policyholder participates in a group flood insurance 
policy. Currently, approximately 20 percent of NFIP policies are discounted policies.
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risk-based analysis, a gradation of probabilities that can differ from property to property even within the same 
geographic area or flood zone can be applied. Rate setting for properties behind levees, accredited or not 
accredited, should be improved by using a modern risk analysis method employing advances in hydrology, 
meteorology, and geotechnical engineering to more precisely calculate the probability of water inundation 
levels and the associated damage estimates throughout the area behind the levee in a graduated fashion. 
This will replace the current approach and more appropriately reflect the risk. 

The Mandatory Purchase Requirement 

When the NFIP was established, property owners could purchase insurance voluntarily. In 1973, given the 
limited voluntary purchase that had taken place to that date, the mandatory purchase requirement (MPR) was imple-
mented to ensure that the exposure of the federal government through mortgages on properties within the SFHA 
was covered by insurance, thus decreasing the financial burden on the federal government for uninsured losses. 
Although the MPR applies to properties within the SFHA that hold a federally backed mortgage, apart from those 
behind accredited levees, the NFIP encourages all those living in areas subject to flooding to purchase insurance.

The effectiveness of the MPR can be explored by examining the percentage of those living within the SFHA 
who have insurance (i.e., market penetration) and the percentage of those living within the SFHA with a federally 
backed mortgage who have insurance (i.e., MPR compliance). Review of studies indicate that national market 
penetration in the SFHA is between 30 and 50 percent and national MPR compliance is between 50 and 78 percent. 
The more recent and more detailed information indicates that penetration and compliance are likely closer to the 
lower values in both ranges. 

The development of market penetration and compliance estimates are confounded by several factors including 
varied structure type across assessment (single-family homes versus all residential structures), whether or not the 
structure owner carries a mortgage, and whether or not the structure is insured with a federal lender. Regardless, 
national market penetration and compliance studies call into question the efficacy of the MPR. The current policy 
of mandatory flood insurance purchase appears to be ineffective in achieving widespread purchase of NFIP 
flood insurance policies. To date, relying on federal supervisory agencies to oversee and lenders to require pur-
chase has not achieved widespread compliance with the MPR. Extending the MPR to areas behind levees where 
there are large numbers of structures, incomplete determination of flood risk, and varied evidence supporting its 
effectiveness is imprudent. At this time, there is no sound reason to institute mandatory purchase of flood 
insurance in areas behind accredited levees.

A perception exists that if the NFIP simply sold more policies, the program’s fiscal issues (e.g., debt to the 
U.S. Treasury) would be solved. However, simply adding new policies does not automatically improve the pro-
gram’s fiscal soundness. Adding new polices could lower the program’s overall risk if the policies increased the 
program’s diversification of risk acquired through those policies. However, adding new policies very well may 
increase the NFIP’s overall risk through concentration of policies in, for example, high-risk areas such as the 
SFHA. Furthermore, adding new policies would also increase the program’s exposure to risk accumulation, or 
the additive risk of multiple events occurring at the same time. If NFIP policies continue to be concentrated in the 
same high-risk areas around the country, the diversification of risk and the fiscal soundness of the program will 
remain relatively unchanged.

Upon implementation of a modern risk analysis, insurance rates will more accurately reflect flood risk behind 
a levee. If the insurance rate goes up, it indicates that the property is at more peril than previously understood to 
be; if the insurance rate goes down, it indicates the property is at less peril than previously understood to be. Thus, 
FEMA’s moving to a modern risk-based analysis and pricing premiums accordingly will have an impact on NFIP 
policy purchase. (The Biggert-Waters Flood Insurance Reform Act directs full, risk-based premiums and elimina-
tion of certain discounts, also promoting a change to the NFIP that affects policy purchase.) More accurate pricing 
and more information created by a modern risk analysis has the potential to prompt additional policy purchase. 
Property owners would be more favorably inclined to buy flood insurance if individual risk is well known and 
understood and insurance rates are priced to match the probability of flooding and financial impact of flooding 
events. This includes areas behind levees, both accredited and not accredited, in the SFHA at large, and also non-
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SFHA areas. It is likely that if a lender has more information through a risk-based analysis, the lender is more 
aware that requiring flood insurance purchase is in line with its fiduciary responsibility. However, this premise is 
challenged by nuances in risk communication principles, specifically, that awareness does not necessarily lead to 
actions to mitigate risk. 

As the use of risk-based pricing becomes widespread, the thinking behind the necessity of the MPR in the 
SFHA may change, along with the decision of waiving the MPR behind an accredited levee. A modern risk-
based analysis has the potential to impact the purchase of flood insurance, diversify the NFIP’s exposure 
to flood risk, and generate a fiscally sounder program. Once the risk-based approach has been put in place 
and matures, FEMA should review and study the necessity of the mandatory purchase requirement behind 
levees and throughout the SFHA.

IMPLEMENTING FLOOD RISK MANAGEMENT STRATEGIES

There is some level of risk to all locations within the floodplain. The magnitude of that risk is a function of 
the flood hazard, the characteristics of a particular location (e.g., elevation, proximity to the river or coast, and 
susceptibility to fast-moving flows and surges), measures that have been taken to mitigate the potential impact of 
flooding, the vulnerability of people and property, and the consequences that result from a particular flood event. 
The initial risk to an area is represented by the area’s characteristics without consideration of mitigation and risk 
transfer measures and the vulnerability of the population. Mitigation and risk transfer measures reduce the overall 
risk to some degree, but it is impossible to completely eliminate risk, resulting in residual risk. 

A flood risk management strategy identifies and implements measures that reduce the overall risk. Available 
measures include structural (levees, dams, pumps, etc.), nonstructural (elevation, relocation, etc.), and risk transfer 
methods, that is, insurance. In developing a flood risk management strategy, those responsible judge the costs 
and benefits of each measure taken and its overall impact in reducing the risk. Levees represent one method of 
reducing the impacts of flooding on a community or a region.

There are varied circumstances that dictate flood risk behind levees. These circumstances can include anything 
from proximity to the coast, local climate, population growth, existing infrastructure, to community preparedness. 
Some risk scenarios are associated with long time horizons, such as flooding associated with climate change, and 
might be less perceptible to the at-risk community compared with, for example, a design deficiency in a levee 
discovered during the Map Mod process. The importance of climate change and population growth is further 
highlighted when considering the future impact on the size of the nation’s floodplain, both geographically and in 
terms of population, and the corresponding number of insurance policies needed in the floodplain.12 Complicated 
scenarios arise as communities grapple with unique situations. A mix of flood management mitigation and risk 
transfer measures tailored to the risk of a particular community is the most effective flood risk reduction strategy. 
There is a clear need for a comprehensive, tailored approach to flood risk management behind levees that 
(1) is designed and implemented at the local level; (2) involves federal and state agencies, communities, 
and households; (3) takes into account possible future conditions; and (4) relies on an effective portfolio 
of structural measures, nonstructural measures, and insurance to reduce the risk to those behind levees.

To reduce the flood risk to those behind levees, FEMA should encourage communities to develop and 
implement multimeasure risk management strategies for areas behind accredited levees. This strategy would 
contemplate the full range of foreseeable flood scenarios involving levee overtopping or failure and future condi-
tions. The development of new risk management analysis tools will facilitate the identification of risks and suggest 
feasible approaches to dealing with the risks to those behind levees. 

Development and maintenance of supporting policies affecting the portfolio of mitigation measures are both 
critical and effective floodplain management strategies. In the case of levees, the principal regulatory document 
that establishes the procedures for inclusion of levees in the program is Title 44 of the Code of Federal Regula-
tions, which contains several parts pertaining to levees in the NFIP. There is a need for revisions to this document 
that address the handling of embankments (i.e., railroads or existing roads) in a levee system, provide a unique 

12  Hydrologic nonstationarity associated with environmental change makes these uncertainties even more complex.
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designation for areas behind accredited levees on FIRMs, require actions to verify to FEMA that an accredited levee 
maintains integrity, and expand requirements for maintenance to ensure the carrying capacity of the river channel. 

A modern risk analysis and effective flood management strategy options require knowledge of the location, 
condition, and ownership of levees. Currently, the majority of the knowledge of the extent of levees in the United 
States is at the federal level. The USACE’s National Levee Database (NLD) is the biggest single resource for levee 
data in the United States and currently includes more than 2,500 levees and associated structures (also known as 
levee systems) totaling more than 14,500 miles in length, catalogued in digital format. The FEMA Mid-Term Levee 
Inventory (MLI) database, designed to complement the NLD, contains data on 5,100 miles of NFIP-accredited 
levees and an additional 24,700 miles of other levees identified by FEMA. 

There is currently no method to determine whether a levee in the NLD is also in the FEMA MLI except through 
a one-to-one comparison of certain levee characteristics. Because some data elements in the two inventories are 
different, USACE and FEMA have been attempting to manually look for overlaps, but have yet to complete the 
effort. A preliminary analysis by both agencies indicates that approximately 3,400 miles of levees, or 66 percent, 
may be operating under oversight of both agencies. There is a reasonable understanding of the number of feder-
ally owned and operated levees in the country, although opportunities for improvement exist. Efforts to inventory 
levees at the state level vary widely, with the majority of the states not having levee inventories. The definition 
of what constitutes a levee also varies widely in inventory efforts, ranging from structures built under federal and 
state supervision to other structures, such as embankments, highways, railroads, irrigation water and supply canals, 
that work to reduce flooding. A comprehensive inventory of the nation’s levees, along with a consistent definition 
of a levee, is needed to ensure public safety and develop appropriate floodplain management strategies. The states 
have an important role in inventorying the number of levees within their respective borders. This information can 
then be combined with a federal inventory to create an accurate assessment and inventory of the nation’s levees.

RISK COMMUNICATION

Development of appropriate strategies for risk communication is part of the overarching formulation of flood 
risk management strategies. Challenges associated with the public perception of flood risk need to be considered 
when developing risk communication strategies, including: 

•	 The meaning of the 100-year floodplain and, to a lesser degree, the one percent annual chance flood is 
often misunderstood.

•	 Awareness of risk does not always lead to actions to reduce or mitigate risk.
•	 People assume that flood control structures are “safe,” with no need to take additional actions to mitigate 

risk.
•	 Experience with floods matters and influences the actions that residents and communities take to mitigate 

the impacts.
•	 People will seek advice from friends, family, and neighbors on the determination of risk and actions to 

reduce flood risk.
•	 Personalizing risk on the basis of the experience and feelings is more likely to motivate behavioral action 

than simply providing technical information about risks and consequences.

Communicating the concept of residual risk behind a levee presents an additional challenge. Furthermore, 
the variety of levee-related stakeholders, including several federal agencies with different roles and responsibili-
ties who are sources and recipients of risk information, adds additional complexity. So, rather than one entity 
confronted with the challenge of communicating risk to the public, levee-related flood risk communication efforts 
face the challenge of presenting unified, effective communication among all the governmental agencies, as well 
as between agencies and the public. 

Historically, there has been little information about hazards associated with levees available to local communi-
ties, other than Flood Hazard Boundary Maps and FIRMs that reflect only the flood hazard area (the area flooded 
by the one percent annual chance event). However, this is changing with continued efforts to communicate flood 
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risk behind levees, largely with nonregulatory products.13 To be effective, risk communication efforts need to be 
anchored in several principles: 

•	 delivered at the local level;
•	 tailored to individual households, communities, and other stakeholders; 
•	 delivered from a credible and trusted source;
•	 long term; 
•	 have consistent, correct, and nonconflicting content; 
•	 encourage or motivate some behavior; 
•	 account for the values of target audiences or communities; 
•	 employ multimodal networks; and 
•	 provide repeat messaging. 

FEMA and others involved in risk communication at all levels should incorporate contemporary risk com-
munication principles in the development of flood risk communication strategies and implementation efforts.

It appears that risk communication efforts surrounding NFIP levees have an advantageous window of attention 
during three situations: (1) after a flood disaster, (2) through the mapping programs, and (3) when a community 
participates in FEMA’s CRS program. It also appears that during these three situations, in particular situations 1 
and 2, considerable confusion and controversy or considerable success in communicating risk can occur. FEMA 
should communicate flood risk through a collaborative approach that works with and provides strong sup-
port to local communities. 

SHARED RESPONSIBILITY IN MOVING TO FLOOD RISK MANAGEMENT

Several federal agencies, state and local governments, and other stakeholders play important roles in manag-
ing the nation’s flood risk. Federal roles are dictated by their legislated authorities and presidential guidance. As 
such, coordination challenges exist. Collaborative and coordinated efforts that share responsibility for levee-related 
flood risk across the federal, state, and local levels are not as robust as they could be. Increased coordination and 
cooperation among and between governmental agencies, state and local entities, and the public at large would 
result in increased effectiveness of and improved efficiency within the NFIP, and would improve the nation’s 
approach to floodplain management and treatment of levees. Promising developments do exist, but more progress 
is necessary. A coordinated, national approach that shares responsibility across federal, state, and local entities is 
necessary to appropriately manage the nation’s flood risk behind levees.

FEMA and USACE are challenged by different approaches to risk analysis. The technical and programmatic 
differences between FEMA and USACE as they relate to the evaluation of flood hazards and levee systems have 
been and continue to be an issue that compromises interagency communication and causes confusion and frustration 
in the local communities that work with the agencies and in the public that is being served. FEMA and USACE 
should jointly develop a common, risk-based approach to levee assessment in a timely manner and apply 
this approach to all levees assessed by the two agencies. This includes a joint methodology, procedure, and 
where feasible, the sharing of models and other risk analysis tools. 

The utility of levee-related flood risk communication developed and communicated at the federal level is 
challenged by uncoordinated messaging. One federal message using consistent terminology, transparent data, 
and open discussion and decisions about the determination of flood risk is critical to inform the affected 
communities who, in turn, communicate and manage risk at the local level. FEMA should assume a leader-
ship role in providing direction for research, development, and release of flood risk communication products 
and maps. 

13  The committee interprets regulatory flood risk communication products as FIRMs and nonregulatory products as all other FEMA products 
that communicate leveerelated flood risk. 
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MOVING FORWARD

This report provides advice on the current treatment of levees within the NFIP. Key to this advice is the 
transition of FEMA to a flood risk management approach and the use of a modern, risk-based analysis of flood 
risk. This transition will, no doubt, be challenging. New or revised regulations, procedures, and training systems 
will need to be established, and clear, consistent messaging to those affected by the new approaches is critical. A 
modern risk analysis will bring about changes in insurance ratings and modify current perceptions of risk. Com-
municating flood risk in general and flood risk behind levees will require close collaboration among all levels of 
government and within governmental agencies. There are currently legal challenges and more will most likely 
arise. The appropriate balance between public and private investment will continually be considered. Despite these 
challenges, the advice in this report is provided to move FEMA’s NFIP toward floodplain management anchored 
in a modern risk-based analysis, a move that is increasingly recognized as imperative in the floodplain manage-
ment community.
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The Federal Emergency Management Agency’s (FEMA) Federal Insurance and Mitigation Administration1 
manages the National Flood Insurance Program (NFIP), which is a cornerstone in the nation’s strategy to assist 
communities in preparing for and recovering from flood disasters. The NFIP was established by Congress with 
passage of the National Flood Insurance Act in 1968, because despite the nation’s efforts to address flood hazards 
through construction of civil engineering works such as dams, levees, and floodwalls and seawalls, flood losses 
were rising and unwise development within floodplains was continuing. The Act was passed to reduce future 
flood damages through implementation of community floodplain ordinances that would control development in 
flood hazard areas, provide flood insurance for a premium to property owners, and, as a result, reduce federal 
expenditures for disaster assistance. The flood insurance is available only to owners of insurable property located 
in communities that participate in the NFIP.

Today, most of the nation’s communities with significant flood hazards have joined the NFIP. Currently, the 
program has approximately 5,555,915 policies2 in 21,881 communities3 across the United States (Siamak Esfandi-
ary, FEMA, personal communication, February 2013). Although community participation is voluntary, communi-
ties must agree to a floodplain management ordinance that requires that new buildings be built at or above the 
level of the one percent annual chance flood.4 In turn, FEMA will issue Flood Insurance Rate Maps (FIRMs) and 
make flood insurance available throughout the community (FEMA, n.d.). 

A key feature of the NFIP is that structures in areas within a community that are determined to be located 
within the one percent annual chance flood (100-year or base flood) floodplain are referred to as being within the 
Special Flood Hazard Area (SFHA) (Box 1-1). These areas are subject to mandatory flood insurance purchase 
requirements. 

The SFHA is delineated on FEMA’s FIRMs using topographic, meteorologic, hydrologic, and hydraulic 
information. It is difficult to estimate the degree of exposure to flood risk in the United States. FEMA currently 
estimates that 6.5 percent of U.S. housing units, or 5.8 percent of the population, are located in SFHAs, which 
equates to about 7.3 percent of the nation’s area (Table 1-1).

Levees and floodwalls, hereafter referred to as levees, have been part of flood management in the United States 
since the late 1700s because they are relatively easy to build and a reasonable infrastructure investment. A levee 

1  See http://www.fema.gov/what-mitigation/federal-insurance-and-mitigation-administration-fima#0.
2  As of December 2012. 
3  As of June 2012. 
4  The requirements related to this ordinance are found in Title 44 of the Code of Federal Regulations, including Parts 59 and 60. 
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is a “man-made structure, usually an earthen embankment, designed, and constructed in accordance with sound 
engineering practices to contain, control, or divert the flow of water so as to provide protection from temporary 
flooding.”5 Levees are generally designed to control water up to a given water elevation and, unlike dams, levees 
do not typically have spillways to reduce structural damages when water levels exceed the design criteria and 
overtop the structure (Box 1-2). A levee system is a “flood protection system which consists of a levee, or levees, 
and associated structures, such as closure and drainage devices, which are constructed and operated in accordance 
with sound engineering practices.”6 Under NFIP regulations, homes and commercial buildings located in the SFHA 

5  See Code of Federal Regulations, Title 44, Section 59.1 (44 CFR §59.1).
6  See 44 CFR §59.1. An expanded definition of a levee system, adapted from the National Committee on Dam and Levee Safety, is as follows: 

A levee system comprises one or more components that collectively provide flood risk reduction to a defined area. Breach or malfunction of 
one component within a system constitutes breach or malfunction of the entire system. The levee system is inclusive of all components that 
are interconnected and necessary to ensure exclusion of floodwaters from the associated leveed area. The leveed area may also be considered 
as the associated separable floodplain or separable consequence area. Structures and features include levee and floodwall sections, closure 
structures, pumping stations, culverts, interior drainage works, and other structures and features, such as highway and railroad embankments 
that function as components of the system whether or not intentionally constructed as part of the system.

BOX 1-1 
One Percent Annual Chance Flood

One percent annual chance flood, base flood, and the 100-year flood, are terms commonly used to 
describe a hydrologic event that has a 100-year (average) recurrence interval, that is, a flood that has in 
any year a 1 in 100 chance of being equaled or exceeded. The National Flood Insurance Program (NFIP) 
refers to properties in the one percent annual chance floodplain as those in the Special Flood Hazard 
Area. An illustration showing the impact of a one percent annual chance flood on a natural floodplain with 
various levee heights is shown in Figure 1-1. Over the lifetime of a 30-year mortgage, this equates to at 
least a 26 percent chance that the property will be flooded if the property is in the one percent annual 
chance floodplain. Probability theory is used to derive the value 26 percent, where each of the 30 years is 
accounted for as having a one percent annual chance flood (USGS, 2010.) 

Similarly, hydrologic events of any size are described using the same nomenclature, for example, 
the“50-year” or “500-year” describing events that have a 1 in 50 chance or 1 in 500 chance of occurring (2 
percent annual chance flood and 0.2 percent annual chance flood, respectively). Levees are also classi-
fied in the same way; that is, a 100-year levee is of adequate height to withstand the one percent annual 
chance flood. 

There is a degree of interchangeability in general use of these terms. However, the use of certain 
recurrence interval terms, such as the “100-year flood,” can cause confusion because it is interpreted as 
a flood that occurs once every 100 years (USGS, 2010).

FIGURE 1-1 Illustration of the one percent annual chance flood (Q100) and the impact on a natural floodplain with 
various levee heights. 
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within a participating community may be exempted from the mandatory purchase requirement and land-use regula-
tions when located behind a levee system that has been recognized by FEMA as providing protection against the 
one percent annual chance flood event, that is, accredited.

For a levee system to gain accreditation status, a community or other party must submit an accreditation 
package to FEMA (Figure 1-2). This package includes certification by a registered Professional Engineer (P.E.) 
or federal agency with responsibility for levee design that the levee system has been adequately designed and 
constructed to provide protection against the base flood according to the structural requirements of the FEMA 
criteria as found in Title 44, Section 65.10 of the Code of Federal Regulations (44 CFR §65.10; see Appendix A 
of this report for the full text of this regulation). Accreditation also requires an operation plan and a maintenance 
plan for the levee system, the details of which are also found in 44 CFR §65.10. FEMA’s Procedure Memorandum 
63, Guidance for Reviewing Levee Accreditation Submittals, discusses the process of review for compliance with 
44 CFR §65.10 and accreditation (FEMA, 2010). 

Levees can provide some flood control benefits that range from minor to substantial. For example, during 
record-setting floods in 2011, the levee system on the Lower Mississippi River was credited with preventing over 
$110 billion dollars in damages to the lands behind them (MRC, 2011). At the same time, no levee can provide 
absolute protection against all floods and failures of levee systems, such as those that occurred during Hurricane 
Katrina, which can cause billions of dollars worth of damages and threaten lives. All levees are subject to struc-

BOX 1-2 
Use of the Word “Protection”

In the literature, the word “protection” is often used to describe a levee that “protects” against a one 
percent annual chance flood. For example, from 44 CFR §65.10 when describing levee design criteria, 
“For levees to be recognized by FEMA, evidence that adequate design and operation and maintenance 
systems are in place to provide reasonable assurance that protection from the base flood exists must be 
provided.” This type of language leads to the inaccurate conclusion that levees are “safe” and protect, 
without fail, to the one percent annual chance flood. However, all levees, even accredited levees, can fail 
or be overtopped—that is, achieving zero risk is not a possibility. Thus, in trying to make areas safer, in 
reality, the potential for catastrophic losses is increased (Burby, 2006). 

The use of the word protection is unavoidable in discussion of levee-related flood risk. However, it is 
important to keep in mind that although levees do offer “protection” from floodwaters, they only separate 
the area behind a levee from floodwaters until the point where the levee fails or is overtopped.

TABLE 1-1 National Special Flood Hazard Area (SFHA) Population, Housing Units, and Square Miles 
Distribution

Total in SFHA
Total
Outside SFHA Total NationalCoastal Riverine Total

Population within SFHA (million) 6.9 11.3 18.2 294.2

312.4National percentage population in SFHA 2.2   3.6 5.8   94.2

Housing units within SFHA (million) 3.8   4.9 8.6 124.7

133.3 National percentage housing units within SFHA 2.8   3.7 6.5   93.5

Area within SFHA (square miles) 42,677 222,621 265,299 3,375,949

3,641,247National percentage area in SFHA 1.2   6.1 7.3   92.7

SOURCE: RAMPP (2012).
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tural failure. Thus, there are always risks to property, infrastructure, and inhabitants located behind levees, that 
is, residual risk (Box 1-3).7 

The concept of residual risk behind levees confounds and complicates many public policy and investment 
decisions. For example, a levee may provide benefits in the form of flood damages prevented, but such benefits 
must be balanced against the costs of building and maintaining a levee and the potential costs of a levee being 
overtopped or failing. If a levee is capable of controlling the water flow of the one percent annual chance flood 
event, there is still a 26 percent probability that the levee will be overtopped at least once in the next 30 years. 
There is also some probability that the levee will not maintain its structural integrity as the flood waters rise 
against it, or that because of poor maintenance or operation it will not function as designed. Also, initial levee 
construction may have been faulty.

Moreover, residual risk generally changes over time with changes in land-use patterns, development, and 
hydrologic variability. If development behind a levee substantially increases, the consequences of a levee failure 
or overtopping will also substantially increase. If development upstream of the levee site increases, the rainfall 

7  Overtopping is the condition that occurs when floodwaters exceed the levee height. Levee failure is when the design component of a 
levee is reached. Overtopping and failure occur in a variety of scenarios related to the performance of the levee, including breach before or 
after overtopping, overtopping without a breach, and malfunction of system components (e.g., gates, pumping plants, or floodwalls). These 
scenarios result in different degrees of inundation, with failure causing the most severe flooding. 

FIGURE 1-2 FEMA’s levee system accreditation/recognition process.
NOTES: Recognition is used in parallel with accreditation in 44 CFR §65.10; design criteria for levee systems to be recognized 
by FEMA are provided in 44 CFR §65.10(b)(1)-(7).
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runoff into the river and the level of the flow increase. An additional challenge to federal, state, and local officials 
is that the concept of residual risk behind levees causes confusion for residents living or working behind levees. 
Because areas behind the 100-year levee are not shown on FIRMs as subject to the one percent annual chance 
flood and residents are not subject to the MPR, many residents assume that they are protected against all flooding, 
not just the one percent annual chance flood.

Stationarity is the idea that hydrologic systems fluctuate in an unchanging envelope of variability. Water 
management systems have been designed on the basis of this assumption throughout the world (Milly et al., 2008). 
However, factors such as climate change, land use, and demographic change impact the water cycle and are caus-
ing the Earth’s hydrologic system to depart from the historical behaviors (NRC, 2011). Changes in hydrology 
could dramatically change exposure to flood risk. Furthermore, nonstationarity means that the elevation of the one 
percent annual chance flood will change over time. For programs based on the one percent annual chance flood, 
this has the potential to cause conflict and confusion.

BOX 1-3 
Risk, Residual Risk, and Uncertainty

Many definitions of risk (i.e. disaster risk) exist in the literature (Peduzzi et al., 2009; IPCC, 2012; 
NRC, 2012). A broad definition of risk is adopted in this report when dealing with physical hazards and 
their consequences. Risk is the potential for adverse effects from the occurrence of a particular hazardous 
event, which is derived from the probable combination of physical hazards (physical characteristics), the 
exposure and vulnerabilities of people and property subject to danger or damage from the hazard, and 
the consequences (impact or damage) caused by the hazard. In the context of this report, the physical 
hazard discussed is flooding.

Note, however, that in insurance nomenclature, risk is the term used to designate the loss conse-
quence of the realization of the uncertain peril, and it may be financial or nonfinancial in nature (e.g., 
reputational loss). The cause of loss is called a peril, and a condition or situation that increases either the 
likelihood or severity of the peril occurring is called a hazard. This latter definition is used in Chapter 5 in 
discussing insurance rating. 

Similarly, many definitions of residual risk exist in the literature (USACE, 2006; UNISDR, 2009). A 
broad definition of residual risk is adopted in this report. Residual risk is the risk that remains after consid-
ering the mitigating effects of structural, nonstructural, and other risk reduction measures. Residual risk is 
always present behind a levee, because no levee is fail-safe. 

Determination of risk requires analyses that are dependent on knowledge of the factors that influence 
the risk. There is uncertainty connected with the definition of these factors. A 2010 National Research 
Council committee examining risk for the Department of Homeland Security found that

uncertainty is always present in our ability to predict what might occur in the future, 
and is present as well in our ability to reconstruct and understand what has happened 
in the past. This uncertainty arises from missing or incomplete observations and data; 
imperfect understanding of the physical and behavioral processes that determine the 
response of natural and built environments and the people within them; and our inability 
to synthesize data and knowledge into working models able to provide predictions where 
and when we need them. (NRC, 2010)

The specific nature of the elements of uncertainty are examined in detail in Chapter 3. 
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THE CURRENT STUDY

In 1982, the NRC issued a FEMA-sponsored report regarding levee policies for use in administering floodplain 
management, insurance, and risk mapping aspects of the NFIP (NRC, 1982). The report’s recommendations were 
taken into account in 1986 when requirements for levee system accreditation were established (44 CFR §65.10; 
see Appendix A). The regulations focus on requirements that must be met if a community or levee owner requests 
that a levee system be recognized on the NFIP FIRMs. 

The most recent mapping techniques for accredited and not accredited levees were developed and published 
in 2002 (FEMA, 2002). During its Map Modernization Program or “Map Mod,”8 funded for fiscal years 2003 to 
2008, FEMA determined that analysis of the role of levees in flood risk reduction would be an important part of 
the effort and noted that the status of the nation’s levees was not well understood and the condition of many levees 
had not been assessed since their original inclusion in the NFIP, if at all. FEMA also learned that a large number of 
accredited levees might no longer meet the requirement of 44 CFR §65.10 because of either structural deficiencies 
or insufficient information on which to base continued compliance with regulatory requirements. Deaccrediting 
a number of large levees that were previously accredited and making distinctions between a levee versus road or 
railroad embankments that have served as part of the levee system are topics with significant social and political 
ramifications and are top priorities for FEMA.

Recognizing the need for improving the risk assessment and mapping techniques for areas behind levees, 
improving regulations governing levees in NFIP, raising public awareness of the levee risk, and enhancing institu-
tional relationships, FEMA officials approached the NRC Water Science and Technology Board and requested the 
present study. The NRC responded by forming the ad hoc Committee on Levee and the National Flood Insurance 
Program: Improving Policies and Practices (Appendix B). The committee’s charge was to examine current FEMA 
treatment of levees within the NFIP and provide advice on how those levee-related policies and activities could be 
improved. The study addressed risk analysis, flood insurance, risk reduction, and risk communication regarding 
how levees are considered in the NFIP (Box 1-4).

This report offers conclusions and recommendations to improve the science and engineering behind the 
NFIP’s treatment of levees. Often, nonscientific issues are integral to solving challenging questions such as those 
captured in the statement of task for this report, for example, available resources; social and cultural values; and 
a variety of federal, state, and local regulations and laws. Defining and adhering to the boundary between science 
and engineering and policy is challenging for scientists, decision makers, and stakeholder groups. There is a role 
for science and engineering to inform policy decisions, a role that is explored in this report. 

The NFIP offers insurance to all property owners in communities that participate in the program regardless of 
where the property is located. This includes properties behind levees and those not behind levees but within the 
SFHA. This also includes geographic areas that are vulnerable to flooding that might extend beyond the SFHA. 
This report provides guidance on FEMA’s treatment of levees in the NFIP, considering risk analysis, risk reduction, 
insurance rates, and risk communication. Many of the issues covered in this report are not limited to managing 
property and life risk behind levees—FEMA grapples with these issues throughout the SFHA and often beyond. 
Thus, some of the content of this report can be extended throughout both the SFHA and the surrounding floodplain 
despite the fact that it was written within the framework of levees. The report explicitly states when observations 
relate to the SFHA, rather than just the area behind levees. The report also distinguishes between the SFHA and 
the floodplain at large, when appropriate. 

Despite relevance to the report, providing specific advice on some topics was determined to be outside of the 
scope of the statement of task. For example, the report does not provide conclusions or recommendations related 
to the appropriateness of the current standard for the NFIP (i.e., the base flood elevation or the one percent annual 
chance flood event). However, the report does provide perspective on the current view of this standard in the sci-
entific literature and identifies efforts to utilize alternative standards. The report also does not specifically address 
fiscal issues associated with construction, maintenance, and upgrades of levees within the NFIP, other than to 
identify where such issues may arise. The report does not address the subjects of fiscal responsibility for disaster 

8  Map Mod was a 5-year program to modernize FEMA flood maps by converting from paper to digital format and updating out-of-date 
maps, when possible. Map Mod is discussed further in Chapter 2. 
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BOX 1-4
Statement of Task

An ad hoc committee will examine current FEMA treatment of levees within the National Flood Insur-
ance Program, and provide advice on how those levee-related policies and activities could be improved. 
The study will  address the following topics regarding how levees are considered in the NFIP: (1) risk 
analysis, (2) flood insurance, (3) risk reduction, and (4) risk communication. More specifically, within this 
framework the committee will consider the following key issues and topics: 

(1) RISK ANALYSIS
•	 Current risk analysis and mapping procedures and guidelines of levees implemented to determine 

risk premium rate zones for flood insurance purposes.
•	 Existing Special Flood Hazard Areas (SFHA) and their corresponding risk premium rates for areas 

behind accredited and non-accredited levees.
•	 Existing requirements for levee accreditation under 44 CFR §65.10.

(2) FLOOD INSURANCE
•	 Flood insurance pricing options for areas behind levees. 
•	 Direct annualized flood loss estimates for residential and commercial structures behind levees.
•	 Waiving mandatory flood insurance purchase requirements for areas behind accredited levees. 

(3) RISK REDUCTION
•	 Floodplain management, building standards, and land use practices employed behind levees 

across the nation.
•	 Engineered overtopping and breaches as a risk reduction or mitigation measure for levee systems.
•	 Existing and proposed levee-related grants and personal assistance policies. How can communities 

maximize benefits and reduce risks by using these?
•	 Mitigation options for communities with levees to help offset risks as investments grow in them and 

in areas behind levees

(4) RISK COMMUNICATION
•	 Existing FEMA levee outreach activities, programs, and material.
•	 The concept of “shared responsibility” for flood risk management and how it might be promoted.
•	 Incentives for communities to participate in mitigation activities that reduce levee-related risks.
•	 Non-regulatory products that can complement regulatory products in terms of risk communication.

The study and report will examine the efficacy of these practices and policies, make observations 
regarding levee policies, and analyze options for improving FEMA’s treatment of levees within the National 
Flood Insurance Program. All conclusions and recommendations will be grounded in physical and social 
science and engineering concepts and evidence.

assistance or the relationship between federal disaster assistance and flood insurance, flood damage mitigation, or 
“affordability” of levees for a community. 

In the course of deliberations and information-gathering efforts, it became clear that use and interpretation of 
critical levee-related terminology varies across relevant stakeholders, in the scientific literature, and among com-
mittee members from different backgrounds. The committee adopted definitions for each relevant term, which are 
defined upon first usage and used consistently throughout most of the report; where terminology is not consistent, 
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the reasoning is discussed upon first usage. Appendix C contains a glossary of terms, and a list of acronyms is 
provided in the front matter of the report. 

The Committee on Levees and the National Flood Insurance Program: Improving Policies and Practices met 
five times during the 20-month study period. In its information-gathering activities, the committee spoke to a vari-
ety of federal, state, and local flood experts and practitioners. Numerous persons contributed to the development 
of this report (Appendix D). The following report is a result of this work and contains consensus advice from the 
committee to help FEMA in pursuing its responsibilities related to levees in the context of the NFIP. The report is 
also designed to be of use to FEMA contractors, government agencies at all levels, various other entities, academ-
ics, and the public in understanding and dealing with risks from flooding in levee-protected areas. 

The report is organized in eight chapters. Chapter 2 provides a history of and background information on the 
treatment of levees within the NFIP. Chapter 3 and 4 discuss the NFIP’s approach to risk analysis, both currently 
and the committee’s vision for the future. Chapter 5 explores the program’s current approach to setting flood 
insurance rates and provides advice for improving the approach in the context of the committee’s vision for risk 
analysis in the future. Flood risk management strategies, including mitigation measures, are explored in Chapter 
6. Communicating flood risk behind levees is explored in Chapter 7. Finally, the shared responsibility at the local, 
state, and federal levels in managing flood risk and implementing the NFIP is discussed in Chapter 8. The report’s 
conclusions and recommendations are highlighted in bold throughout the report. 
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Along with the establishment of the National Flood Insurance Program (NFIP), the passage of the National 
Flood Insurance Act of 1968 established a requirement for the U.S. Department of Housing and Urban Develop-
ment (HUD) to “identify and publish information with respect to all floodplain areas, including coastal areas 
located in the United States, which ha[ve] special flood hazards, within five years following August 1, 1968. . . 
.”1 This direction led to the establishment within HUD and subsequently within the Federal Emergency Manage-
ment Agency (FEMA) of programs to map flood-prone areas in communities wishing to participate in the NFIP. 

As the NFIP and mapping began, there was no established standard for what constituted a special flood hazard 
area, although the one and two percent annual chance floodplains had been identified as benchmark levels of 
flood control in some efforts of the U.S. Army Corps of Engineers (USACE) and the Tennessee Valley Author-
ity in connection with their floodplain management activities. In 1969, HUD asked the University of Chicago to 
convene a group of experts to recommend what might be a logical definition of the special flood hazard area. The 
group recommended that the one percent annual chance flood be considered as an initial standard for the NFIP. 
After some consideration within federal agencies, in 1971, HUD issued a rule establishing the one percent annual 
chance flood as the minimum standard for the regulation required by the NFIP, that is, the Special Flood Hazard 
Area (SFHA). 

The Federal Insurance Administration (FIA), which had been established as an element of HUD, began map-
ping the nation’s flood risk through contractors and federal agencies. Flood Hazard Boundary Maps (FHBMs), 
delineating the SFHA, and Flood Insurance Rate Maps (FIRMs), delineating the SFHA and risk premium zones, 
were established. Also, land was classified according to flood risk on FIRMs and FHBMs as high-, moderate-, or 
low-risk zones (Appendix E). The SFHA is considered high-risk, and this land is depicted as either Zone A or V 
(A, AE, A1-A30, AH, AO, AR, A99, V, VE, and V1-V30). Moderate- to low-risk areas, those outside the SFHA 
that are still subject to some level of flooding, are depicted as Zones B, C, or X. Those with undetermined flood 
risk can be classified as Zone D. 

The mapping entities encountered existing flood protection works that were considered to have reduced the 
flood threat to the communities located behind them. Because many of these structures, mostly levees, had, in the 
past, successfully passed what had been considered a one percent annual chance flood, both local communities 
and the contractors raised the issue of excluding areas with a one percent annual chance or greater structure from 

1  The National Flood Insurance Act of 1968, §1360, 42 U.S.C. §4101.

2

Treatment of Levees Within the National 
Flood Insurance Program
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the SFHA. Following 1973 congressional hearings that raised similar points, FIA concurred in this approach and 
authorized the removal of areas behind levees from the SFHA where the levees provided 100-year protection 
(Richard W. Krimm, personal communication, 2012; Box 2-1). It is not apparent that any regulations or rules were 
developed to formalize this practice.

Because the focus was on mapping the unprotected areas, little attention was given to the physical status of 
many of the levees. In many cases, there were no specific inspections or analyses of the levees. Their acceptance 
was based primarily on having been constructed by the federal government or having previously withstood a 
significant flood. In a 1974 amendment to the 1968 National Flood Insurance Act, the Congress affirmed the one 
percent annual chance flood as the minimum standard for the program. The amendment, known as the Brooks 
Amendment, was made a part of the Housing and Community Development Act of 19742 and also included provi-
sions for allowing certain structures to be accredited if work was under way to achieve recognition. 

While the one percent annual chance standard was being used in mapping areas subject to regulation under the 
Act, discussion continued between HUD and USACE over the appropriateness of the standard. In 1977, USACE 
indicated to HUD that setting the design of levees in urban areas at the one percent annual chance level could be 
imprudent because that is not a high degree of protection (IFMRC, 1994). At the same time, senior engineering offi-
cials within HUD recommended to FIA management that it strongly consider a federal policy that would recognize 
only levees designed to provide protection against the standard project flood (SPF)3 (Crompton, 1977). USACE 
recommended use of a larger design flood such as the SPF for new levees (Wilson, 1978). USACE headquarters 
also issued guidance to its field elements indicating “on the assumption that exceedance of the design flow would 
cause a catastrophe, the standard project flood (SPF) is the desirable minimum level of protection that should be 
recommended for high levees, high floodwalls and high velocity channels in urban areas” (Wilson, 1978).

In 1977, Executive Order 11988 was issued, requiring federal agencies to “avoid to the extent possible the 
long and short term adverse impacts associated with the occupancy and modification of floodplains and to avoid 
direct or indirect support of floodplain developments wherever there is a practicable alternative. . . .” It required 
each agency to “provide leadership and take action to reduce the risk of flood loss, to minimize the impacts of 
floods on human safety, health, and welfare, and to restore and preserve the natural and beneficial values served 
by floodplains in carrying out its responsibilities . . . .”

In 1979, responsibility for the NFIP was transferred from HUD to the newly established FEMA, and FIA 
became a part of FEMA. In 1980, the FIA administrator recommended to the FEMA director “consideration of 
a standard in excess of the 100-year flood, such as the Standard Project Flood, for local protection works to be 
recognized by FEMA.” The FIA administrator also noted that USACE had recommended this to FIA (Jimenez, 
1980). FIA’s concerns were focused on the following:

2  Public Law 93-383.
3  The SPF is a derived discharge estimate that represents a flood that can be expected from the combination of the most severe meteorologic 

and hydrologic conditions that are considered reasonably characteristic of a region (USACE, 1965). 

BOX 2-1 
“Without-Levee” Analysis

The practice of not recognizing nonaccredited levee systems on FIRMs, and recognizing areas behind 
these structures as part of the SFHA, is referred to in this report as FEMA’s “without-levee” analysis. An 
all-or-nothing approach, it either gives communities credit for a one percent annual chance levee system, 
exclusion from the SFHA, and exemption from the mandatory purchase requirement or it does not; that is, 
a levee that is not accredited is not depicted on the FIRM as having any flood reduction impact. A levee 
system that is not accredited is not considered in flood hazard analyses to determine the reduction of risk 
behind the levee system, even though some risk reduction at a level below that offered by an accredited 
levee system might be provided.
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•	 “It is estimated that levee overtopping or failure [was] involved in approximately 1/3rd of all flood disasters;
•	 “The 100-year flood is generally found to be a low design standard for structures protecting densely popu-

lated areas;
•	 “Only a fraction all earthen levees built at the computed hundred year flood elevation can be expected to 

provide protection to the true 1 percent elevation;4 
•	 “The degree of protection to be expected from a 100 year levee is less than that obtained by elevating 

individual buildings to hundred year flood elevation;
•	 “Crediting a levee with protection against the hundred year flood would remove essentially all NFIP flood-

plain management requirements;
•	 “Results of USACE nonfederal dam inspections suggest that a large percentage of private or locally built 

levees as well as dams are or can be expected to be poorly designed and maintained” (NRC, 1982).

FEMA was also concerned that “the use of a 100 year standard was encouraging construction of levees to the 100 
year design level for the sole purpose of removing an area from the special flood hazard designation” (Jimenez, 
1980). 

MOVING AHEAD WITH LEVEES IN THE NFIP

As FEMA worked to integrate levees into the NFIP, the White House, the Congress, and FEMA directed that 
several studies be conducted to provide insights into the role of levees in the NFIP. Recommendations from these 
studies are found in Appendix F, and summaries of the most relevant are found in subsequent paragraphs in this 
chapter.

The 1982 National Research Council Study

As a result of concerns within FEMA and USACE in the late 1970s, FEMA issued an interim levee policy 
in 1981 and asked the National Research Council (NRC) to examine the levee issue and recommend provisions 
for a “comprehensive levee policy for use in administering floodplain management, insurance, and risk map-
ping aspects of the National Flood Insurance Program” (NRC, 1982). In 1982, the NRC committee submitted 
its report to FEMA. The report contained recommendations covering engineering criteria for levee recognition, 
levee inspection and evaluation, requirements of levee owners, requirements of local communities, liability of 
local governments and levee districts, floodplain mapping approaches, and treatment of levees in the insurance 
aspects of the NFIP.

The NRC report concluded that because the basic objective of the NFIP was to mitigate flood damages and 
that the basic program prohibits construction below the 100-year level, FEMA should require construction of all 
new levees to at least the one percent annual chance flood. Existing levees that provided protection against 25-year 
or larger floods should be recognized for the purposes of reducing insurance rates. However, all levees that are 
given credit for reducing flood risks should meet standard minimum engineering criteria with respect to geometric 
parameters, freeboard,5 soils and foundation, interior drainage,6 closure devices, and rights-of-way. Recognizing 
the residual risk behind levees, the committee recommended that FEMA require, “purchase of flood insurance 
in all areas where the ground is lower than the unconfined 100 year flood level except where protected by levee 
built to contain the 500 year flood.” 

4  The accuracy of the one percent annual chance flood elevation on a FIRM is affected by a variety of uncertainties in mapping data, for ex-
ample, the choice of contour interval for terrain. Thus, the “true” one percent annual chance flood elevation is rarely, if ever, known (NRC, 2007). 

5  As defined in 44 CFR §59.1, freeboard is: “a factor of safety usually expressed in feet above a flood level for purposes of floodplain 
management. Freeboard tends to compensate for the many unknown factors that could contribute to flood heights greater than the height 
calculated for a selected size flood and floodway conditions, such as wave action, bridge openings, and the hydrological effect of urbanization 
of the watershed.”

6  The drainage that is required to evacuate rainwater from areas behind levees.
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The committee also recommended that each levee be individually evaluated, hydrologically and structurally, 
and that FEMA should inventory all levees previously credited as providing protection from the one percent annual 
chance flood, set priorities, and schedule communities for restudy to reevaluate the levees. 

As a follow-up to the NRC report and other internal actions, in 1983 FEMA initiated a system to maintain an 
inventory of levees, by community name, that were accredited as providing 100-year protection on NFIP maps. In 
1985, FEMA issued regulations prescribing the criteria for levee recognition by the NFIP but did not reevaluate 
existing levees, alter the required level of protection, or move on other nonengineering recommendations (Gal-
loway et al., 2006). The regulations were codified as Title 44, Section 65.10, of the Code of Federal Regulations 
(44 CFR §65.10; see Appendix A for the text of this section) and established that to be recognized as removing an 
area from floodplain regulation and mandatory purchase requirements in the NFIP, a levee must provide protection 
at the 100-year or higher level plus a specified level of freeboard; must meet engineering design standards similar 
to those used by the USACE; and must be properly maintained and operated under the control of a government 
entity. The regulations also require that a professional engineer certify the data submitted to support a given levee 
system’s compliance with the structural requirements set forth in the regulation and must submit certified as-built 
plans of the levee. Where appropriate, a federal agency with responsibility for levee design may certify that the 
levee has been adequately designed and constructed to provide protection against the base flood. No provisions 
were made to reduce the rates for those behind levees providing less than one percent annual chance flood protec-
tion or to conduct periodic inspections, and 44 CFR §65.10 has remained unchanged since 1985.

Interagency Floodplain Management Review Committee

From April to October of 1993, the Mississippi and Missouri rivers and their tributaries inundated the sur-
rounding floodplain, causing one of the costliest and most devastating floods in U.S. history. The flood of 1993 
brought new attention to the condition of levees both within and outside of the NFIP. In 1994, a White House–based 
committee studying the 1993 flood reported that activities in floodplains of the United States, even with levee 
protection, remain at risk, finding that during the Mississippi-Missouri river floods:

•	 Many locally constructed levees breached and/or overtopped. Frequently, these events resulted in considerable 
damage to the land behind the levees through scour and deposition [of material from the river channel and the levee 
itself]; 

•	 Levees can cause problems in some critical reaches by backing water up on other levees or lowlands; 
•	 The current flood damage reduction system in the upper Mississippi River Basin represents a loose aggregation 

of Federal, local, and individual levees and reservoirs; 
•	 Many levees are poorly sited and [as a result] will fail again in the future. (IFMRC, 1994) 

The White House study committee also indicated that the SPF flood should be the target flood for population 
centers and critical facilities protected by levees and that the government should require those behind levees who 
provide protection against less than the SPF discharge to purchase actuarially based insurance. It also found that 
federal agencies should ensure proper siting, construction, and maintenance of nonfederal levees. No action was 
taken by either Congress or the administration on these recommendations.

MAP MODERINIZATION AND LEVEE DECERTIFICATION

As a result of pressure from communities and professional organizations to improve the quality of flood map-
ping, the President proposed and the Congress, in 2003, authorized FEMA to undertake a 5-year billion-dollar 
program to modernize its maps by converting existing paper maps to a digital format and in the process, and 
where possible, provide new engineering analysis. As work began in 2004 on map modernization or “Map Mod,” 
FEMA representatives became concerned that many of the levees encountered in the mapping process might not, 
under review, meet the standards of 44 CFR §65.10 and, as a result formed a committee to examine the issue. In 
April 2005, a small internal Interim Levee Coordination Committee reported that treatment of levees in Map Mod 
across FEMA regions was inconsistent and that guidance should be issued immediately to ensure that appropriate 
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information about levees was obtained and considered in the map modernization process. It also recommended 
that a levee coordination committee be established to address this issue (FEMA, 2005). 

On August 22, 2005, a week before Hurricane Katrina (Box 2-2), FEMA issued Procedure Memorandum 
34, Interim Guidance for Studies Including Levees, which established that as Map Mod was implemented, cur-
rently credited levees should be checked against the 44 CFR §65.10 criteria (see Appendix G). When combined 
with a requirement to review “grandfathered” levees, this action sought to ensure that the accreditation status for 
all levees in the program was validated. The memorandum further indicated that when the levee owner was not 
able to produce data or was unable to otherwise substantiate that the levee met criteria, the area protected by the 
levee would be mapped as being in the floodplain and the requirements for mandatory purchase of insurance and 
regulation would go into effect when the revised map became effective.

In 2005, the Interagency Levee Policy Review Committee was established by FEMA to develop further guid-
ance on treatment of levees in the NFIP. Membership on the committee included representatives of 10 federal 
agencies.7 The committee reported in 2006 that: 

•	 Many levees shown on current NFIP maps as providing protection from the 100-year flood have never  
been evaluated against the criteria of 44 CFR 65.10 . . . . For levees that are found not to meet 44 CFR 65.10, 
the areas behind the levees will be identified as SFHAs. The impacts on the community of such an action will be 
significant.

•	 The protection afforded by many certified levees decays over time due to various factors, such as changed 
hydrology or channel characteristics, erosion or deterioration of the embankment due to rodents or tree growth, 
general lack of proper maintenance, subsidence, or partial levee failures. However, there is no mechanism in place 
to regularly verify continuing accreditation of levees against 44 CFR 65.10. . . .

•	 FEMA does not certify levees, but rather relies on certification provided by Federal agencies or State, local, or 
other parties seeking accreditation on NFIP maps. . . . Frequently, communities do not have the requisite resources 
or technical expertise to properly evaluate the levees against the 44 CFR 65.10 requirements and will have to hire 
engineering firms to do this work. . . . 

•	 As Procedure Memorandum 34 is implemented, many levees ultimately will not meet the criteria of 44 CFR 
65.10 and will have to be shown as “failed” on FIRMs. The performance of detailed levee failure analysis as required 
by . . . Guidelines and Specifications will be costly, particularly for countywide [digital flood insurance rate map 
(DFIRM)] conversion projects and in counties and communities with large numbers of levees. . . .

•	 The regulatory requirements of 44 CFR 65.10 lack adequate specificity for minimum operation and mainte-
nance standards. . . .

•	 Risks in areas behind certified levees are not adequately communicated to map users. . . . 
•	 Current requirements treat levees in a binary manner—either they meet 44 CFR 65.10 or they do not. There-

fore, residual risk is greatly under-represented, and differences in risk that may exist to those behind certified levees 
are disregarded. In addition, no distinction between graceful versus chaotic capacity exceedance exists in the way 
levees are mapped, and there is no identification of the most highly hazardous areas immediately behind/along levees 
in the event of levee failure. (ILPRC, 2009, pp. 22-23)

The Interagency Levee Policy Review Committee urged FEMA and, as appropriate, other federal agencies to 
take the following actions immediately:

•	 When communities are not immediately able to document whether currently certified levees can be recertified 
and the levees are not known to be at risk, FEMA should notify the communities of the need for a more detailed 
examination of the levees and provide a specific schedule for that activity. FEMA should require these communities 
to notify all people in areas behind the levees of the reexamination and identify for them the residual risks and the 
lack of information about the levees.

•	 FEMA should define, as a matter of policy, a new flood insurance zone (Zone XL) for areas behind levees that 
meet the requirements for inclusion in the NFIP. Zone XL would include those areas behind the levee that would be 
subject to inundation by the 100-year flood if there were no levee. The area between the 100-year and 500-year lines 
should be shown as a shaded Zone X.

7  Representatives from six nongovernmental organizations and four states observed committee meetings.
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BOX 2-2 
Hurricane Katrina

Hurricane Katrina was one of the deadliest and costliest hurricanes in U.S. history. Forming over the 
Bahamas, Katrina crossed Florida as a Category 1 storm and strengthened in the Gulf of Mexico. It made 
landfall in southeastern Louisiana on August 29, 2005, impacting Louisiana as well as Mississippi, Ala-
bama, Georgia, and the Florida panhandle to various degrees. The hurricane’s storm surge that pushed 
ashore from the Gulf of Mexico was over 29 feet, the highest ever recorded in the United States. In total, 
over 1,700 people were killed and hundreds of thousands were displaced (New York Times, 2012). 

The levee system protecting New Orleans, Louisiana, built by USACE and operated and maintained 
by the local levee districts, failed in the aftermath of Katrina, and a significant portion of the city and sur-
rounding areas were flooded (Figure 2-1). The NFIP experienced an unprecedented number of claims, 
212,235, in the 2005 calendar year and over $17 billion dollars in loss dollars paid.a The levee failure cast 
a spotlight on USACE, prompting litigation, congressional investigation, and a variety of investigations 
regarding the levee failure. 

The impacts of Katrina have been long-lasting economically, environmentally, and from the perspec-
tive of human and societal welfare of the city and surrounding area. Levee-related policy was reformed; 
for example, the National Levee Safety Program Act (2007), which directs USACE to carry out activities to 
enhance the safety of U.S. levees, was amended, and the USACE Levee Design Manual (USACE, 2000) 
was revised to incorporate risk-based concepts into levee design. 

FIGURE 2-1 Aerial photograph of flooding as a result of breached levees in New Orleans in the 
wake of Hurricane Katrina. 
aSee http://www.fema.gov/policy-claim-statistics-flood-insurance/policyclaim-statistics-flood- 
insurance/policy-claim-13-17.
SOURCE: Taken by Marty Bahamonde on August 29, 2005, available online at http://www.fema.
gov/photolibrary/photoCollectionView.do?id=81, accessed December 6, 2012. 
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•	 FEMA should initiate the revision of 44 CFR 65.10 and other appropriate FEMA guidance and specification 
documents, to address the technical changes recommended [in] this report.

•	 As a matter of policy, FEMA should require levee sponsors to conduct annual inspections of their levee 
systems; biennially submit to FEMA the results of the annual inspections, levee system operation and mainte-
nance records, and an assessment of the levee systems during any flood events that occurred within the reporting  
period; and every 10 years submit a report that recertifies the engineering and geotechnical conditions of the 
levee system.

•	 FEMA and USACE, recognizing the important State and local roles, should develop incentives and support 
mechanisms to ensure that State and local agencies effectively carry out their responsibilities with respect to levee 
operation and maintenance.

•	 FEMA should exclude embankments, such as roads and railroads, from the accreditation of new levee systems 
unless those embankments are engineered specifically to provide damage/risk reduction from flooding and meet the 
engineering criteria required of levees. (ILPRC, 2006, pp. 61-62)

The Interagency Levee Policy Review Committee, recognizing the need for additional study and regulation 
development, urged FEMA to initiate action on the following longer term recommendations:

•	 . . . [R]evise 44 CFR 65.10 to phase out, over the next 10 years, the freeboard‑based approach and to substitute 
the risk analysis methodology, with a 90-percent assurance of passing the 100-year flood, to determine the required 
levee heights. . . .

•	 . . . [T]ake immediate steps to examine the feasibility of not recognizing, for NFIP purposes, levees that pro-
tect highly urbanized areas unless they provide protection from events greater than 100-year floods (e.g., 500-year 
floods). 

•	 . . . [A]ddress the challenge of the residual risk to structures behind levees by seeking legislative change to 
require property owners to purchase some level of flood insurance for structures behind levees (in the new Zone XL).

•	 FEMA, working closely with other Federal agencies, States, and communities, should examine how best to 
deal with climate change, sea-level rise, linked levee systems, and future development as major drivers of future 
conditions [hydraulics and hydrology (H&H)], with a goal of determining a BFE based on possible, but not fully 
quantifiable, future conditions.

•	 FEMA, in coordination with other Federal agencies, States, and communities, should initiate studies to deter-
mine how levees could be identified under a scientifically based levee risk-classification system (e.g., high, medium, 
or low). This system would be based on factors that include the potential depth of flooding in the event of failure 
or overtopping; the type and density of development in protected areas behind the levee; steps taken to ensure that 
levee failure does not occur when the levee capacity is exceeded (overtopping); warning times; and the number and 
types of egress so that people who may be inundated may move out of harm’s way. This levee risk classification 
would be designated on the FIRM and published in the FIS report. (ILPRC, 2006, p. 62)

(For additional information regarding the advice of the Interagency Levee Policy Review Committee, see Appendix 
F.) In 2009, FEMA completed the initial Map Modernization Program, digitizing FIRMs covering areas containing 
92 percent of the U.S. population (NRC, 2009). 

Report of the National Committee on Levee Safety

Title IX of the 2007 Water Resources Development Act (Public Law 110-114), the National Levee Safety Act, 
directed the establishment of a federal, state/tribal, local/regional, and private-sector committee on levee safety to 
“develop recommendations for a national levee safety program, including a strategic plan for implementation of 
the program.” In January, 2009, the committee submitted its report to the Administration (NCLS, 2009). 

The report provided a framework for developing a long-term approach to levee safety management, recom-
mending establishment of a National Levee Safety Commission. It also recommended the development of a levee 
hazard potential classification system, tolerable risk guidelines,8 and national levee safety standards; peer review 

8  Tolerable risk guidelines “categorize the nature of risks in ways that can assist in assessing their acceptability or non-acceptability, and in 
prioritizing actions for reducing risks” (USACE, 2010). 
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of the FEMA levee certification process; development of a national levee risk communication campaign; estab-
lishment of a national levee rehabilitation, improvement, and flood mitigation fund; delegation of levee safety 
responsibilities to the states; and mandating purchase of risk-based flood insurance in leveed areas. Other recom-
mendations can be found in Appendix F.

LEVEE DEACCREDITATION

Issuance of Procedure Memorandum 34 (FEMA, 2005) and the potential of many levees under study at the time 
no longer being accredited caused a strong pushback from levee owners and affected communities. Recognizing 
the need to give those responsible for providing certification information the opportunity to gather that informa-
tion, in September 2006, FEMA issued Procedure Memorandum 43, Guidelines for Identifying for Provisionally 
Accredited Levees (PAL), which provided a 2-year period for affected levee owners to complete those actions 
necessary to retain their accreditation (Appendix G). The Memorandum, which was reissued the following March, 
provides more detailed guidelines that allow

mapping partners to issue preliminary and effective versions of DFIRMs while the levee owners or communities are 
compiling the full documentation required to show compliance with 44 CFR Section 65.10. . . . If the levee quali-
fies for the PAL designation, FEMA will provide the community 90 days to sign and return an agreement indicating 

that the full documentation for 44 CFR Section 65.10 will be provided within 24 months of the signed agreement.

The Memorandum also provided guidelines for levees whose maintenance was deficient, allowing time for these 
deficiencies to be remediated (FEMA, 2006).

In April 2009, FEMA issued Procedure Memorandum 53, Guidance for Notification and Mapping of Expir-
ing Provisionally Accredited Levee Designations (see Appendix G). This Memorandum provided instructions 
to FEMA field units concerning the steps that were to be taken if PAL-designated levees had not completed the 
required activity within the 24-month period. In these cases, the mapping partners were instructed to map the area 
as being within the SFHA or as “without levee,” thus removing areas previously exempted from compliance with 
mandatory insurance and regulatory actions from this status (FEMA, 2009).

Affected communities, faced with the potential movement of the previously exempt areas into the floodplain 
and the necessity to purchase flood insurance at rates that might be the same as those without any protection argued 
that some credit physically and fiscally should be given to the presence of the deficient levees in any analysis of 
without-levee conditions. In February 2011, 27 U.S. senators sent a letter to FEMA, urging the Administrator: 

“to use your current authorities to discontinue the Federal Emergency Management Agency’s (FEMA) use of “with-
out levees” analysis to determine new Flood Insurance Rate Maps (FIRMs) in cases where a final determination has 
not been made and an affected community objects to such analysis in favor of more precise methods of flood model-
ing . “Without levee” modeling methods assume that a levee or flood control structure that exists in physical reality 
does not exist for the purposes of modeling, reducing the precision or flood maps and eroding public confidence in 
the mapping process itself.” (U.S. Senate, 2011)

At the same time, 49 members of the U.S. House of Representatives sent a similar letter to Administrator Fugate.
In response, FEMA Administrator Fugate directed FEMA staff to replace the without-levee modeling approach 

with a suite of methodologies that would be technically sound, credible, and cost-effective, and would better meet 
the needs of citizens while providing more precise results that better reflect the impact of levees on flood risk. This 
procedure would not replace the need for levee owners or the associated communities to remain engaged in flood 
risk management activities or change the existing requirements for them to provide levee certification informa-
tion as outlined in 44 CFR §65.10 (Fugate, 2011a). The development and current status of this new approach, the 
Levee Analysis and Mapping Procedure, is discussed in Chapter 4.

In June 2011, testifying before the U.S. Senate Committee on Banking, Housing, and Urban Affairs, FEMA 
Administrator Fugate pointed out that
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while FEMA is committed to working closely with communities to develop the most accurate flood maps possible, 
the current “in or out” nature of the SFHAs (one is either in an SFHA or not) has left the program with a perceived 
credibility problem, as there is no gradation of risk identified within a flood zone. (Fugate, 2011b)

The Biggert-Waters Flood Insurance Reform and Modernization Act

The Biggert-Waters Flood Insurance Reform and Modernization Act of 2012 (heretofore known as the Biggert-
Waters Act) was signed into law on June 29, 2012, extending the NFIP until September 30, 2017.9 Reforms and 
modernization directives in the Biggert-Waters Act call for a variety of changes that apply to the NFIP, many of 
which are relevant to this report. These changes are discussed throughout the chapters, when relevant, and sum-
marized here. 

Section 100207 of the Biggert-Waters Act directs full, risk-based premiums or a “premium adjustment to 
reflect the current risk of flood” in area participating in the NFIP:

any property located in an area that is participating in the national flood insurance program shall have the risk pre-
mium rate charged for flood insurance on such property adjusted to accurately reflect the current risk of flood to 
such property, subject to any other provision of this Act. Any increase in the risk premium rate charged for flood 
insurance on any property that is covered by a flood insurance policy on the effective date of such an update that is 
a result of such updating shall be phased in over a 5-year period, at the rate of 20 percent for each year following 
such effective date. 

Related to this report, the FEMA administrator is also directed to contract with the National Academy of Sciences 
to study exploring methods for understanding graduated risk behind levees and the associated land development, 
insurance, and risk communication dimensions.10

The FEMA administrator is required to form a Technical Mapping Advisory Council to deal with map mod-
ernization issues.11 This includes recommendations on how to “ensure that flood insurance rate maps incorporate 
the best available climate science to assess flood risks” and that the impact of sea level rise is considered. The 
Biggert-Waters Act directs FEMA to review, update, and maintain NFIP rate maps with respect to

(i)	 all populated areas and areas of possible population growth located within the 100-year floodplain;
(ii)	 all populated areas and areas of possible population growth located within the 500-year floodplain; 
(iii)	 areas of residual risk, including areas that are protected by levees, dams, and other flood control structures;
(iv)	 areas that could be inundated as a result of the failure of a levee, dam, or other flood control structure; and
(v)	 the level of protection provided by flood control structures.12 

The Biggert-Waters Act also requires FEMA to use the most accurate topography and elevation data available 
and “any relevant information . . . relating to the best available science regarding future changes in sea levels, 
precipitation, and intensity of hurricanes” and coastal inundation, land subsidence and coastal erosion when updat-
ing maps.13 

Several requirements in the Biggert-Waters Act call for changes that adjust or study fiscal practices of the 
program. For example, the Act calls for phasing out both subsidies and grandfathering for some properties,14 
establishment of a reserve fund,15 requiring the FEMA administrator to develop a plan for repaying the debt 

9  Moving Ahead for Progress in the 21st Century Act, H.R. 4348, Title II, Subtitle A, Flood Insurance Reform and Modernization, 112th 
Cong. (2012). 

10  Section 100231. 
11  Section 100215.
12  Section 100216(b)(1)(A).
13  Section 100216(b)(3).
14  For example, subsidies for nonprimary residences, severe repetitive loss properties, and businesses. 
15  Section 100212.
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largely incurred by Hurricane Katrina,16 assess opportunities associated with privatization and reinsurance,17 and 
imposition of minimum deductibles.18

The Biggert-Waters Act directs the study of the impact, effectiveness, and feasibility of amending the NFIP 
to include building codes as part of floodplain management criteria developed under NFIP.19

The administrator is called to contract with the National Academy of Sciences to study full-risk–based pre-
miums and means-tested federal assistance in comparison with the current system of flood insurance rates and 
federally funded disaster relief:

shall conduct . . . an economic analysis of the costs and benefits to the Federal Government of a flood insurance 
program with full risk-based premiums, combined with means-tested Federal assistance to aid individuals who can-
not afford coverage, through an insurance voucher program. The analysis shall compare the costs of a program of 
risk-based rates and means-tested assistance to the current system of subsidized flood insurance rates and federally 
funded disaster relief for people without coverage.20 

With respect to levee communication, the Biggert-Waters Act directs the administrator to enhance communica-
tion efforts. This includes outreach to states and local communities about map changes and associated insurance 
rate changes and education of property owners about continued flood risk even when no longer subject to the 
mandatory purchase requirement.21 Interagency collaboration is also promoted. The Biggert-Waters Act directs 
the FEMA administrator and the secretary of the Army, acting through the chief of engineers, in cooperation with 
the National Committee on Levee Safety, to establish a Flood Protection Structure Accreditation Task Force to 
develop a process to better align the information and data collected by or for USACE’s Inspection of Completed 
Works (ICW) Program with the flood protection structure accreditation requirements so that information and data 
collected for either purpose can be used interchangeably and information and data collected by or for USACE 
under the ICW Program are sufficient to satisfy the FEMA flood protection structure accreditation requirements.22 

The Past and Present

Over the past 40 years, the treatment of levees within the NFIP has been a continuous topic of discussion and 
often, of controversy. Many studies have examined what should be done to ensure that when levees are brought 
into the NFIP, their presence does not increase the risk faced by those who are located behind them. For fiscal, 
administrative, and political reasons, few of the recommendations from these studies have been fully adopted. The 
chapters that follow examine once again many of these recommendations, and offer new recommendations in the 
interest of improving the NFIP and floodplain management in the United States. 
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Society has been attempting to deal with flooding for several millennia. Initially, those at risk of flooding 
moved out of the way of rising waters. If that became impractical, leaders would turn to methods that would 
control floods by keeping them away from the population through use of embankments, channels, and elevating 
structures. This emphasis on flood control began in the third millennia B.C. and continued through to the middle 
of the 20th century when it was recognized that structures alone could not overcome the flood challenges (Sayers 
et al., in press). In the mid-20th century, other tools such as floodproofing, building codes, land-use management, 
and early warning systems joined flood control structures in flood damage reduction efforts. However, as popula-
tion and development grew, flood losses continued to rise and the need for the establishment of priorities for the 
use of scarce resources became apparent (Figure 3-1). 

Following in the path of several centuries of experience in the insurance and financial industries, flood man-
agement professionals across the globe began to examine risk management methodologies that could be used to 
assess the flood hazards that had to be faced and the consequences that would result from flooding, and the relative 
significance of the risks that were identified. By the end of the 20th century, the concept of flood risk manage-
ment had been widely accepted in Europe and was beginning to take hold in the United States. This evolution of 
approaches to dealing with floods is described in Figure 3-2.

Flood risk is a function of the characteristics of the hazard, the exposure to the hazard, the vulnerability1 of 
that which is exposed, and the consequences that could occur should the hazard reach the exposed, and vulnerable 
elements of the potentially flooded area. Probabilities are a part of all elements of risk—the probability of the 
event taking place, the probability that the exposed area will be flooded, the probability that the flood mitigation 
systems in place will successfully reduce vulnerability, the probability that the people and property in the target 
area will remain in the area and be subject to flooding, and the probability that they have insurance, etc. Flood 
risk management represents comprehensive efforts, to continuously carry out analyses, assessments, and related 
mitigation implementation activities to reduce flood risk (FLOODsite, 2004; Sayers et al., 2012).

Movement to flood risk management requires that those responsible enter into an iterative process that seeks 
to identify the hazards faced by the community and assess the exposure, vulnerability, and potential consequences 
of these hazards should a flood event occur. Provided with this information, the community then develops and 

1  Vulnerability is “the potential for harm to the community and relates to physical assets (building design and strength), social capital (com-
munity structure, trust, and family networks), and political access (ability to get government help and affect policies and decisions). Vulner-
ability also refers to how sensitive a population may be to a hazard or to disruptions caused by the hazard” (NRC, 2012b).

3

Moving to Flood Risk Management and 
a Modern Flood Risk Analysis
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FIGURE 3-1 Estimated Total Flood Damages in the United States, 1934-2000, billions of dollars. Data adjusted to inflation 
by using the Construction Cost Index (CCI) from the McGraw-Hill Construction Engineering News-Record. To adjust each 
year’s number, the 2011 CCI was divided by the CCI of the year in question and then multiplied by the raw damage amount 
for that year.
SOURCE: NOAA (2012). 

FIGURE 3-2 The evolution of flood management practice through history. It can be anticipated that in the years ahead, ad-
vances in technology will provide capabilities that will permit more effective and efficient capabilities to identify and deal 
with risk. At the same time, increased communications capabilities will better prepare the population at large to understand 
and participate in the development and use of risk strategies. 
SOURCE: Sayers et al. (in press).

http://www.nap.edu/18309


Levees and the National Flood Insurance Program: Improving Policies and Practices

Copyright National Academy of Sciences. All rights reserved.

MOVING TO FLOOD RISK MANAGEMENT AND A MODERN FLOOD RISK ANALYSIS	 35

implements a strategy for coping with the risk. The strategy and implementation remain under continuous review, 
and when circumstances dictate, adjustments are made to the strategy. Risk communication is a continuous effort 
throughout the process (Figure 3-3). The effectiveness of the flood risk management process is linked to sound 
data and modern computational tools. 

A risk analysis is a detailed examination: 

performed to understand the nature of adverse consequences from a particular event to human life, property, or the 
environmental; an analytical process that provides information about or quantifies probabilities and consequences 
of an unwanted event. Oftentimes broad definitions of risk analysis include examination of risk communication, risk 
perception, and risk management alternatives. (NRC, 2010) 

A subset of a risk analysis, a flood risk analysis is an analytical process that provides information about or quanti-
fies probabilities and consequences of a flood event. A flood risk analysis is a subset of the broader risk-based 
approach to flood risk management described throughout this report (Figure 3-3). 

The use of risk-based methods to evaluate the performance of civil infrastructure systems such as nuclear 
power plants and dams (URS/JBA, 2008; ASME/ANS, 2009) and to serve as the basis for building codes (DOE, 
2002), evaluation of terror threats (NRC, 2010) is now well established. Similarly, in the context of the insurance 
industry, risk analysis methods are used routinely to conduct portfolio assessments (AIR, 2012; RMS, 2012). The 
advancement of risk analysis methods to evaluate major infrastructure systems and extensive portfolios parallels 
the improvement in technology; software, hardware, and key datasets (e.g., Lidar, building inventories). As a con-
sequence, software tools and hardware to support risk-based analyses have advanced to the point that evaluation 
of large portfolios has been performed (URS/JBA, 2008; IPET, 2009; AIR, 2012; RMS, 2012). 

FIGURE 3-3 The flood risk management cycle illustrates the multistep flood risk management process. 
SOURCE: Sayers et al. (in press), NRC (2012a), Moser et al. (n.d).
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The use of risk analysis methods to evaluate flood risks and specifically to consider the performance of levees 
has been ongoing and improving for over a decade (USACE, 1996; URS/JBA, 2008; IPET, 2009). In the 1990s, 
USACE developed a probabilistic approach and software tools to evaluate flood damages (USACE, 1996). This 
methodology was used as part of planning studies to evaluate flood loss reduction benefits. The National Research 
Council (NRC) reviewed the USACE flood loss reduction methodology and reported on its findings in 2000 (NRC, 
2000). The NRC found the USACE techniques a significant step forward and commended the agency for embrac-
ing risk analysis techniques. The NRC also noted that the USACE approach was technically sound, but aspects of 
the methodology as it related to the evaluation of uncertainties required improvement.

Following Hurricane Katrina, USACE established the Interagency Performance Evaluation Task Force (IPET) 
to determine the causes of levee and floodwall failures in New Orleans. Early work by the IPET, which involved 
over 300 professionals from government agencies, academe, and the private sector, used risk-based techniques in 
its analysis and the IPET recommended that USACE begin a move to risk-based approaches, to include geotech-
nical analyses in its work. Shortly thereafter, USACE announced that it would become a risk-based organization 
and that efforts would be made to accelerate the use of risk-based techniques not only in studies of future work 
but in analysis of existing structures (USACE, 2008). 

Title 44, Section 65.10, of the Code of Federal Regulations (44 CFR §65.10) refers to the “risk study” that is 
performed when a community is seeking recognition of a levee system. Although the regulation does not specifi-
cally spell out what is meant by a risk study, in practice, it is a flood hazard analysis. The flood hazard analysis 
currently used within the NFIP to assess flood risk establishes a legislated level of protection (the one percent 
annual chance flood), using standard hydrologic methods that compute the expected elevation of that flood at a 
given location and assumes that any flood protection structures at that location designed to pass the one percent 
annual chance flood will in fact do so. To account for uncertainty, structures are required to be built to the one 
percent annual chance flood elevation plus a specified number of feet of freeboard. 

To elaborate, under current NFIP policies a partial risk-based analysis is used with respect to performance of 
levee systems, where many parts of the analysis (e.g., the geotechnical component) are deterministic in fashion. 
A levee system is only recognized for its benefits if it is “accredited,” meaning that the levee system has been 
determined to meet minimum design, operation, and maintenance standards that are consistent with a level of 
protection associated with the ability to pass the one percent annual chance flood, as specified in section 65.10 
. In other words, the levee system is only considered if it performs perfectly up to standard; if not, it is ignored. 
Thus, if a levee system is accredited, its potential failure is included in the flood hazard analysis and it is simply 
considered as part of the river hydraulics. A levee system that does not meet accreditation standards is not consid-
ered in the analysis used to quantify flood risk, even though it provides some (potentially considerable) protection 
against flooding.

The current approach to flood risk analysis does not address certain components that are critical to a modern 
flood risk analysis. These include the uncertainties in the hydrology, the probabilities that a protection structure 
might fail at less than the design elevation, the consequences that will result from the actual flooding, and the 
probabilities of the success of actions such as, for example, evacuation of the elderly and disabled. Capturing these 
factors in the NFIP’s approach to flood risk analysis is the source for the committee’s advice that the program 
move to a modern risk-based analysis. 

To elaborate on these issues, communities construct levee systems to protect up to the one percent annual 
chance flood, enabling new development in areas with significant, but un-quantified exposure to catastrophic 
flood risk. Thus, protection against the one percent annual chance flood event is the de facto standard for most 
levees in the United States, with limited regard to residual risk—that is, the consequence of capacity exceedence.2 
Furthermore, levee systems that only marginally meet certification standards are vulnerable to decertification. If 
not properly maintained, the performance of levee systems degrades over time due to erosion, rodent damage, 
and subsidence. Further, the frequency and magnitude of flood hazards can increase over time due to natural and 
anthropogenic causes. 

2  The State of California recently legislated that levees protecting urban areas should provide protection against the 0.5 percent annual chance 
flood (200-year) (California Government Code § 65007(l)).
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Under current NFIP policies, lands behind accredited levee systems are not designated as being in a Special 
Flood Hazard Area (SFHA) and are not required to manage flood risk, even though the risk can be significant. 
Floods greater than the one percent annual chance flood can and do occur. Accredited levees can fail and have 
failed during smaller floods, causing catastrophic damage to structures and endangering residents. For example, 
in February 1986 the Linda-Olivehurst levee, a certified levee located on the Lower Yuba River in California, 
failed (Figure 3-4). Economic and life-safety risks associated with accredited levee systems are not accounted for 
in the current NFIP policy, which generally means that flood risks have not been effectively evaluated and, as a 
result, not effectively managed.

FIGURE 3-4 Images of the certified Linda-Olivehurst levee failure in 1986. The failure occurred after the flood had crested 
8.6 feet below the levee crest. (Top) The breach was 170 feet wide and (bottom) entire neighborhoods were flooded in the sur-
rounding community. The economic loss was $1.5 billion and lives were lost. 
SOURCE: Rogers (2012).
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The summation of these factors is that, under current FEMA policies and flood hazard analyses, the flood risk 
for many lands is not described completely, for a variety of reasons. This is not unknown to FEMA or relevant 
stakeholders including policy makers. In its 2006 report, the Interagency Levee Policy Review Committee rec-
ommended that within 5 years FEMA should, in the evaluation of levees, begin to use the risk-based hydrologic 
techniques being employed by USACE (ILPRC, 2006). In 2007, USACE, in coordination with FEMA, established 
the National Flood Risk Management Program, emphasizing the intention of the USACE to move to risk-based 
approaches to flood management. In 2009, with the creation of the Risk MAP program, FEMA identified risk-based 
analysis as a critical element in efforts to accurately identify the risk to those who occupy flood-prone areas.3 As 
indicated in Chapter 2, the Biggert-Waters Act placed emphasis on risk analysis in NFIP activities and directed 
the formation of the USACE-FEMA Flood Protection Structure Accreditation Task Force to better coordinate the 
data development of the two agencies in levee accreditation.4

ADVANTAGES OF A MODERN RISK-BASED APPROACH TO 
FLOOD RISK ANALYSIS AND INSURANCE

In this report, a modern flood risk analysis is defined as a risk analysis using the best available science and 
analytical methods to evaluate flood risk. This is more precisely defined as an analysis where the likelihood of 
adverse consequence (loss, personal injury) is quantitatively evaluated, taking into account

1.	 the likelihood of flood events occurring (the randomness of future events); 
2.	 the likelihood that the capacity of levee and other flood protection systems may be overwhelmed by the 

flood (be overtopped) or fail (the randomness of structure performance for given levels of loading), leading to 
flooding of protected areas; and, 

3.	 given flooding has occurred, an assessment of the consequences that occur.
Each element of the analysis is subject to uncertainty; neither the chance that different-size flood events can occur 
nor their magnitude can be estimated exactly—they are uncertain. These uncertainties and the related implications 
to the estimate of risk are quantitatively evaluated in a modern risk-based analysis. 

There are a number of clear and specific attributes of a flood risk analysis that are not inherent to the defini-
tion, but at the same time, define what it means to perform such an analysis. For instance, the analysis considers 
the occurrence and consequences for a full range5 of flood events that can occur, impact a community, and affect 
the assessment of insurance rates; it models and analyzes the hydrologic system, including levees and flood pro-
tection systems as systems, physically and logically integrated features that impact the outcome of future events; 
and it quantitatively evaluates the sources of uncertainty that affect the results and the estimation of future losses. 

The ILPRC (2006) and many others (Appendix F) recommend that the NFIP should move to implement a more 
complete approach to the risk analysis that is the cornerstone of its mapping and insurance program. The commit-
tee concurs with these recommendations. A modern risk analysis would take advantage of new computational and 
mapping capacity to produce state-of-the art risk estimates for all areas that are vulnerable to flooding hazards. 
The analysis would provide a foundation for the NFIP to directly evaluate flood hazards and the performance of 
levee and other flood control systems and assess the consequences of flooding using sound engineering assessment 
and scientific and probabilistic methods. Specifically, the modern risk analysis would

3  Although Risk MAP is focused on new and better analysis to support existing criteria and methodologies of the NFIP, this focus does not 
prevent the program from considering risk in the broader sense. The committee considers this program an important step in FEMA’s attempt 
to move toward risk-based analysis. 

4  Section 100221, Interagency Coordination Study.
5  The term “full range” is used in general terms to reflect that the likelihood of small as well as large flood events are considered in the 

analysis, not just a single event. The range that is considered should be broad enough to include the frequency and consequences of events 
that are meaningful to floodplain management and determination of insurance rates.
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•	 provide direct engineering- and reliability-based assessment of the performance of flood protection systems 
in the evaluation of flood hazards in protected and unprotected areas;6

•	 account for the performance of risk reduction that is attributable to nonstructural measures; 
•	 provide a means to establish an insurance program that is based on a continuum of flood risks as opposed 

to the current approach that is partially deterministic; 
•	 offer a clear and informed basis for risk communication; 
•	 provide a reliability-based means for the assessment of levees and flood protection systems and their 

integrity; 
•	 improve the long-term stability of flood hazard and risk estimates that are a basis for insurance pricing, 

presuming that uncertainty and changing conditions are accounted for properly throughout the analyses; 
•	 require that levees and appurtenant structures and subsystems be evaluated and modeled as part of flood 

protection “systems” whose reliability has a significant impact on the flood risks that communities face;
•	 afford the opportunity for communities and others to understand their flood risks at the community level 

and to assess the economic benefit of alternative floodplain management options; and
•	 provide risk information at a community as well as an individual property scale, which would offer the 

opportunity for communities to more clearly understand the value of community participation in the NFIP.

Such an analysis would provide an in-depth technical evaluation of flood hazards and directly account for 
the performance of levee flood protection systems, whether accredited within the NFIP or located within an NFIP 
community (i.e., levee systems that protect against the one percent annual chance flood or not). It would account 
for all elements of the flood protection system (levees, gates, other structures, etc.) that significantly affect flood 
risk, as long as they meet minimum design, operation, and maintenance standards. Hence credit could be given 
when establishing flood insurance rates for flood protection systems that do not protect to the one percent annual 
chance standard (or any new standard), but at the same time provide some level of protection. Risk analysis results 
would also differentiate between protection provided by levees that protect to the one percent annual chance flood 
and higher, for example, 0.2 percent levees. It would be able to recognize the difference in risk between low areas 
behind levees and higher ground.

In addition to the foregoing, a risk-based analysis offers other advantages. A modern risk-based analysis will 
account for the uncertainties that affect the quantitative representation of the flood hazard and the estimated per-
formance of flood protection systems. The current analysis for flood risk estimation neglects significant sources 
of uncertainty in the hydrologic and hydraulic modeling and it does not account for any aspect concerning the 
performance of flood protection systems other than the binary aspect (meets or fails to meet criteria). And it does 
not account for uncertainties in the consequences of flooding. The proposed modern flood risk analysis directly 
accounts for these uncertainties, building on techniques that have been developed and applied in the evaluation of 
risks associated with other natural phenomena (e.g., earthquakes) and that have been used in the flood and levee 
areas (USACE, 2006; URS/JBA, 2008; IPET, 2009). 

In a broader context, utilizing a modern risk analysis will provide a sound foundation for transitioning to risk-
informed floodplain management. For example, it will provide flood hazard and risk information (at the individual 
property and at the community level) to communities in areas protected by levees and will identify their risk. The 
present system has implied to communities that live behind accredited levees that they are “safe.” This implica-
tion and the lack of specific risk information can be addressed with risk analysis products that are designed, with 
the support of risk communication experts, to better inform communities and decision makers about flood risks. 
Also, a modern risk analysis would provide guidance to the communities for development of new strategies that 
would encourage wise floodplain management. 

In addition to advancing the technical basis for flood risk analysis, the approach described here is, in 
many ways consistent with the methods being developed and implemented by USACE (Box 3-1). However, 

6  The terms “reliability” and “performance” are used differently across the flood risk community. For the purposes of this report, the geo-
technical behavior of levees is referred to as performance. Reliability is used to refer to the likelihood under a given condition that the levee 
or levee system will perform in a way for which it was designed (IPET, 2009). 
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BOX 3-1 
USACE Risk-Related Guidance

USACE began to develop an approach to using modern risk concepts in the evaluation of flood man-
agement projects in the early 1990s. In 1996, the agency published its first formal guidance document on 
risk, Risk-Based Analysis for Flood Damage Reduction Studies (USACE, 1996). This manual describes 
how the risk concepts would be used in USACE flood damage reduction studies in the conduct of hy-
drologic, hydraulic, geotechnical, and other analyses. The manual became the standard for conduct of 
hydrologic and hydraulic analyses for planning studies but was not adopted by the geotechnical and other 
communities within USACE. In 2000, USACE issued Design and Construction of Levees to promulgate 
the basic principles that should be used in design and construction of levees (USACE, 2000). That manual 
noted the use of a risk-based approach and hydrologic and hydraulic design, but indicated that geotechnical 
would continue to use a deterministic methodology. 

In 2006, in the wake of Hurricane Katrina, USACE issued Risk Analysis for Flood Damage Reduction 
Studies, to update the 1996 manual on risk-based analysis, noting that

The ultimate goal is a comprehensive approach in which the values of all key variables, parameters, 
and components of flood damage reduction studies are subject to probabilistic analysis. Not all variables 
are critical to project justification in every instance. In progressing toward the ultimate goal, the risk analysis 
and study effort should concentrate on the uncertainties of the variables having a significant impact on study 
conclusions. (USACE, 2006).

Structural and geotechnical analyses were to be included in overall risk-based analyses. 
In 2006, in the wake of levee failures during Hurricane Katrina, USACE directed the conduct of an 

evaluation of the performance of the New Orleans hurricane protection system. The results of this evalu-
ation, which was carried out by the Interagency Performance Evaluation Task Force, highlighted the need 
for the use of modern risk analyses in the design and construction of levees and related flood damage 
reduction structures. This evaluation led to the establishment of the USACE Levee Safety Program with 
the mission “to assess the integrity and viability of levees and recommend courses of action to make 
sure that levee systems do not present unacceptable risks to the public, property, and environment.” In 
response to congressional and administration direction, it also initiated a levee inventory project that has 
been transformed into the National Levee Database (NLD) (see Chapter 6). 

Faced with the need to evaluate many levees that were part of both the USACE and NFIP programs, 
in 2010, USACE issued the USACE Process for the National Flood Insurance Program (NFIP) Levee 
System Evaluation. This document provided guidance to field activities on the evaluation of NFIP levees 
to determine if USACE would certify that the levees met the standards of 44 CFR §65.10. The document 
indicated that it was “USACE policy to apply a probability and uncertainty analysis framework to NFIP levee 
system evaluations.” It noted however that, “Probability of exceedance and uncertainty-based methodolo-
gies are under development and emerging for structural and geotechnical engineering elements but are 
not yet sufficiently mature for direct application in NFIP levee system” (USACE, 2010).

In 2008, USACE established a Risk Management Center to develop policies, methods, tools and 
systems to enhance its risk management activities overall, including as this applied to levees and dams. 
As part of its tool and policy development activity, the Risk Management Center is developing processes 
by which levee safety can be analyzed in the field and levee safety classifications determined for use in 
levee management. 

USACE is currently using risk analysis in its programs and continues to develop, along multiple paths, 
its approach to use of these concepts in levee planning, design, and evaluation. No single approach has 
been promulgated, but all are founded on the use of risk-based methodologies. Although USACE’s goal 
is to ultimately develop an integrated approach to risk analysis across its flood risk reduction portfolio, the 
agency has not yet issued fully coordinated policy guidance and technical instructions that would define 
the approach and how it will be implemented.
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some differences may exist in the USACE approach and the analysis proposed here (e.g., in the evaluation of 
uncertainties). Yet, by adopting a risk-based approach, the NFIP and USACE can develop a common techni-
cal basis for evaluating flood protection systems and defining their future working relationship as it relates to 
levees in the NFIP. 

Thus, the proposal to adopt a modern risk analysis is considerably more than implementing a different techni-
cal approach to the determination of insurance rates, but rather a program-wide adoption of and engagement in 
risk-informed management principles and practices. As such, the implementation of risk analysis methods will be 
an integrated program activity that extends beyond the NFIP actuaries and risk analysts.

SUMMARY DESCRIPTION OF A MODERN RISK-BASED APPROACH

The elements of a modern, flood risk analysis are schematically illustrated in Figure 3-5. The elements of the 
analysis are summarized here and more fully described in Appendix H. They include:

•	 Flood Hazard Analysis. The hazard analysis estimates the frequency of occurrence and the magnitude 
of flooding (flood elevations, flow velocities, forces) that may impact a region. A key component of the hazard 
analysis is an assessment of the sources of epistemic uncertainty and the effect that these uncertainties have on 
the estimate of the frequency of occurrence and the magnitude of future flood events.

•	 Levee and Other Hydraulic Structure and Component Fragility Analysis. The purpose of the fragility 
analysis for structures and components that make up a flood protection system is to estimate their performance as 
a function of the flood levels (elevations, forces, etc.) that may occur. The elements of the flood protection system 
may include structures (levees, floodwalls, gates, etc.), mechanical or electrical components (pumps, emergency 
power systems, etc.) and operators (personnel responsible for gate closures, pump system operation, etc.). The 
hazard level that causes failure of a structure or component is not exactly known; therefore, the conditional prob-

FIGURE 3-5 Elements of the modern flood risk analysis. 
SOURCE: Modified from IPET (2009). 
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ability of failure or damage (the fragility) is uncertain. A fragility curve shows the variation of the conditional 
probability of structure or component failure, given a level of flooding. At low levels of flooding, the conditional 
probability is zero. As flood levels increase, the conditional probability of failure increases, until a point is reached 
where failure is certain. There are a number of uncertainties in estimating the fragility of a structure or component, 
thus making the assessment of conditional probability of failure uncertain. 

•	 Systems Analysis. The potential for flooding in a region, and in particular, protected areas, depends on 
the performance (response) of the natural and man-made system during a flood event. This includes all features 
that affect flooding along the river system, for example, the hydrologic impact of upstream structures and non-
structural measures. A system model defines the relationship between the hazard and the combination of events 
(levee performance including failure, nonfailure, and overtopping) that can lead to different flooding outcomes. 
A system model describes the relationships between different elements of the flood protection system and their 
performance and the interaction with the flood event itself and the likelihood that protected areas may experience 
flooding. These relationships may be physical/causal, functional (systems operations), or probabilistic (correlation 
of different factors).

•	 Inundation Analysis Including Levee Breach and Inundation. For a flood event that is modeled, the inunda-
tion that may occur in a region is a function of the flooding level, the performance of the structures and components 
that provide protection to a region, the interrelationship of structures and their performance, and the hydraulic 
assessment of inundation that may occur. In the event of levee or floodwall failures, an assessment of the breach-
ing that may occur is considered. This includes the size and timing of the breach, as well as its location. When a 
breach occurs, properties that are located in the resulting inundation are likely to experience greater damage than 
if the same area had been flooded in a without-levee situation. There are a number of reasons for this. First, if 
there are structures in the area adjacent to the breach, these structures will be impacted by high-velocity flows. 
In addition, these structures may be completely destroyed as a result of the scour that takes place as the breach 
forms. Similarly, structures located beyond the scour zone will also experience high-velocity flows that otherwise 
might not have occurred in a without-levee case.

•	 Consequence Assessment. The purpose of the consequence assessment is to estimate the damage to struc-
tures that are inundated in a flood event. At this time, the routine consequence analysis estimates direct damages 
to structures. Indirect losses and such aspects as loss of life and social cultural impacts are in the earlier stages 
of evolution (IPET, 2009). The assessment of damage is often based on models derived from empirical loss data. 
However, as part of the consequence analysis, it is important to consider the range and type of damages that may 
occur for events where there are limited loss data. For instance, if a levee breaches, structures in the flooded area 
will be inundated to a certain level. Some structures may experience greater damage if they are located close to 
the breach scour zone.

•	 Risk and Uncertainty Quantification. This part of the risk analysis probabilistically combines the elements 
of the analysis and calculates the frequency of occurrence of flood events and the consequences (damage to struc-
tures). As part of the quantification, the epistemic uncertainties, discussed below, are also propagated through the 
analysis to estimate the uncertainty in the risk results.

A MODERN RISK-BASED ANALYSIS: THE FOUNDATIONAL BASIS 

As a starting point for the development of an NFIP flood risk analysis, a conceptual framework for a flood 
risk analysis can be defined as

	 R = f(H,V,C)	 (3-1)

where risk (R) is a function of 

H = flood hazard, 
V = vulnerability, and
C = consequence (e.g., economic impact, public safety). 
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This basic conceptualization of flood risk analysis has been adopted by the Department of Homeland Security and 
is consistent with Box 1-3 (NRC, 2010). In this context, risk is a function of the flood hazard to which a com-
munity is exposed, the vulnerability of flood protection systems, and the consequences associated with flooding 
and system failures and the damage to a community, including economic impact and life safety. Implicit in this 
conceptual framework is the probability that consequences may occur. 

This conceptual framework is extended to the assessment of the probability (also expressed as a frequency of 
occurrence) of adverse consequences that could occur as a result of a flood hazard. In other words, this extension 
incorporates the concept of uncertainty into the framework by an expanded, quantitative definition of risk (Kaplan 
and Garrick, 1981; ASME/ANS, 2009; IPET 2009):

	 R = f(H,V,C,ν,r)	 (3-2)

where
ν = frequency of occurrence or exceedance and is a measure of the aleatory uncertainty (the randomness of 

events), 
r = probability as a measure of the confidence to which an estimate of ν is the true value, or the epistemic 

uncertainty in the estimate of ν.

Equation 3-2 is consistent with the definition adopted for the entire report in the sense that the estimate of risk 
takes into account the occurrence of the flood hazard, the exposure and vulnerabilities of people and property 
to the hazard, the consequences caused by the hazard, and the uncertainty about all these parameters. But most 
importantly, it establishes the quantitative representation of risk. 

As mathematically depicted above, a flood risk analysis is an evaluation that is made on the basis of available 
information, in which all aspects of the analysis are subject to uncertainties: the flood hazard analysis, the assess-
ment of levee system performance, the assessment of flooding/inundation, and the estimate of consequences. In 
its recent review of the DHS approach to risk analysis, the National Research Council (NRC, 2010) noted that the 
evaluation of uncertainties is integral to a risk analysis. In building a risk analysis capability and risk-informed 
culture within the NFIP, how uncertainty is defined and incorporated is critical. Experience in other fields sug-
gests that there is considerable benefit to defining these fundamentals so that they become a core element of the 
methods and tools that are developed (SSHAC, 1997; USNRC, 2011). 

There are different types of uncertainty to consider in a flood risk analysis. The first type is attributed to the 
inherent randomness of events in nature—aleatory uncertainty—and is, in principle, irreducible. Examples of this 
type of uncertainty are the outcome of a roll of the dice, the occurrence (the time and place) and magnitude of a 
flood event, the spatial variation of levee properties, and the performance of a levee during a flood. In the context 
of engineering or statistical models, aleatory uncertainty can also correspond to unique (often small-scale) details 
that are not explained by a “model.” For a given model, one cannot reduce the aleatory uncertainty by collection 
of additional information. One may be able, however, to better quantify the aleatory uncertainty by using addi-
tional data. 

The second type of uncertainty is attributed to lack of understanding (e.g., knowledge) about physical pro-
cesses or a system that must be modeled. This source of uncertainty is referred to as epistemic (knowledge-based) 
uncertainty. There are a number of sources of epistemic uncertainty, including limited data to estimate model 
parameters, incomplete understanding of physical processes or systems, the limited ability of models (engineer-
ing or statistical) to predict events or outcomes of interest (modeling uncertainty), and the potential that multiple, 
alternative, technically defensible models or modeling approaches exist that give different results that affect the 
final assessment of risk. In principle, epistemic uncertainties can be reduced with improved knowledge and/or the 
collection of additional information. 

The process of identifying and evaluating sources of epistemic uncertainties can vary, depending on the 
subject, the state of scientific or engineering understanding, observational and modeling experience, etc. For 
example, in a field or topical area where considerable observational experience exists and statistical models are 
used to develop predictive tools, the analysis of epistemic uncertainties may be an integral and in-depth part of 
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the state-of-practice. In other fields, direct observational evidence may be limited and predictive models are based 
on theoretical understanding (i.e., analytical models), estimates of the model parameters, the analysts’ experience, 
comparisons of model predictions with observations, etc. In areas where direct observation of events/parameters 
of interest is limited, competing models and/or scientific interpretations may exist, it is often necessary to elicit 
input from experts to evaluate and quantify epistemic uncertainties (Morgan and Henrion, 1990; SSHAC, 1997; 
USNRC, 2011). 

One result from a flood risk analysis is the likelihood that a levee system will fail or a measure of the ran-
domness of the flood hazard and the future performance of the levee system, that is, aleatory uncertainty (Figure 
3-6, top). There is also epistemic uncertainty about the true value of the levee system failure, denoted as nLevee 
System Failure (n in equation 3-2). As a result, there is a distribution of the estimate (Figure 3-6, bottom), which 
is an appropriate description of the true value of likelihood that the levee system would fail. This distribution can 
be viewed as a means to estimate confidence intervals on the estimate of the frequency of levee system failure.

With respect to levees, the current NFIP approach addresses epistemic uncertainty in the assessment of the 
frequency of flooding, that is, the flood hazard analysis, through requirements for levee freeboard. However, the 

FIGURE 3-6 Estimate of the frequency of levee system failure as a single or best estimate, aleatory uncertainty (top), and an 
estimate that includes the quantification of both the aleatory and epistemic uncertainty (bottom) of one result from a flood risk 
analysis; the frequency of occurrence per year that a levee system would fail. The bottom figure can be used to make confidence 
statements about the estimate of the frequency of levee failure.

http://www.nap.edu/18309


Levees and the National Flood Insurance Program: Improving Policies and Practices

Copyright National Academy of Sciences. All rights reserved.

MOVING TO FLOOD RISK MANAGEMENT AND A MODERN FLOOD RISK ANALYSIS	 45

requirement for levee freeboard has been an ad hoc way of recognizing there are epistemic uncertainty in the assess-
ment of the flood hazard (the one percent flood level). In other words, adding freeboard only implicitly accounts 
for uncertainty in a manner that does not make best use of the information and technology currently available that 
takes a “one size fits all” approach.7 Thus, in some communities, more freeboard is needed and in others, less 
freeboard may be required. A more thorough assessment of the uncertainties in the flood hazard assessment and 
in levee performance would derive a situation-specific estimate of necessary freeboard. 

An NFIP flood hazard analysis estimates future flood damages to insured properties for rate-setting purposes 
by taking into account the frequency of flooding, the performance of a levee system (in a binary fashion), and the 
damages that might occur to insured residences. The result of the analysis will be a distribution on the economic 
consequences, or the probability of certain values of loss (Figure 3-7, top). The result can be used to estimate 
expected annual flood losses, which is a measure of the flood risks that is used to determine flood insurance rates. 

However, because of epistemic uncertainties in each of the elements of the risk analysis—in the NFIP flood 
hazard analysis, the evaluation of levee system performance, and the assessment of consequences—there is epis-
temic uncertainty in the distribution of economic consequences. A more modern flood risk analysis captures how 
epistemic uncertainty manifests in the estimate of the expected losses (Figure 3-7, bottom). This allows consider-
ation of a range of values related to the confidence of a certain dollar loss (rather than a dollar value, Figure 3-7, 
top), which can be explicitly considered in the determination of insurance rates. 

A Modern Risk Analysis: The IPET Risk and Reliability Analysis

As part of the IPET study commissioned by USACE, a risk analysis was performed that included both the 
aleatory and epistemic uncertainties in the hurricane analysis (i.e., storm surge and wave height analysis) and the 
levee fragility analysis (IPET, 2009). The IPET analysis is a recent, cutting-edge example of a risk-based approach 
to flood analysis utilizing the two different types of uncertainty; thus it is used as an example to further illustrate 
a modern risk analysis.

The concepts of aleatory and epistemic uncertainty are not always intuitive and thus can be difficult to visual-
ize. In the IPET example, aleatory uncertainty is characterized in terms of a single, best estimate of hurricane storm 
surge, which is expressed in terms of the annual frequency of exceedance of peak surge elevations (Figure 3-8A, 
top). Similarly, in the levee fragility analysis, the aleatory uncertainty in levee performance is quantified in terms 
of the estimate of the conditional probability of levee failure as a function of this peak elevation (Figure 3-8A, 
middle). The results of the hurricane and levee fragility analyses can be combined to determine a point estimate 
of the annual frequency of levee system failure (Figure 3-8A, bottom). This part of the IPET analysis is consistent 
with the current NFIP flood hazard analysis. 

The sources of epistemic uncertainty in the IPET example were based on the knowledge available in assess-
ing the occurrence of hurricanes and sources of uncertainty in the hurricane modeling. There were a number of 
sources of epistemic uncertainty that were considered in the IPET hurricane analysis:

•	 uncertainty in the storm surge model ability to predict the storm surge and wave height;
•	 limits in available data including the estimated annual frequency of occurrence of hurricane events in the 

Gulf of Mexico, the frequency of hurricane central pressure deficits, and accuracy of bathymetry and near-shore 
and onshore hydraulic properties; and 

•	 limits in knowledge of atmospheric processes, specifically the hurricane central pressure deficit and the 
radius to maximum winds. 

The estimate of levee fragility in the IPET analysis evaluated two primary failure modes: stability failure of 

7  In section 65.10, the minimum standard for freeboard in NFIP communities is described: “(1) Freeboard. (i) Riverine levees must provide 
a minimum freeboard of three feet above the water-surface level of the base flood. An additional one foot above the minimum is required 
within 100 feet in either side of structures (such as bridges) riverward of the levee or wherever the flow is constricted. An additional one-half 
foot above the minimum at the upstream end of the levee, tapering to not less than the minimum at the downstream end of the levee, is also 
required.”
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FIGURE 3-7 (Top) F/N curve illustrating the estimate of the frequency distribution on economic consequences without epis-
temic uncertainty . This shows the frequency that the annual maximum damage exceeds a specific value; this curve is the un-
derpinning of the NFIP Hazus Multi Hazard (Hazus-MH) calculation of Average Annualized Losses due to flooding. (Bottom) 
Estimate of economic consequences that includes the quantification of the epistemic uncertainty. 
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FIGURE 3-8 IPET description of the flood hazard (top); performance of the levee, that is, levee fragility curve (middle); and 
potential for flooding (bottom). Incorporation of aleatory uncertainty only is shown on the left. Both aleatory and epistemic 
uncertainty are shown on the right, giving a more complete estimate of the likelihood of inundation. 
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the levee embankment (for flood levels below the levee crest) and failure due to overtopping. The assessment of 
the fragility for these failure modes is subject to epistemic uncertainties; that is, an estimate of the conditional 
probability of failure given a peak storm surge and wave height elevation cannot be estimated exactly (Figure 
3-8B, middle). For instance, epistemic uncertainties that affect the levee stability analysis include: 

•	 uncertainty in the geotechnical stability model (model uncertainty), 
•	 limits in available data including the estimate of soil properties and overtopping resistance of levees, 
•	 limits in the knowledge of the levee feature.8

Given the epistemic uncertainty in the estimate of the frequency of hurricane surge and wave heights and 
in the estimate of levee fragility, there is a corresponding uncertainty in the IPET estimate of the frequency of 
level system failure. That is, rather than making a single point estimate of the frequency of failure, a distribution 
of estimates is made that quantitatively reflects the epistemic uncertainty in both the hurricane hazard and in the 
levee system fragility analyses. This distribution of levee failure frequency estimates is shown in Figure 3-8B, 
bottom, as a probability density function on the estimate of the frequency of levee system failure. From this result, 
the mean frequency of failure can be determined. In addition, the analyst can make “confidence” statements about 
the uncertainty in the levee system frequency failure.

RISK ANALYSIS RESULTS, PRODUCTS, AND USES

The NFIP is a unique government program that has a specific mandate and, at the same time, provides informa-
tion to a wide range of users, establishes a standard of practice for flood hazard analysis, and floodplain mapping, 
and, by default, establishes what has been seen as a public safety standard for communities behind levees. The 
implementation of a more modern risk analysis as a part of the NFIP, as proposed and described earlier in this report, 
yields enhanced information about flood hazards, performance of flood protection measures, and consequences. 
With that information, FEMA can further support efforts to reduce flood losses in the United States (see Figure 3-9). 

Table 3-1 shows a sample of the risk analysis products, uses, and users. Although uses are limited to FEMA’s 
main missions (risk communication, insurance, and mitigation; column 3), this information is useful to the public 
or to public agencies meeting other objectives. For example, a local or state agency seeking to reduce flood risk 
could use information on levee performance to make investment decisions for strengthening levees or implement-
ing a property buy-out program in areas of greatest potential damage.

STEPS TO DEVELOPMENT AND IMPLEMENTATION OF A RISK-BASED APPROACH

Realigning the NFIP to undertake a modern risk analysis, use products of such an analysis, and account for 
uncertainty in the inputs is a shift from “business as usual.” Current NFIP analyses focus on hazard—primarily 
on the 1 percent and 0.2 percent annual chance exceedance events. Current analyses limit consideration of con-
sequence of flooding to insurance rate setting, without geographic specificity that is possible as proposed here. 
Levee performance is considered in current practice in a standards-based manner, with accredited levees consid-
ered as surely protecting against inundation and unaccredited levees as surely not protecting. What is proposed 
herein expands the risk assessment to consider explicitly the entire range of flood events, integrates the hazard 
assessment with economic consequence estimation throughout the analysis and decision making, and accounts 
in a more robust manner for levee performance throughout the range of hazards. The NFIP should move to a 
modern risk analysis that makes use of modern methods and computational mapping capacity to produce 
state-of-the-art risk estimates for all areas that are vulnerable to flooding. 

The analysis of flood risks is multidisciplinary (hydrologists, geotechnical and structural engineers, operations 
personnel, etc.). As procedures for the implementation of a modern NFIP risk analysis are developed, these pro-

8  Estimate of the correlation length of levee properties. Correlation length refers to the length along a levee over which properties of the 
levee are estimated to be homogeneous and therefore its performance during the hurricane will be uniform.
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cedures need to clearly define the responsibilities of the professionals involved in the study, the interdisciplinary 
coordination that is required, the evaluations they are expected to perform, and the results they need to generate. 
This report does not address these issues specifically, but does discuss steps toward the development and imple-
mentation of a risk-based program. 

Implementing a Risk-Based Approach

The following tasks are necessary in order for FEMA to implement a modern risk-based approach successfully: 

1.	 Develop, test, and deploy—with the same care and rigor with which standard procedures for hydrologic 
and hydraulic analysis and mapping have been developed, tested, and deployed—a procedure for the complete 
risk analysis. This procedure should be consistent in concept with that described in the Summary Description of 
the Risk-Based Approach section of this chapter, including all components shown. This includes algorithms and 
computational methods that consider the likely users of the risk analysis procedures.

2.	 Develop, test, and deploy a consistent procedure for assessing levee systems (rather than individual levee 
segments) and for describing levee performance with a fragility curve.

3.	 Design, develop, test, and deploy a software application that can be used for FEMA’s risk analysis by 
agency staff, affected public agency staff, and contractors. This application may incorporate features of FEMA’s 
Hazus application—particularly the consequence assessment features and databases.

4.	 Emphasize and expand FEMA’s program of collecting and analyzing flood damage data, including insur-

FIGURE 3-9 With results of risk analysis as proposed, annual exceedence probability for individual elements of floodplains 
can be mapped, shading those elements with probability > regulatory threshold. Darker elements have a greater probability of 
inundation; lighter elements have less. The A transect illustrates a cross section of the channel at which the flow moves from 
the channel onto the floodplain. This illustrates the shading with a fixed-grid two-dimensional floodplain flow model, coupled 
with a one-dimensional channel flood model. Thus, the probability of inundation for any location in the floodplain behind a 
levee could be computed and mapped, considering the natural hazard and the performance of the levee. This would enable 
quick inspection to determine areas of greater hazard. 
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TABLE 3-1 Products Useful for FEMA’s Insurance, Risk Communication, and Mitigation Programs Yielded by 
a Modern Risk-Based Analysis .

Information Category Risk Analysis Product Use Description

Flood hazard  
(floodplain)

Floodplain stage frequency 
distributions for locations 
in the floodplain; including 
at the individual property 
level. This result will also 
include an estimate of the 
uncertainty in the flood 
frequency estimate.

Risk communication Report on likelihood of inundation to various 
depths for individual parcels, census tracts, or 
other subdivisions, better communicating risk to 
occupants, owners.

Flood hazard  
(floodplain)

Flood stage frequency 
distributions for locations 
in the floodplain; including 
at the individual property 
level. This result will also 
include an estimate of the 
uncertainty in the flood 
frequency estimate.

Mitigation Provide information on depths, velocities, and 
other flood properties throughout floodplain, 
for specified events, to inform emergency 
evacuation and safe shelter planning by 
government agencies, industry, and public.

Flood hazard  
(floodplain)

Flood stage frequency 
distributions for locations 
in the floodplain; including 
at the individual property 
level. This result will also 
include an estimate of the 
uncertainty in the flood 
frequency estimate.

Risk communication, 
mitigation

Support wise land-use decision making by 
identifying annual exceedence probability of 
a parcel, tract, etc. in interior floodplain. This 
is consistent with earlier recommendations 
by NRC (2000) that “the Corps use annual 
exceedance probability as the performance 
measure of engineering risk . . . and the federal 
levee certification program focus not upon 
some level of assurance of passing the 100-
year flood, but rather upon ’annual exceedence 
probability.’” 
For convenience, and in keeping with tradition, 
this information can be displayed on a map 
similar to existing FEMA maps (Figure 3-9).

Flood hazard  
(floodplain)

Flood stage frequency 
distributions for locations 
in the floodplain, including 
at the individual property 
level. This result will also 
include an estimate of the 
uncertainty in the flood 
frequency estimate.

Risk communication, 
mitigation

Similar to above, but conditional flooding 
can be displayed to answer question: Given 
channel flood flow or stage of specified 
annual exceedence probability, will a parcel, 
tract, etc. on the floodplain be inundated? For 
convenience, this answer too can be mapped. 
For example, properties with annual exceedence 
probability >0.01 can be identified and shaded, 
yielding a map similar to current FEMA maps, 
but taking into account performance of levees in 
other than a binary manner (Figure 3-9).

Deaggregation of  
the flood hazard  
(floodplain)

Conditional probability 
distribution on the relative 
contribution of different 
flood scenario types (levee 
overtopping, levee breach, 
breach locations, interior 
drainage and ponding, etc.) 
to the frequency and depth 
of flooding.

Risk mitigation, 
emergency  
preparedness

Report on the relative contribution of different 
events (flood events, levee failure events, etc.) 
that contribute to flooding in a community. This 
detailed information provides insight into the 
hazards to which a community is exposed and 
can guide the selection of mitigation measures 
and emergency preparedness and support risk 
communication.
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ance claim data and corresponding flood properties, and adding to that damage and flood property data collected 
from other agencies, including USACE and state and local government agencies. Depth-damage models commonly 
used for assessing consequence as a component of risk analysis are best calibrated and verified with actual damage 
data. Completing this task will ensure that models for consequence estimates are accurate and reliable. 

5.	 Develop, test, and deploy consistent procedures for describing the uncertainty in all inputs to the risk 
analysis, include uncertainty about flow frequencies, water surface elevations, levee performance models, and 
consequence estimates. 

6.	 Refine and enhance the methods of communication of information on flood risk, including now information 
on consequence. With the revised risk analysis approach proposed here, the information to be communicated offers 
an estimate of direct, tangible, economic impact of flooding—the cost to a property owner and information on 
potential life-safety consequences. (The risk analysis conducted by IPET for New Orleans indicated the potential 

Levee system 
performance 

Levee system fragility 
estimates, including an 
estimate of the uncertainty 
in the system fragility.

Risk communication A levee system fragility curve provides 
quantitative information on the performance 
of a levee system, which may comprise 
multiple levee reaches, gate structures, etc. It 
provides direct information on the reliability of 
infrastructure performance and the protection it 
is intended to provide for a community. This can 
be integrated with hazard information to provide 
information on combined probability that a 
certain flood level will occur and that the levee 
will protect from interior area flooding.

Levee system 
performance 

Levee system fragility 
estimates, including an 
estimate of the uncertainty 
in the system fragility

Mitigation Provides information useful for identification of 
deficiencies and for setting priorities on repairs 
or upgrades to existing infrastructure, especially 
when integrated with hazard information.

Frequency  
distribution on 
consequences

Frequency distribution 
on the consequences of 
flooding. This will also 
include an estimate of the 
uncertainty in the frequency 
of exceeding levels of 
consequences.

Insurance Enables computation of expected annual damage 
for use with premium determination procedures 
described in Chapter 5. This information can be 
provided at the individual structure level and 
community level.

Frequency  
distribution on 
consequences

Frequency distribution 
on the consequences of 
flooding. This will also 
include an estimate of the 
uncertainty in the frequency 
of exceeding levels of 
consequences.

Mitigation Enables computation of expected annual damage 
for comparison with cost estimated for flood 
management alternatives to assess feasibility 
of investment for federal, state, and local 
mitigation planning.

Frequency  
distribution on 
consequences

Frequency distribution 
on the consequences of 
flooding. This will also 
include an estimate of the 
uncertainty in the frequency 
of exceeding levels of 
consequences.

Risk communication Provides property owner or floodplain occupant 
with information about flood losses that they 
may expect on average for any year or over a 
longer duration.

NOTE: Risk analysis products are results of or intermediate products of the risk analysis described in this chapter. Uses are limited to FEMA’s 
main missions: risk communication, insurance, and mitigation.

TABLE 3-1  Continued

Information Category Risk Analysis Product Use Description
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deaths that could be encountered for various levels of flooding.) The revised analysis will also offer information 
about the probability that water will exceed specified depths in any year; this can be expanded easily to describe 
the probability that flood depths will exceed specified depths over the life of a mortgage or another informative 
duration. 

7.	 Work closely with other federal agencies to ensure that techniques are consistent across agencies so that 
communities are not faced with using multiple approaches to evaluate a levee system. (See Chapter 8 for further 
discussion.) 

New Technology and Cost

FEMA can leverage new technology to share the information now available. For example, in 2000 the state 
of North Carolina was designated a Cooperating Technical State by FEMA, a decision largely driven by the 
impact of Hurricane Floyd in 1999 highlighting the need for accurate flood maps for the state. North Carolina’s 
Floodplain Mapping Program began updating and acquiring high-resolution flood hazard data, specifically light 
detection and ranging (Lidar) to generate digital elevation data, and creating new Digital Flood Insurance Rate 
Maps (DFIRMs) (North Carolina Floodplain Mapping Program, n.d.). This information is available on the Web 
through North Carolina’s Floodplain Mapping Information System, which includes access to DFIRMs and other 
features such as data export capability and a property address search function to enable viewing of flood risk to 
a specific property (Figure 3-10).

The cost to FEMA of developing procedures for and implementing a program based on modern risk analysis 
cannot be predicted with certainty without information from pilot applications, which are a valuable pursuit. 
However, in the absence of pilot studies, a comparison between the costs for a modern risk analysis that would 
be above that incurred for a Flood Insurance Study (FIS) using current methods (i.e., the incremental cost) is 
drawn.9 

Current FIS procedures require many of the same hydrologic and hydraulic inputs required for a modern 
risk-based analysis, which indicates that the incremental cost for pilot studies should not be significant. Similarly, 
information on exposure and vulnerability of floodplain property is available in FEMA’s Hazus database, and so 
the incremental cost of gathering information should not be significant (unless a community prefers more recent 
information, in which case the cost of conducting a new structure inventory would be included). Topographic data 
are necessary for establishing the relationship between flood hazard and consequence; these are collected for cur-
rent FIS studies, and so no additional cost will be incurred for this portion of the modern risk analyses. 

The greatest cost, not currently incurred for a FIS, is the cost of developing system fragility curves—the 
functions that represent the likelihood that levees and appurtenant structures will provide the protection for which 
they were designed. Developing the curves requires information about the materials, methods of construction, 
operation and maintenance, performance history, and so on. Much of the information required to develop fragility 
curves is also required to meet the current requirements for certification and accreditation under 44 CFR §65.10. 
However, the manner of interpretation of the information is different when compared with the proposed modern 
risk analysis approach. No longer can an engineer compare the system or levee state to a standard, finding that 
the standard is or is not met. Instead, a qualified geotechnical engineer will evaluate the integrity of a levee 
system and incorporate this quantitatively in the conditional performance of the system. This can be done, as the 
State of California demonstrated with its Central Valley Flood Protection Plan. For risk analyses to support that 
study, engineers developed fragility curves at approximately 300 locations in approximately 1 year, following an 
extensive data collection effort (CA DWR, 2012). Similarly, USACE has developed levee fragility curves for use 
in ongoing planning studies, all of which now employ a risk analysis along with procedures and guidance for the 
development of appropriate levee fragility curves (USACE, 2006; Schultz et al., 2010). 

9  A FIS is an examination of flood hazards with a specific legislative definition (Appendix C). From the FIS, FEMA’s FIRMs are produced. 
A flood hazard study, which is discussed in this chapter, is a consideration of the frequency of flooding included in the FIS. 
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A Living, Risk-Based Analysis: Maintenance and Agents of Change

A modern risk-based analysis will serve a very different role than FEMA’s current analysis of the flood hazard, 
which yields a flood map that is not updated with regularity. The modern risk-based approach will be an integral 
part of all aspects of the NFIP: mapping, floodplain management, portfolio analysis, and insurance rate assessment. 
As such, the risk-based analysis will be a living, integral part of the NFIP; something that is used regularly by the 
program actuaries and analysts. By its very nature, the modern risk-based analysis will be a regularly updated, 
preferably online, resource for FEMA.

When a modern risk analysis is performed for a community, it would be based on information that is available 
at the time. Following its completion, there are factors that may change the risk profile of a community, and there-
fore require maintenance (updating of certain data) and possibly revision of hazard, performance, and consequence 
components and the resulting risk analysis products shown in Table 3-1. Given the role the risk analysis will play 
in the NFIP, it is important that FEMA develop and implement procedures to periodically review, maintain, and 
update the risk-based analysis, as necessary. There are a number of agents of change that may affect future flood 
risks: climate change, community development and changes in land use, changes in population, condition of flood 
mitigation systems (success of system maintenance, changes in system configuration, etc.), changes in the water-
shed, and so on. As such, FEMA’s implementation plan needs to take these factors into account.

FIGURE 3-10 A screen shot of an area subject to flood risk in North Carolina according to high-resolution flood hazard data 
gathered. The menu bar at the top of the image allows the user to explore exposure of an individual structures to the flood 
hazard as well as other options such as a DFRIM export function. Pink depicts areas subject to one percent annual chance 
flooding (AE zone, floodway), blue areas are subject to 1 percent annual chance flooding (AE zone, has base flood elevation 
established), and green areas are subject to the 0.2 percent annual chance flooding (shaded X zone). 
SOURCE: http://www.ncfloodmaps.com, accessed January 7, 2012. 
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The processes for maintenance and review needs to include

•	 periodic review of the elements of the risk analysis (hydrologic analyses that describe the flood hazard, 
geotechnical engineering studies that yield description of levee system performance, inventory of properties, etc.);

•	 standards that define the steps and basis to revise, refine, or replace one or more elements of the risk analysis 
for a community, and that establish schedules for periodically reviewing and revising

o	 individual property information,
o	 levee and flood mitigation system properties and condition, and
o	hydrologic and hydraulic modeling.

Within its current program, FEMA has requirements for archiving hydrologic and hydraulic models used in the FIS 
(FEMA, 2003) and requiring that information on levees be maintained and certification be periodically updated. 
With the development and implementation of a risk-based analysis to evaluate community flood risks, FEMA 
needs to extend these practices to a community risk-based approach and faithfully maintain them. 

FEMA policy with regard to levees is spelled out in 44 CFR §65.10. In addition to defining the base flood as 
the one percent annual chance exceedance flood, the regulation states that a community must provide evidence of 
a flood protection system’s ability to provide protection from the base flood. As noted in Chapter 1, the require-
ments that determine whether FEMA recognizes a levee system on NFIP maps include (1) design criteria, (2) 
operation plan criteria, and (3) maintenance plan criteria. If the levee system satisfies the criteria and is certified, 
it is recognized on NFIP maps, with the protected floodplain “mapped out” of the hazard area. If the levee system 
does not meet the criteria, the levee system is assumed to provide no protection. 

Within the context of a risk-based analysis to evaluate the floodplain and flood protection systems in particu-
lar, the analysis would quantify the residual risk in the area behind every flood protection system, and develop 
insurance pricing based on the level of protection that is provided. For instance, communities will be given credit 
for the level of protection that is provided, even if this level is below the base flood standard—the estimated risk 
analysis and corresponding rates will recognize this change. 
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As indicated in Chapter 2, the examination of levees under the Map Modernization Program identified many 
levees that no longer met the requirements of Title 44, Section 65.10 of the Code of Federal Regulations (44 
CFR §65.10). As a result, the areas behind these levees in the one percent annual chance floodplain were to be 
remapped as being in the Special Flood Hazard Area (SFHA) and would be subject to the mandatory purchase 
requirements of the NFIP. In response to congressional requests, the administrator directed FEMA staff to develop 
an approach to mapping nonaccredited levees that would reflect any risk reduction and the commensurate rates 
that nonaccredited levees might afford the communities. In March 2011, FEMA issued a public notice stating that

The new approach [being developed] will provide a more precise assessment of flood risk in areas impacted by 
levees. Because the new modeling methods may affect the treatment of a levee, FEMA will temporarily withhold 
issuing flood risk study final determinations for those communities whose levees do not meet accreditation require-
ments of 44 CFR §65.10. This temporary delay will allow FEMA to give proper consideration to levees under the 
new modeling procedures. (FEMA, 2011b)

Between, March 2011 and February 2012, FEMA developed and circulated for public comment the Levee 
Analysis and Mapping Procedure (LAMP) to identify where risk reductions might occur from evaluation of the 
performance of levees below the one percent annual chance standard. The LAMP was designed to be implementable 
without statutory or regulatory changes, or changes to the insurance program. The LAMP is currently being pre-
pared for use in pilot analyses in communities around the country. 

PROPOSED PROCEDURE

The proposed procedure is characterized by FEMA as being

a cost-effective, repeatable, and flexible approach that (1) complies with all statutory and regulatory requirements 
governing the NFIP, most notably 44 CFR §65.10, (2) leverages local input, knowledge, and data through proactive 
stakeholder engagement; (3) aligns available resources for engineering analysis and mapping commensurate with 
the level of risk in the leveed area; and (4) considers the unique flooding and levee characteristic (solely from an 
engineering perspective) of each levee system. (FEMA, 2011a)

4

Levee Analysis and Mapping Procedure
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Under the existing approach, when a levee is no longer accredited, all land areas that would be subject to inundation 
by the one percent annual chance flood if the levee system was not present are designated as SFHAs. Under the 
proposed approach, based on analyses of levee reaches,1 some lands areas may be determined to be still protected 
against inundation by the one percent annual chance flood. These land areas would be designated as Zone D, an 
existing designation that indicates undetermined, but possible flood hazard (Appendix E). Zone D areas are not 
subject to mandatory flood insurance purchase requirements, although structures in this zone may be subject to 
lenders’ flood insurance requirements. Rates under the NFIP would be adjusted from the preferred rate to a rate 
that reflects the undetermined risk for structures in Zone D.

The proposed approach makes use of five “procedures.” The Freeboard Deficient Procedure, Overtopping 
Procedure, and Structural-Based Inundation Procedure deal with common deficiencies in nonaccredited levee 
systems as they affect specific reaches. The Sound Reach Procedure deals with continuous reaches that were 
“designed, constructed, and maintained to withstand and reduce the flood hazards posed by a 1-percent-annual-
chance flood” (FEMA, 2011a). The Natural Valley Procedure is applied to entire levee systems and assumes that 
“the levee system would not obstruct the river from flowing within the entire natural valley of the floodplain during 
the 1-percent-annual-chance flood event” (FEMA, 2011a).

The Freeboard Deficient Procedure is applied to levee reaches for which the only deficiency is inadequate 
freeboard. In this case, the Natural Valley Approach would be used to map the affected area. This area would be 
designated as Zone D, except for any portions that are affected by levee reaches with other deficiencies or are 
subject to flooding due to interior drainage.

The Overtopping Procedure is to be applied to levee reaches for which the one percent annual chance flood 
is higher than the crest, but overtopping will not result in structural failure. In this procedure the levee is modeled 
as a lateral weir, using a one percent annual chance flood plus a factor of safety. The inundated area is designated 
as an SFHA, and could be smaller than the inundated area that would result without consideration of the levee, 
as determined by the Natural Valley Procedure. If so, the remaining area is designated as Zone D, except for any 
portions subject to flooding due to internal drainage. 

The Structural-Based Inundation Procedure is applied to levee systems that are not accredited because of 
structural integrity issues, such as insufficient foundation strength or vulnerability to seepage failure. In this pro-
cedure, possible failure locations are identified and evaluated to determine the inundated area. The modeling will 
be based on the one percent annual chance flood, without a factor of safety. Breaches will be assumed to occur at 
multiple locations. The inundated area will be designated as SFHA. This area could be smaller than the inundated 
area that would result without consideration of the levee, as determined by the Natural Valley Procedure. If so, 
the remaining area is designated as Zone D, except for any portions subject to flooding due to interior drainage.

The Sound Reach Procedure is applied to continuous sections of levee that have been designed, constructed, 
and maintained to withstand and reduce the flood hazards posed by a one percent annual chance flood. The areas 
landward of these levees are mapped using the Natural Valley Analysis and designated as Zone D, except where 
there is inundation due to internal drainage or to flows from the nonaccredited levee reaches. 

LAMP also includes a stakeholder engagement process. Once FEMA has determined that a levee system does 
not meet the certification requirements, it will engage stakeholders to assist in the data collection phase. When 
appropriate, it will establish a Local Levee Working Group to provide additional data as well as feedback on the 
analysis and mapping. Depending on the nature of levee deficiencies, this data collection may involve consider-
able responsibility on the part of the local sponsors for technical data development, the costs of which may place 
a significant burden on their resources.

1  A levee reach is a portion of a levee system (usually a length of a levee) that may be considered as a unit taken for analytical purposes to 
have approximately uniform representative properties. A levee reach will be the unique entity having properties different than other reaches 
of the levee system that may be used to evaluate the performance of a portion of the levee system. No maximum length is associated with a 
reach (USACE, 2010).
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PUBLIC COMMENTS

As part of the development of the LAMP, FEMA solicited input on a preliminary version of the procedure and 
received over 1,400 comments. The main criticisms of the proposed method had to do with the identification of a 
Zone D and the probability that the insurance rates in Zone D would rise and thus discourage insurance purchase. 
Suggestions were made to use the Zone X designation which carries less of a negative connotation.2

Technical comments addressed such issues as the failure of the Natural Valley method to account for local 
backwater effects caused by flow impediments such as levee tiebacks, confusion over the definition of a reach, 
use of the Freeboard Deficient Procedure believing that it “would remove elevation and insurance requirements 
behind a levee that has only one inch of freeboard and no armoring,” and failure in the Overtopping Procedure 
“to consider that the true one percent chance flood stage may be substantially higher than the median one percent 
stage,” suggesting that the Overtopping Procedure be replaced by the Structural-Based Procedure which does not 
appear to use a factor of safety. Fears were expressed that the new approach might “mislead the public and mort-
gage lenders about their risk, result in more risky development and fewer insurance policies, and dis-incentivize 
levee investments.” Other comments noted that Zone D lacks elevation data that could be useful to homeowners, 
builders, mortgage lenders, and communities.

EVALUATION OF LAMP

The committee examined LAMP, met with key FEMA staff to discuss its possible implementation, and 
reviewed its components. The LAMP is founded on sound algorithms with sound science and engineering behind 
them and follows established approaches to hydrology and hydraulics. It is a first cut at an approach to dealing 
with the hazards associated with levees that do not meet the standards for protection against the one percent annual 
chance flood. 

LAMP represents a response to the issues raised by members of Congress that, given funding and person-
nel constraints, it will likely take several years to fully implement. It represents a diversion of NFIP effort away 
from the long-recognized need to move the NFIP to risk-based analysis. Because it would be highly unlikely for 
the NFIP to move forward concurrently with implementation of LAMP and development of a modern risk-based 
approach as described in Chapter 3, a move to LAMP would simply postpone the inevitable need to move the 
NFIP to the risk-based foundation that other agencies and nations have already endorsed (Kobayashi and Porter, 
2012; Serra-Llobet et al., 2013). 

The implementation of LAMP would be a time-consuming and expensive endeavor for FEMA and commu-
nities.3 It will not yield the desired results of describing flood risks more accurately for the purposes of flood risk 
communication, mitigation, and insurance rate setting compared with a modern risk analysis. The LAMP approach 
does not identify or evaluate the properties at risk or the potential for losses and it does not consider levels of risk. 
In addition, it is not clear that the timescale for implementation of LAMP would contribute to resolving the flood 
mapping issues that currently exist. 

Should the decision be made to implement LAMP, the implementation will not be simple or without contro-
versy. It will require time for FEMA and communities to assess its viability and to establish the steps required for 
its systematic implementation. The steps in this process will necessarily involve

1.	 conducting a series of trial applications of LAMP at a number of locations to understand its impact, benefits, 
and the considerations in its broader implementation;

2.	 development of guidance for implementation of LAMP on a national scale, which might have a number 
of elements such as preparation of lessons from the trial applications, development of guidelines, preparation of 
training materials, Frequently Asked Question documents, holding of training seminars, etc.; and 

3.	 implementation of a finalized LAMP across the nation, which may require
a.	 new hydraulic and hydrologic evaluations for levee reaches under evaluation,

2  Zone X designates an area of moderate to low risk (see Appendix F).
3  Although no cost estimates were available for the implementation of LAMP, this statement is based on the judgment of the committee. 
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b.	 significant time and resource commitments by local communities and experts to develop local knowledge 
and data, and

c.	 resource-intensive FEMA review and evaluation of community submittals (acceptance or rejection).

It is not apparent to the committee how FEMA can reasonably and defensibly price flood insurance for the 
range of circumstances it will encounter with the LAMP approach. Criticisms that have been levied against the 
NFIP concerning high premiums may persist with such an implementation of LAMP. The implementation of LAMP 
and the concurrent actions that are required by the Biggert-Waters Flood Insurance Reform and Modernization 
Act of 2012 would likely lead to confusion among communities (e.g., the repackaging of Zone D) and will have a 
negative impact with respect to public engagement, risk communication, and NFIP viability and public acceptance 
of the program. FEMA should move directly to a modern risk-based analysis for dealing with areas behind 
levees and not implement the Levee Analysis and Mapping Procedure. 

DEALING WITH THE CURRENT SITUATION

If LAMP is not implemented, what should FEMA do until a modern risk-based approach can be fully imple-
mented? NFIP-related levees fall into four categories. The first group includes levees that are currently fully 
accredited. A second group encompasses deaccredited levees with deficiencies that the community intends to 
remediate in order to bring the levee back into compliance with the provisions of 44 CFR §65.10. Depending on 
the nature of the deficiency and the costs associated with remediation, such actions may take a few to several 
years. The third group of levees includes those with deficiencies that the community recognizes cannot reason-
ably be remediated and that the community does not intend to remediate. This situation develops when the levee 
deficiencies are severe or the potential costs for repair or upgrade are so substantial that it would be impossible 
for the community to bear such costs. The fourth group of levees includes those that are not now accredited or 
that are proposed to be built at less than 44 CFR §65.10 standards to provide some level of protection to those 
behind levees against more frequent than one percent annual chance floods (e.g., 2 percent annual chance or 
50-year floods). 

Should a decision be made not to implement LAMP and to develop and a modern risk-based analysis, deal-
ing with the current situation is still necessary. Pending development and completion of a modern risk-based 
analysis, FEMA should implement and promote these interim steps:

1.	 Communities with currently certified levees not in the mapping process and not having been declared 
deaccredited would be expected to take necessary actions to remediate any deficiencies that have been brought 
to their attention as a result of USACE or FEMA programs so that when the community is remapped, the levee 
would meet standards.

2.	 If the community indicates that it will take steps to restore accreditation, the following action would be 
taken with respect to its levees:

a.	 Communities would commit to an aggressive but reasonable program to remediate all deficiencies in 
the levees using a program similar to the USACE System-Wide Improvement Framework (SWIF) policy 
(Appendix I) or an integration of the SWIF and an NFIP remediation program. The SWIF policy requires 
participating levee sponsors to

i.	 provide a “description of deficiencies or issues that will be included in the SWIF and discussion of 
how a system-wide approach will improve and optimize overall flood risk reduction”; 

ii.	 demonstrate “that significant nonfederal resources have been, or will be, committed for developing 
and/or implementing the SWIF (e.g., state legislative action, bond financing)”;

iii.	 identify “risk reduction measures that will be implemented throughout the SWIF process, including 
[an] overall risk communication approach that addresses [how] the risk to life increased by system-wide 
deficiencies” is being mitigated during the remediation period”; and
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iv.	 describe “existing or planned interagency collaborative efforts that will contribute positively to 
SWIF development, implementation and oversight” (USACE, 2011). 

b.	 Issuance of preliminary maps would be suspended until remedial action was completed. These levees would 
be left in the current program and any actions to remove them from accreditation would be suspended temporarily. 
Areas behind levees would remain outside of the SFHA and would be considered in Zone X.

c.	 To ensure the protection of the health, welfare, and property of those in the leveed areas, communities 
would be required to carry out the following actions:

i.	 individually inform all residents living behind the subject levees of the failure of the levee to meet 
FEMA and/or USACE standards, the nature of the deficiencies, resultant risks that exist, and steps being 
taken by the community to remediate the deficiencies; 

ii.	 review and exercise emergency plans to include plans for the evacuation of residents from behind 
the levees; and

iii.	 encourage those behind levees to purchase insurance policies.
3.	 If communities do not intend to seek reaccreditation of deaccredited levees:

a.	 Mapping efforts would continue through issuance of the effective maps indicating that areas behind the 
levees are in the SFHA and subject to mandatory purchase requirements and land development regulations. 
At the time the new maps go into effect, the rate charged would be that for the SFHA. 

b.	 After FEMA completes the development of a new risk-based analysis approach, the rates for these areas 
would be reassessed to reflect the degree of risk reduction provided by the less-than-compliant levees.

c.	 To ensure the protection of the health, welfare, and property of those in the leveed areas, communities 
would be required to carry out the following actions:

i.	 individually inform all residents living behind the subject levees of the failure of the levee to meet 
FEMA and/or USACE standards, the nature of the deficiencies, resultant risks that exist and the intention 
of the community to not remediate the deficiencies;

ii.	 review and exercise emergency plans to include plans for the evacuation of residents from behind 
the levees;

iii.	 encourage the purchase by those behind levees of insurance policies at the preferred risk rate;
iv.	 provide FEMA with reports of locally funded periodic inspections of the assessed levees to ensure 

that they continue to maintain the degree of protection used in the risk analysis.
4.	 Communities wishing to build a new levee in an existing SFHA or in an area where there is no flood 

designation should be required to construct the new levees to NFIP standards. Where a participating community 
has within its geographic bounds and within the SFHA levees that do not currently meet NFIP standards and that 
have never been proposed for certification, it would be possible, on completion of the development of risk-based 
analysis, for these communities to request, at community expense, FEMA evaluation of the levees to determine 
risk-based SFHA insurance pricing for properties affected by these levees.

A CAUTION

Levees were introduced into the NFIP because, at the time, decision makers reasoned that because new con-
struction within the SFHA would be required to be at or above one percent annual chance flood level in order 
to be removed from the mandatory purchase requirement, equity dictated that those protected by a one percent 
annual chance “flood control” structure should also be removed from the requirements of mandatory insurance 
and land management behind the structures. It was assumed that these structures would provide protection equal 
to or in excess of the protection provided by requiring the first flood of new development in the SFHA to be at or 
above the one percent annual chance flood level. As indicated in Chapter 2, because the decision that areas behind 
levees are not subject to the mandatory purchase requirement and land regulation, studies and internal deliberations 
between USACE and FEMA since the early 1970s have highlighted that the aggregate risk to those behind levees 
may be greater than the risk to those in front of the levees (FEMA, 2006; Galloway et al., 2006; NFIP Evaluation 
Final Report Working Group, 2006; ASFPM, 2007; CA DWR, 2007). 
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Insurance is a method of prefunding (usually over time) the adverse consequences of a loss so as to have avail-
able funds to pay damages when they arise. It is a legal contract that transfers some of the financial consequences 
of an uncertain low-probability but high-consequence peril to another party (called an insurer) in return for peri-
odic relatively low payments (premiums). If an event covered by the insurance contract occurs, and if coverage is 
triggered by conditions detailed in the contract, then the insurer will indemnify the insurance purchaser up to the 
limits of the insurance policy in accordance with the terms of the contract (e.g., the deductible, the policy limits, 
proof of loss, etc.). Thus, the value of insurance arises at the time of a covered loss, and can thus be viewed as a 
hedging instrument against the financial consequences of a loss.

In insurance nomenclature, the causes of loss is called a peril, and a condition or situation that increases 
either the likelihood or severity of the peril occurring is called a hazard. Risk, on the other hand, is the term used 
to designate the loss consequence of the realization of the uncertain peril, and it may be financial or nonfinancial 
in nature (e.g., reputational loss). Thus for example, fire is a peril, storing oily rags next to a gas water heater is 
a hazard for the peril of fire, and the loss of property and the financial losses due to fire-related property destruc-
tion is the risk. Concerning the peril of flooding, building unelevated property below the base flood elevation in 
a floodplain is a hazard, and the financial consequences of partial or total destruction of property due to flooding 
is the risk that the property owner faces. Risk is an adverse consequence of uncertainty concerning perils, and 
without uncertainty there can be no risk.

Not all risk can be insured in the private market (i.e., by private insurers) but when available, insurance can 
be part of an effective risk management strategy. Other parts of the risk management process include risk iden-
tification, risk assessment, risk mitigation or control, and risk communication. Insurance is not a risk mitigation 
technique, however, because the legal insurance contract does not change the physical probability or the severity 
of a realized peril, but rather it just allocates the cost to another party.1 

From the perspective of the purchaser, insurance is a viable risk transfer technique when the probability of 
the event occurring, p, is relatively small and the consequence or loss, L, is relatively large (so as to be difficult to 
financially assume all at once by the purchaser without insurance), but such that the expected value in any given 

1  Insurance that is truly risk-based priced can motivate policyholders to mitigate risks to lower premium costs, but it is not that insurance 
itself that mitigates the risk, but rather the affirmative actions of the policyholder to lower frequency or severity. 

5

Insuring Properties Behind Levees
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year p × L is affordably small as a basic for an annual insurance premium calculation.2 This expected value is 
called the “pure premium” in insurance and is subsequently “loaded” or modified to reflect insurance underwriting 
costs, claim adjusting and settlement costs, and returns to the providers of capital to the insurance organization. An 
additional loading is added to reflect the level of uncertainty in the estimation of the pure premium. Once loaded, 
the result is the actual premium charged to the purchaser of insurance.

As part of the National Flood Insurance Program (NFIP), the insurance component is one pillar to address 
catastrophic loss potential from floods (other pillars include motivating building and land-use restrictions in vul-
nerable areas and construction of dams, levees, and other structures). NFIP insurance is available to all property 
owners in communities that participate in the program. Coverage for flood damages extends up to $250,000 dol-
lars for residential structures and $100,000 dollars for residential contents and $500,000 for business structures 
and $500,000 dollars for business contents.3 Those that require greater amounts of coverage than available from 
the NFIP have access to additional flood insurance through private industry, e.g., their property insurance carrier.

BASICS OF INSURANCE PRICING

Pricing is done in essentially the same manner in all areas of insurance with some differences in models and 
assumptions corresponding to the characteristics of the different types of insurance. Property and casualty insur-
ance (also known as hazard insurance or general insurance in some areas) generally has a shorter contract dura-
tion, usually exists in a more highly regulated environment than life insurance, and has more complicated claims 
structure (with more correlated losses, the potential for multiple claims within the policy period, etc.). These 
characteristics have led financial/actuarial pricing formulas specifically tailored to the property or liability arena, 
which are somewhat distinct from the models used for pricing life and health insurance. A brief introduction to 
various aspects of property insurance pricing including manual rate setting and individual risk rating is presented. 
(More detailed examination of pricing of general property insurance is given by Ai and Brockett [2008] and by 
the Casualty Actuarial Society [1990].)

An (oversimplified) essential representation of pricing of insurance policies is that prices (or charged rates) 
should equal the expected present value of the future losses on the contract augmented by a load for expenses, 
plus an insurer profit load, plus a load to compensate the insurer for risk bearing (see equation (5-1)). Hence, the 
price for insuring a risk exposure is given by

P E L V T k k ki i
i

N

= + + +
=
∑[ ( )]( )(( )( ),1 1 11 2

1
3 (5-1)

where P is the price, E is the expectation operator representing the taking of the statistical expectation of the 
random variables involved in the brackets, and where

k1	 = the load for expenses (marketing underwriting, administration, taxes, claims adjusting, commissions, and 
general operating expenses);

2  For insurance to be a viable alternative for an insurer to offer, there needs to be additional conditions that mitigate the financial hazard 
being assumed by the insurer so that the risk-assuming insurer itself does not go insolvent and can adequately manage the financial exposure 
they take on. These ideal conditions for a risk to be insurable include that (1) there be a large number of independent homogeneous expo-
sure units to be insured (so the law of large numbers and the central limit theorem from statistics is available to the insurer for pooling and 
spreading risk among clients); (2) losses that occur are accidental; (3) a catastrophe cannot occur that affects a large number of exposure units 
simultaneously (this high correlation between losses thus defeating the independence of the exposure units and mitigating the insurers’ use of 
the law of large numbers and the central limit theorem); (4) losses must be definite and measurable (so they can be priced); and (5) the prob-
ability distribution for losses should be determinable (so prices can be set). In addition to the above characteristics of a risk to be insurable, 
there are behavioral conditions that the customer can create which will make the insurer reluctant to offer insurance. One of these is adverse 
selection, which can occur when the individuals who have a higher likelihood of experiencing losses are disproportionately drawn to buying 
insurance defeating the risk pooling needed by insurers (e.g., if only high-flood-risk property owners seek flood insurance). Finally moral 
hazard also needs to be considered by insurers, where moral hazard is the term used to describe the behavioral property that can arise wherein 
the people who are insured will take fewer precautions than those who are not insured simply because they have insurance and are not fuly 
responsible for their losses. This escalates costs to insurers, and if severe moral hazard or adverse selection is anticipated, then insurance will 
not be offered (Baranoff et al., 2009). 

3  See floodsmart.gov. 
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k2	 = profit load (included so as to allow the capital suppliers to obtain a “fair” or competitive rate of return 
on capital);

k3	 = load for bearing uncertainty in future cash flows;
Ti	 = (possibly random) time until payment of the ith claim during the policy coverage period;
Li	 = (possibly random) dollar severity realized in the ith claim, also called the severity (or size of loss) of the 

loss exposure;
N	 = (possibly random) number of claims incurred during the policy period, also called the frequency;
V(Ti)	 = the discounted present value of $1 payable at time Ti (a priori this being a random stochastic process 

or a random variable).

Usually V(Ti) is taken to have the form V(Ti) = v iT where v = 1/(1 + r) is the discount factor based on an 
interest rate r. Stochastic models taken for N often include Poisson (for rare events) and binomial distributions. 
Statistical distributions chosen for Li generally depend on the particular hazard situation or peril involved. Indeed, 
the determination of appropriate statistical distributions and the dependence structure for N and Li is a crucial part 
of property insurance pricing. (See Klugman et al. [2008] for explicit loss distributions models used in insurance 
pricing.)

Once calculated, these theoretical prices may be modified for political, social, or market competition reasons. 
For example, political or regulatory considerations may force the company to deviate from the theoretically derived 
prices and constrain or suppress rates (Witt and Hogan, 1993). Such regulatory intervention (and social influences) 
upon the mathematically derived pricing formulas occurs more in property insurance lines wherein purchase is 
mandated by contractual obligations (e.g., homeowners’ insurance on mortgaged homes, comprehensive colli-
sion insurance on financed automobiles, etc.) and whose purchase is deemed .mandatory for social reasons (e.g., 
automobile insurance, workers’ compensation, flood insurance4) (Ai and Brockett, 2008). Most state regulations 
impose the conditions that rates (or premiums) cannot be inadequate (to ensure solvency), excessive (to prevent 
excessive profits), or of an unfairly discriminatory nature (for social equity) (Ai and Brockett, 2008). 

Pricing Property Insurance Using “Manual Rates”

The notion of “manual rating” is setting the rate (or price) based on a basic rating table (or tables) that produces 
a price per unit for different classes of risks. From such tables the user can obtain a numerical value (say, dollars 
to charge per $1,000 of coverage) that is then applied to obtain a price for any designated risk within the class of 
risks covered by the table. Such manual rates are used generally to price homogeneous groups of exposure risks 
and are not tailored to the idiosyncratic characteristics of any specific individual. For such manually rated policies, 
the issue is how to determine the table entries from which the appropriate rates can be read.

Manual rate encompasses two basic methods: the loss ratio method and the pure premium method (Casualty 
Actuarial Society, 1990). The pure premium method bases the rate on the expected fundamental loss exposure 
probability distribution itself. Mathematically,

R
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(5-2)

In equation (5-2), R denotes the rate per unit of exposure, E[L] denotes the expected loss per unit of exposure 
(called the pure premium or actuarial value), F denotes the per-exposure unit fixed expense, V is a variable expense 
factor, and Q is a risk contingency factor that also incorporates anticipated profit. Essentially, this is analogous to 
equation (5-1) in that it says the rate should be sufficient to pay expected losses after allowing for required profits 
and fixed and variable expenses (Ai and Brockett, 2008). 

The expected loss per unit of exposure is calculated as the discounted present value of the loss(es) per exposure

4  According to the Federal Emergency Management Agency revised edition of the Mandatory Purchase of Flood Insurance Guidelines 
(FEMA, 2007), “The mandatory purchase law directed the Federal agency lender regulators and Government-Sponsored Enterprises (GSEs) 
to develop and adopt regulations requiring lenders subject to their jurisdiction not to make, increase, renew, or extend any loan on applicable 
property unless flood insurance is purchased and maintained to protect that property securing loans in high flood risk areas.”
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 After calculating this value for each possible rating class, a table (or set of tables) of values

is created such that every possible exposure unit is uniquely found within a table. The coverage rate for a new 
exposure is ascertained by first determining the exposure’s class, and then reading the multiplicative factor for 
this class from the corresponding table. Ultimately, by multiplying the number of exposure units encompassed by 
the risk exposure to be priced times this factor, a premium is determined. The difficulty in applying this method is 
appropriately stochastically modeling the frequency, N, and severity, Li, variables and their dependencies. Many 
books on statistical analysis have been devoted entirely to this topic (cf. Klugman et al., 2008).

The second method, called the loss ratio method, is really a premium adjustment method as opposed to a 
premium-setting method. It assumes a current rate (R0) and determines a rate change for the next year by mul-
tiplying by an adjustment factor (A) to obtain a new rate R = AR0. The adjustment factor (A) is the ratio of the 
experienced loss ratio (Y) to a prespecified target loss ratio (T). Mathematically, R = AR0, where R0 is the current 
rate, A = Y/T, and Y = L/[(R0)(e)], where L denotes the current period experienced losses and e is earned exposure 
for the experience period. The target T = (1 − V − Q)/(1 + M), where V denotes the premium-related expense 
factor, Q is the factor for contingencies and profit, and M is the ratio of nonpremium-related expenses to losses. 
The loss ratio method (by construction) is not applicable when a current rate is unavailable (such as for new lines 
of business). Still, it allows the insurer to obtain new rates for the next period by updating the previous period’s 
rates. Brockett and Witt (1982) show that “when current prices are set by a regression methodology based on past 
losses, and the loss ratio method is used to adjust prices, then an autoregressive series is obtained, thus partially 
explaining insurance pricing cycles”. Although the loss ratio method and the pure premium method are constructed 
from different perspectives, one can show that the methods yield the same prices given the same data (cf. Casualty 
Actuarial Society, 1990). 

Individual Risk Rating

To obtain prices for individual exposure units, one can make modifications to the manual rates to accommodate 
for individual characteristics. A basic approach is to use a so-called credibility formula,5 where individual loss 
experience is incorporated with an estimation of expected losses for the risk class derived from some other source 
to obtain a blended or averaged rate concatenating individual loss experience and exogenous derived expected 
losses (Ai and Brockett, 2008). Two such rating schemes are prospective rating and retrospective experience rating 
(Casualty Actuarial Society, 1990), where the rate for a future period is determined using a weighted combination 
of expected losses (from some other source such as industry data) an individual experienced losses.

 In addition to the above methods, a somewhat different method for individual risk rating is called schedule 
rating (Ai and Brockett, 2008). It adjusts the manual rates to reflect individual risk characteristics that may affect 
future losses. Unlike the above individual risk rating methods, however, it does not necessarily use individual loss 
experience to make this adjustment, but instead creates a factor to apply to the manual rate to account for char-
acteristics known to affect the likelihood of losses (e.g., a certain building standard, such as height of first floor, 
may result in a multiplicative factor less than one being applied to the manual table rates for flood insurance) (Ai 
and Brockett, 2008).

CURRENT RATE-SETTING PRACTICES WITHIN THE NFIP 

FEMA’s National Flood Insurance Program (NFIP) has approximately 5.6 million policies insuring over a trillion 
dollars in assets. Currently, 21,881 communities participate in the NFIP.6 Broken down by structure type, this includes

5  The concept of credibility theory, which dates back to Mowbray (1914), is said to be “the casualty actuaries’ most important and enduring 
contribution to casualty actuarial science” (Rodermund, 1990).

6  As of June 2012. 
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•	 3,839,254 single-family policies, 
•	 281,508 nonresidential (i.e., commercial) policies, 
•	 341,607 multifamily (non-condominium) policies, 
•	 1,123,427 units (in 78,821 contracts or buildings) Residential Condominium Building Association policies.

The above numbers include all NFIP policies regardless of flood zone designation and 10,361 properties that have 
been designated as severe repetitive loss properties7 (Andy Neal, FEMA, personal communication, July 19, 2012). 

The purpose of this section is to explain the current process by which the NFIP sets rates and discuss the 
similarities and differences related to traditional private insurance processes for setting risk-based rates. Next, 
comments on the actuarial and fiscal soundness of the NFIP on the basis of the risk premium methodology used 
are presented. Finally, improvements and advancements that can be made to better serve the goals of the NFIP 
and the pricing of flood insurance are discussed.

Full-risk Class Rates

FEMA evaluates the flood risk of policy holders and determines rates for the “full-risk” class through a bal-
ance of elements including the extent and type of flood hazard, the base elevation of the insured structure and the 
structure type,8 the contents location (first floor, second flood, etc.), and whether or not the community participates 
in the Community Rating System9 that provides discounts for communities that actively manage their flood risk 
(Box 5-1). 

At the core of FEMA’s risk-based rate setting is the calculation of the expected loss for a property. FEMA 
calculates community losses using average annualized loss data (Box 5-2). In theory, this is calculated for each 
property by conditioning upon the floodwater level and the probability of that level of water inundation occurring 
during the year. Thus, they assess the frequency or probability that the floodwaters will reach an elevation of i 
(which they denote by probability of elevation or PELVi). This number is then multiplied by the “loss severity” 
that would occur at the structure if the floodwaters reached level i (i.e., damage based on water depth in a given 
structure), which they denote by damage by elevation (DELVi). This is then summed over all possible water eleva-
tion levels to arrive at an expected loss.10 

	 Expected Loss PELV DELV
Min

Max
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This is consistent with a standard actuarial method for calculating the expected loss due to flooding similar 
to the pure premium method described in equation (5-2) earlier. In practice, properties having similar risk-related 
covariates (flood risk elevation, construction type, zone, etc.) are grouped together, and a single rate is given to 
all properties in this class nationwide. This is essentially similar to risk-based rate setting by private insurers in 
property insurance and automobile insurance where entities having the same set of underwriting classification 
characteristics are grouped together and given the same rate. Risk pooling in this regard is also used by private 
insurers to spread the risk.11

7  Severe repetitive loss properties, as established in Section 1361A of the National Flood Insurance Act, as amended, 42 U.S.C. § 4102a) 
is defined as a residential property that is covered under an NFIP insurance policy and has at least four claim payments and for which two of 
these payments in total have exceeded the market value of the property. See http://www.fema.gov/severe-repetitive-loss-program.

8  Condominium, single or multi-family home, residential or commercial use, number of floors, with or without a basement, ventilated 
crawlspace, etc. 

9  The discounts given under the Community Rating System are modeled back in to the expected aggregate premium calculation for the 
NFIP by adjusting all premiums upward so that the aggregate premium collected is sufficient to cover expected losses accounting for CSR 
discounts for the CSR discounts. Thus, CRS discounts constitute a relative discount which is adjusted for in the aggregation and is not an 
uncompensated for diminution of income as occurs with other types of non-full-risk class policies. (Andy Neal, FEMA, personal communica-
tion, August 22, 2012).

10  See Hayes and Neal (2011, Appendix).
11  Although risk pooling is used in private insurance, there have been questions about the appropriateness of the breadth (nationwide) of 

NFIP’s grouping of all properties within the same zone classification for the purpose of obtaining a single rate applicable to all properties in the 

http://www.nap.edu/18309


Levees and the National Flood Insurance Program: Improving Policies and Practices

Copyright National Academy of Sciences. All rights reserved.

68	 LEVEES AND THE NATIONAL FLOOD INSURANCE PROGRAM

BOX 5-2 
Average Annualized Flood Losses

Average annualized losses (AALs) due to flooding represent the estimated value of flood losses in 
any given year in a selected region. Analysis of such data provides information on changes in losses by 
geographic area that are useful in identifying loss trends and geographic anomalies in loss patterns. The 
data are also useful to leaders in establishing policies and priorities and developing flood risk management 
strategies. 

FEMA’s Hazus-Multi Hazard (Hazus-MH) offers analysts the opportunity to quantify annualized flood 
losses in a given community over multiple flood recurrence intervals. The Hazus-MH program, which can 
calculate damages, casualties, and economic losses, is based on national data from U.S. government 
agencies. It may also use, when available, higher resolution data available within the communities. For 
flood AALs, it calculates losses under each of five flood recurrence intervals (10, 25, 1.0, 0.5, and 0.2 an-
nual chance floods or 10, 50, 100, 200, and 500 years, respectively) and then multiplies the loss values by 
their respective annual frequencies of occurrence, then summing the values for an annual average. This 
approach is focused on the recurrence intervals within the bounds of FEMA FIRMs’ upper delineation, the 
0.2 percent flood. Additional calculations using recurrence intervals for extreme events (>0.2 percent) would 
provide a more robust portrayal of the potential AALs but would likely increase the costs of the AAL process. 

FEMA began the calculation AALs in 2009. Pilot data on flood AALs have been released for initial 
review within the floodplain management community but release of the entire report is awaiting final FEMA 
review. The use of Hazus-MH provides a relatively straightforward and simple but time-consuming method 
of making such calculations. Because the quality and resolution of the data used are subject to considerable 
variation across the country, the resultant AAL figures should be taken as general estimates and not high-
resolution information. Such an approach is appropriate for the management uses envisioned by FEMA.

BOX 5-1 
FEMA’s Community Rating System

FEMA’s Community Rating System (CRS) is a voluntary incentive program that encourages flood-
plain management activities exceeding the minimum NFIP requirements. The CRS has 1,211 participating 
communities among the approximately 21,000 communities participating in the NFIP. However, policies 
held within CRS communities represent 68 percent of the policies in force (Bill Blanton, FEMA, personal 
communication, July 10, 2012). 

Typically, communities receive between a 5 and 15 percent discount for participating in the program 
with a maximum discount of approximately 45 percent (FEMA, n.d.a; Bill Blanton, personal communication, 
July 10, 2012). Discounts are calculated based on a credit point system for actions that help save lives and 
property in the event of a flood—and that exceed the minimum NFIP requirements. There are four catego-
ries of activities that are credited: (1) public information programs that advise the public about the hazard, 
flood insurance, and strategies for reducing the hazard; (2) mapping and regulation programs that increase 
protection to development that postdates existing maps; (3) flood damage reduction programs, such as 
relocating or retrofitting vulnerable structures); and (4) flood preparedness programs, such as flood warning 
and dam and levee safety programs (FEMA, n.d.a). For additional insight regarding the CRS, see Chapter 7. 
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The determination of the components in the above expected-value calculation is as follows: The event fre-
quency (probability) or PELV is obtained by reference to a collection of PELV probability curves created to 
describe the probability of various water depths relative to the 1 percent flood depth, that is, at this property the 
probability of a flood during the year reaching the height +2 (2 feet above the base flood level of the one percent 
annual chance flood) is a certain point on the PELV curve.12 The PELV curves provide probabilities up to the 0.2 
percent annual chance event (flood recurrence interval of 1 in 500 years). For all flood events greater than the 0.2 
percent level, the program assumes a “catastrophic” water depth level by doubling the 0.2 percent depth. Because 
of the low likelihood of this “catastrophic” water depth level and because of the generally small marginal increase 
in the damage assumption between the 0.2 percent water depth and the damage at the assumed catastrophic depth, 
this approximation does not affect the rate significantly. Currently, “residual risk” resulting from the likelihood of 
overtopping a levee, levee failure, human development resulting in other topographic changes affecting inundation 
probability, and so on are not mapped or considered in the PELV determinations (FEMA, 2006).

The second component in the above expected-value calculation, the damage estimate as a function of the water 
depth elevation, or DELV, is based on historical damage data obtained by FEMA associated with different water 
depths in the given zone, and varies with structure content and location. When the NFIP’s historical damage data 
are sufficiently credible13 based on the number of claims and the variability of those claims, the NFIP data are used 
to develop the statistical damage estimate. When historical NFIP data are absent, U.S. Army Corps of Engineering 
(USACE) data are used. When some historical NFIP data are available but are is not fully credible (in an actuarial 
sense), the NFIP program uses a blend of NFIP data and USACE data to determine the DELV variable. This is 
consistent with standard property and casualty actuarial practice in private insurance.14

Once the expected loss is determined, the actual premiums or rates for the NFIP are determined by “loading” 
the expected losses in a manner similar to equation (5-3). Specifically, the charged rate for the group charged at 
the full-risk costs is determined by the formula

	 Rate PELV DELV
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where LADJ is the loss adjustment expense loading, similar to the factor k1 in equation (5-1), and DED is a factor 
that adjusts the DELV variable to compensate for the amount of the deductible chosen (so that the loss actually paid 
reflects the deductible amount) (Hayes and Neal, 2011). The variable UINS represents an adjustment to account 
for the underinsurance amount because not all properties can (or do) insure to their full value. The UINS factor 
is determined by the NFIP using a review of past insurance claims data. Incurred losses are a nonlinear function, 
with most losses being smaller and relatively fewer losses being much larger (i.e., the loss distribution is skewed); 
hence the variable UINS adjusts the loss for the percentage coverage to account for this nonlinearity (Hayes and 
Neal, 2011). This is similar to traditional homeowners insurance. Currently the value used for LADJ is 1.05 and 

zone nationwide, without regard to state or topography. For example, the comparison of losses to premiums over time differs dramatically across 
states even within similar zones. This suggests that some properties in one state are cross-subsidizing other properties in other states because 
they are charged the same rate but have much different loss probabilities or risks (GAO, 2008). In a competitive insurance market with many 
participants, such cross-subsidization would be arbitraged away because an insurer who can identify those policyholders being overcharged 
relative to their risk (the subsidizers) would recruit such policyholders by offering lower premiums until perceived discrepancies disappear. 
Because the NFIP is essentially a monopolistic insurance provider, this cross-subsidization may continue to exist, and innovation to identify 
better pricing methods and cross-subsidization opportunities may not be pursued with the same vigor as in the private competitive market. 

12  The curve for a given flood zone (A01-A30) is based on the difference between the 1 percent flood elevation and the 10 percent flood 
elevation with each policyholder being assigned a PELV curve. The original PELV curves are based on studies conducted at the time the 
program was established. FEMA is currently collecting data to reevaluate the original PELV curves (Andy Neal, FEMA, personal communica-
tion, November 7, 2011). 

13  In actuarial practice “creditability theory” delineates when there is sufficient historical data to give a confident assessment of losses for 
estimation purposes, and how to augment the estimate of loss using auxiliary datasets when there are not sufficient historical data. See Casualty 
Actuarial Society (1990). 

14  The accuracy of the loss data used for determining the values of DELV has been questioned since many entries in the NFIP data set 
obtained from claims history have loss values but are missing data on elevation at the site. In these cases NFIP uses a zero elevation in their 
calculation, which will bias the losses experienced at zero elevation, and distort the DELV curve values. See GAO (2008) for details and refer-
ences to further studies validating this criticism. 
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the value used for DED is 0.98 (Andy Neal, FEMA, personal communication August 22, 2012). Finally, the factor 
EXLOSS represents the expected loss ratio and contingency loading15 and adjusts the rate to accommodate com-
missions, acquisition costs, and other costs such that the rate times the expected loss ratio is sufficient to cover the 
expected loss accounting for the loss adjustment expenses as well as the idiosyncratic choices by the purchaser of 
the deductible and underinsurance amount. Again, this formula is actuarially appropriate given the constraints and 
attributes of the program (absence of bankruptcy risk, ability to borrow from the government, etc.).

Discounted Rates

By statute, Congress mandated that the NFIP make flood insurance available to certain properties at less than 
their full-risk rates, that is, at discounted rates below those specified by equation (5-2). This occurs. for example. 
if (1) a structure was built before the flood insurance maps were available, that is, it was a “pre-FIRM” (Flood 
Insurance Rate Map) structure or built before December 31, 1974; (2) a structure was built in a V zone before 
1981 and before maps that consider wave height were adopted in setting flood insurance rates; (3) a structure is in 
an AR or A99 zone for levees in the course of reconstruction or construction (so their current actuarial risk does 
not correspond to their current risk charge); or (4) the policyholder participates in a group flood insurance policy. 

Discounts for structures that were built pre-FIRM or where the NFIP does not have any elevation informa-
tion are by far the largest group—with 1,082,201 policies or a little less than 20 percent of policyholders. Only 
7,508 policies are discounted because of entering the program prior to including wave height in rate setting, that 
is, pre-1981 V zones. Discounted rates are applied to approximately 24,907 policies for property owners behind 
levees in construction or deaccredited levees but where the community is showing a good-faith effort to construct 
levees or repair the levees (AR/A99). 

Pre-FIRM Policies

The largest group of discounted policies consists of those that predate the existence of the flood insurance maps. 
By legislative directive, pre-FIRM policies were given a discount in order to encourage community participation 
in the NFIP, to help maintain property values for homeowners who might not have known of their flood risk at the 
time of purchase, and to encourage NFIP participation among those with a higher risk of floods (Michel-Kerjan, 
2010). Currently, of the 5.6 million NFIP policies, there are 1,082,201 or approximately 19.3 percent of the poli-
cies that are pre-FIRM discounted policies (Andy Neal, FEMA, personal communication, July 19, 2012). These 
can be further decomposed as

•	 736,066 single-family policies (150,674 of those are nonprincipal residences),
•	 82,387 nonresidential policies (commercial) policies, 
•	 93,669 multifamily (non-condominium) policies, and
•	 170,079 Residential Condominium Building Association policies (corresponding to 11,516 contracts or 

condominium buildings). 

By statute, highly discounted premiums have been made available for pre-FIRM buildings in the Special 
Flood Hazard Area (SFHA). Not all structures that were built in SFHAs prior to the FIRM are discounted, how-
ever, because some structures meet more stringent building codes and qualify for better rates on a full-risk basis 
because of elevation above the base flood level than they would receive taking the discount off the higher SFHA 
rate. For the discounted older buildings, the average full-risk premium is about five times greater than the average 
full-risk premium for compliant buildings. With the discounted premium level, the noncompliant NFIP discounted 
buildings only pay between 40 percent and 45 percent of what they should pay would they be charged using the 
actuarially determined full-risk premium for being in the SFHA. Even so, their discounted premiums are still much 

15  Currently, the contingency loading incorporated into the EXLOSS factor includes a 10 percent additional load in nonvelocity zones and 
20 percent in velocity zones (cf. Hayes and Neal, 2011).

http://www.nap.edu/18309


Levees and the National Flood Insurance Program: Improving Policies and Practices

Copyright National Academy of Sciences. All rights reserved.

INSURING PROPERTIES BEHIND LEVEES	 71

higher than those that would be paid by actuarially rated policyholders for buildings constructed in compliance 
with the building codes. 

The status of the pricing subsidies given to certain policyholders will change in the future. The Biggert-Waters 
Flood Insurance Reform Act of 2012 included provisions that were intended to help the fiscal soundness of the 
NFIP by eliminating certain pre-FIRM discounts and increasing the ability of the NFIP to raise rates to achieve 
fiscal soundness (Nechamen and Inderfurth, 2012). Effective July 1, 2012, pre-FIRM discounts are being removed 
from certain types of properties, with permissible increases in their flood insurance rates of up to 25 percent per 
year until the actuarial rate level is achieved for the property. Discounted policies losing their discount include 
nonprimary residences (e.g., second homes), severe repetitive loss properties,16 all business properties, homes that 
have had substantial damage or improvements (of over 30 percent of the market value of the property) after the 
implementation of the Act, and several other classes of properties (Nechamen and Inderfurth, 2012). 

Group Flood Insurance Policies

A group flood insurance policy is a discounted policy offered after a presidentially declared flood event for 
property owners who qualify for federal individual assistance. Qualifications include low-income property owners 
who do not qualify for a Small Business Administration disaster loan. On a one-time basis, owners are provided 
by FEMA with a 3-year policy with a coverage amount equal to FEMA’s Individual and Households Assistance 
Program maximum (currently $31,400). The policy premium is set according to 44 CFR §61.17 at $600 per year, 
which is typically subtracted from the insurance adjustment payment received in the event of a loss (Andy Neal, 
FEMA, personal communication, January 15, 2013). Approximately 42,000 group flood policies were issued in 
the wake of Hurricane Katrina. These policies will eventually become nondiscounted and will be charged actuarial 
rates, and so they constitute a short-term imbalance, but new group flood insurance policies will be created as new 
floods occur (continuing to affect the fiscal soundness of the NFIP).

Grandfathered Rates

Grandfathered policy rates are applied to certain policies when revisions to FEMA’s FIRMs result in increased 
premiums. Unlike the discounts described above, grandfathering is achieved through cross-subsidies with other 
policyholders. Grandfathered rates are available to structures that were built in compliance with a particular map or 
to structures that purchased a policy prior to the revised map’s effective date, and whos purchasers have maintained 
continuous coverage since the map change. Grandfathering can apply to both the flood zone changes, resulting in 
zone grandfathering, and the one percent flood elevation changes, resulting in elevation grandfathering. 

The most common form of zone grandfathering occurs when a policyholder was once outside the SFHA and 
paying a lower rate, but is now included in the SFHA because of to remapping. In this case, non-SFHA to SFHA 
zone grandfathered policies do not pay the lower preferred risk policy (PRP) non-SFHA rate. Instead they pay an 
average rate, called the X zone standard rate that is sufficient for the spread of risk for all non-SFHA to SFHA 
zone grandfathered structures. Effective October 1, 2010, FEMA introduced a 2-year PRP extension, allowing 
structures that were recently mapped into the SFHA to use PRP rates for a limited, 2-year period before moving 
to the higher X zone standard rate. This was achieved through a cross-subsidy by increasing the premium for all 
PRP policyholders. Approximately 90,000 PRP 2-year extension policies have been issued. There are approxi-
mately 1.6 million non-SFHA PRP policyholders (Andy Neal, FEMA, personal communication, August 9, 2012). 

Zone grandfathering can also occur when a policy moves from a lower risk zone to a higher risk zone, for 
example, from an AE zone to a VE zone. In this case, the grandfathered structure pays the lower AE zone rate. 
Elevation grandfathering applies when new maps increase the elevation of mapped 1 percent flood without chang-

16  The Biggert-Waters Act defines severe repetitive loss properties as those that have “incurred flood-related damage (i) for which 4 or more 
separate claims payments have been made under flood insurance coverage under this title, with the amount of each claim exceeding $5,000, 
and with the cumulative amount of such claims payments exceeding $20,000; or (ii) for which at least 2 separate claims payments have been 
made under such coverage, with the cumulative amount of such claims exceeding the value of the insured structure.”
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ing the zone. For example, a property that was 3 feet above the 1 percent flood elevation according to the previous 
FIRM and is now only 1 foot above the 1 percent flood elevation according to the revised FIRM would be eligible 
to use the +3-feet rate. FEMA is currently engaged in a study to quantify the number of zone and elevation grand-
fathered policies (Andy Neal, FEMA, personal communication, August 9, 2012). 

The use of grandfathered rates does allow the grandfathered properties pay a lower rate than they would pay 
if the property were truly risk rated, and hence grandfathering implies that not all properties having the same NFIP 
premium are actually of the same risk level. This is a move away from risk-based pricing. Because properties 
receiving a higher risk classification under the Map Modernization program continue to receive insurance at the 
lower, pre-Map Modernization rate in spite of their now-recognized higher risk, the effect is similar to subsidiza-
tion in that some properties are not charged their risk-based price, but rather the price that would have occurred if 
they had remained in their previous risk classification. Moreover, the grandfathered status continues indefinitely, 
even upon sale of the property (GAO, 2008).

Expected Annual Income from Premiums from the NFIP

To ensure an adequate aggregate expected annual income from premiums for the NFIP as a whole, the pre-
miums are adjusted for the discounted risk classes. First, the aggregate expected full-risk premium anticipated 
to be received using the rating formula for the nondiscounted classes is calculated, the calculated base rates for 
the subsidized classes is added in, and then this value is subtracted from a calculated target “average historical 
loss year” value. The resulting difference is then used to determine an upward adjustment of rates among the 
discounted classes so as to accomplish a balance between the total anticipated income received and the targeted 
average historical loss year cost set by the NFIP. Note that by this process, some properties will be paying more 
than their actuarial rate. 

There is a problem with this method, however. As noted by the Government Accountability Office (GAO) 
the“average historical loss year value is calculated using loss data over a limited loss experience time frame coupled 
with extreme loss values, such as the 2005 loss year (Box 5-3), which are heavily discounted when input into the 
historical loss year calculation (GAO, 2008).17 Thus, this historical loss year average value may balance the books 
in an historically typical year, but this value is neither a reasonable estimate of either actual historical average yearly 
losses (which now do include catastrophic loss years such as 2005), nor a reasonable long-term estimate of the actual 
expected future loss because it diminishes the impact of real or anticipated catastrophic loss events that have hap-
pened in the past and can be expected to happen again in the future.18 The method used to calculate the average 
historical loss year ensures that in the long run there will be inadequate premiums collected to cover costs 
in significant flood years.19 Even with the mandate in the Biggert-Waters Act that catastrophic loss years be fully 
incorporated into the NFIP calculation of the “historical loss year average,” there is still a potential long-run shortage 
becausee larger but less frequent catastrophic floods (500-year floods, 1,000-year floods, etc.) may not have been 
recorded in the flood record at a particular location (although their likelihood might be modeled), yet these events 
might occur in the future. Hence, the historical average does not reflect the real expected long-term average loss. 

NFIP’s Approach to Insurance Compared with Private Insurer Approaches

Insurance companies started to appear in the United States in the mid-1700s but did not expand rapidly, and 
encountered many bankruptcies at first. Early insurers were small, localized in geographic coverage, and usually 

17  For example, since 2007 the catastrophic losses from the 2005 year were given only a 1 percent weight in the historical loss averaging 
process in “an attempt to reflect the events of 2005 without allowing them to overwhelm the pre-Katrina experience of the Program” (Hayes 
and Neal, 2011).

18  The full-risk class and the risk classes outside the 100-year flood level have premiums calculated using formula (5-2) and already incor-
porate the possibility of catastrophic risk. 

19  FEMA itself recognized the inadequacy of using the mandated “historical average loss year” goal in premium setting even prior to the 
dramatic 2005 losses. From the NFIP’s 2004 Annual Rate Review, “[t]he underwriting experience period has, to date, included 7 heavy-loss 
years. Despite these heavy-loss years, the absence of extremely rare but very catastrophic loss years leads to the conclusion that the historical 
average is less than what can be expected over the long term” Hayes and Sabade (2004).
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BOX 5-3 
The 2005 Loss Year

The record-breaking hurricane season of 2005 included five Category 4 and 5 hurricanes—Dennis, 
Emily, Katrina, Rita, and Wilma—that battered the Gulf Coast of the United States along with neighboring 
countries. In addition, the Los Angeles River experienced flooding in January 2005, and there was flooding 
in New England and the Mid-Atlantic during October 2005 caused by excessive rainfall due to a subtropical 
depression, Tropical Storm Tammy, and another tropical disturbance. The NFIP experienced an unprec-
edented amount of paid losses, 212,235 claims, totaling over $17 billion (Figure 5-1). 

FIGURE 5-1 Loss dollars paid by the NFIP per calendar year. 
SOURCE: http://www.fema.gov/policy-claim-statistics-flood-insurance/policy-claim-statistics- 
flood-insurance/policy-claim-13/loss.

specialized in a single type of insurance (e.g., fire insurance). Thus, initially, private localized insurers were reluc-
tant to include flood coverage because of potential highly correlated losses and catastrophic total loss payment 
possibility (floods would simultaneously affect many of their customers, undermining the law of large numbers 
and central limit theorem for advantageous risk pooling) and because of the lack of ability to calculate appropriate 
actuarial rates that were protective of the insurer and at the same time affordable to the policyholder. Additionally, 
moral hazard and adverse selection considerations would imply that in a voluntary market the higher risk properties 
would disproportionately seek insurance and those that had insurance would be less motivated to take precautionary 
measures if they had insurance coverage. Nevertheless, in the late 1920s, there were still several dozen insurers 
willing to sell flood insurance, perhaps in part because USACE had declared in 1926 that improvements had been 
made to the levee system sufficient that they could now “prevent the destructive effects of floods” (Daniel, 1977; 
see also Moss, 1999; King, 2005). 

The problems with private companies writing flood insurance policies were brought home dramatically by the 
great Mississippi River flood of 1927 and other riverine flooding in 1928, so that all of these several dozen insurers 
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stopped writing flood policies (King, 2005). Private flood insurance has been essentially unavailable in the United 
States for residential property since then (Browne and Halek 2010). The previously described ideal characteris-
tics needed for a risk to be privately insurable are simply, to a large extent, missing in flood risk (Baranoff et al., 
2009). According to William Hoyt and Walter Langbein in 1955, floods “are almost the only natural hazard not 
now insurable by the home — or factory owner, for the simple reason that the experience of private capital with 
flood insurance has been decidedly unhappy” (Moss, 1999).

The lack of availability of flood insurance did not stop floods from occurring, nor did it stop development in 
flood-prone areas.20 Such flooding motivated the federal government to provide aid to the victims as a humani-
tarian action. Over time the post-disaster aid moved increasingly away from being primarily provided by private 
charities (e.g., the Red Cross provided most of the relief in the 1927 Mississippi River flood) to a more central 
role for federal assistance (Moss, 1999). Indeed, the federal government has had an ever-increasing role in provid-
ing disaster relief after floods, and this increased involvement in after-the-fact emergency aid to disaster victims 
prompted Congress to investigate creation of a federal flood insurance program that could be considered as a form 
of preloss financing (Moss, 1999). Whereas private insurers feared the catastrophic and highly correlated nature 
of flood losses to local insurers, a federal program could spread risk nationwide and could make premiums more 
affordable by not charging (and reserving) for periodic very large disasters. Moreover, the federal government has 
the ability to mandate purchase, mitigating the adverse selection problem, and enforce building codes, mitigat-
ing some of the moral hazard problems. In 1968, Congress passed the National Flood Insurance Act21 with the 
goal of creating a preloss (insurance) financing arrangement that would lower post-loss disaster relief, encourage 
responsible development in floodplain areas, and encourage maintenance of flood control operations (e.g., levees).

Browne and Halek (2010) give a comprehensive review of the developments in the federal flood insurance 
marketplace since the passage of the 1968 law creating the NFIP. Moreover, the challenges reaching the origi-
nal legislative goals of the NFIP and the various legislative flood insurance law changes enacted to address the 
shortcomings are detailed in other sections of this report. It remains true, however, that for the reasons previously 
stated, the private market for flood insurance is still problematic. Private flood insurance is primarily available to 
commercial businesses that can demand flood coverage as part of a larger insurance program that includes “all-
risk” coverage.22 The NFIP remains the primary source of flood insurance for almost all homeowners and small 
businesses. However, there are a limited number of private insurance companies that offer flood insurance coverage 
for homeowners and small businesses as excess protection above the NFIP coverage limitations. 

There have been many criticisms of the NFIP based on the perception that it does not operate like a private 
insurer, and impressions of how it should operate are based on notions of how private insurance operates. For this 
reason, and to set expectations of what is and is not possible for the NFIP in perspective, it is useful to compare 
the NFIP operation with those that occur in a private insurance setting. Toward this end, it is important to note 
that there are several ways in which the NFIP operates and prices risks that differentiate it from how a commercial 
insurer would price similar flood risks. These are in part due to the governmental nature of the NFIP which has 
different goals and constraints than private insurers, and these differences are briefly detailed below. 

First, and importantly, commercial insurers must manage their capital reserves to ensure that they are able 
to honor their commitment to claims payable for policies in force at any one moment and to remain solvent for 
paying future claims. This is especially a challenge for any peril that has a potential for a major loss aggregation, 
of which flood is one of the greatest challenges. The private insurance industry is heavily regulated to ensure that 
policyholders can be confident that insurers will be able to honor claims made for the coverage they have purchased.

Commercial insurers also consider the time value of money and discount losses from the time of occurrence 
(Ti) to the time of premium payment using a discount function, V(Ti) that reflects their cost of capital, per equation 
(5-1). In the NFIP, the time value of money is not considered, and no adequately large contingency reserve has 
been set up to pay future claims because FEMA is backed by the U.S. Treasury Department should the premiums 

20  Along this line, Moss (1999) quotes a congressional task force (U.S. Congress, 1966) as recognizing this problem when they observed 
“Floods are an act of God; flood damages result from acts of men.”

21  Public Law 90-448.
22  “All-risk” or “all-peril” policies cover any fiscal loss unless it is specifically excluded in the policy. 
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collected prove insufficient to pay claims. Indeed, if the NFIP had been able to set up a contingency reserve fund 
that grew large enough during noncatastrophic loss years to be able to fund the losses in catastrophic loss years, 
the “perceived excess” might be reclaimed and spent elsewhere in the federal budget. By contrast, private insur-
ers must be self-sufficient and hence must consider the time value of money and the cost of capital and set up a 
reserve to forestall insolvency.23

Next, while the NFIP sets premium rates (for the full-risk class) sufficient to pay its own expected claims 
(including catastrophic claims), the classes of subsidized policyholders paying discounted prices makes no allow-
ance for extreme nonhistorical-average-loss years in the premium calculation for the discounted classes. As noted 
above, the method used to calculate the average historical loss year for the NFIP ensures that in the long run there 
will be inadequate premiums collected to cover costs in significant flood years. A private insurer would not use this 
financially unsound, downwardly biased risk premium method without facing the extreme uncertainty of returns 
and danger of future insolvency.

Another difference between NFIP and a private insurer is that there is no profit factor loading in the formula 
for premium setting by FEMA. It can be argued that elimination of the profit loading factor might make sense for 
governmentally run programs because the objective function of a governmental program is different from that of 
a for-profit insurance firm. Additionally, NFIP does not need to compete in the capital markets to attract investor 
funds,24 and the issue of NFIP loss-induced insolvency and continued survival are not issues for the government-
run program because of the financial backing of the government and its taxing authority. Moreover, neither is the 
profit or return on capital investment an objective of the government-run program, but rather the government has 
a societal welfare objective function (rather than a “profitability” objective function).

Since its formation the NFIP has had an objective of encouraging participation in the program, motivating 
community building standards, and making premiums affordable. Affordability of premiums has been and con-
tinues to be a prime concern of FEMA and is one important motivation for allowing discounts and subsidies in 
the program and for not adjusting premiums upward to reflect periodic catastrophic losses. To “load” the pure 
premium sufficiently to allow the NFIP to withstand reasonably anticipated, low-probability catastrophic losses 
(such as those in 2005 and worse) would require substantially elevated premiums. Setting aside such catastrophic 
contingency reserve capital, as would be necessary to endogenously withstand the financial consequences of cata-
strophic flooding, could undermine the societal welfare objective of encouraging community participation because 
premiums would necessarily rise, sometimes significantly, making some policyholders drop out of the market. 

Moreover, given the parallel involvement of the government in flood disaster relief (separate from insur-
ance), from a governmental perspective there is a natural trade-off between insurance pricing and disaster relief 
costs. Either way, the government pays (Czajkowski et al., 2012). Suppressing current insurance premiums and 
not allowing the buildup of large contingency reserves for future claims payments will lower current premium 
costs, encourage participation in the NFIP, and reduce the amount of disaster relief needed from the government 
after a flood. On the other hand, such a strategy of suppressed rate setting runs the inevitable consequence of 
periodic subsidization of the NFIP in catastrophic loss years. This is another issue that makes the NFIP rate-setting 
methodology differ from private insurers’ rate-setting methodology, in part due to the governmental backing and 
differing objective function. 

Further compounding the issue, the dual role of the government in providing both flood insurance and flood 
disaster relief (even to those who did not purchase insurance) presents what Browne and Hoyt (2000) refer to as 
“charity hazard” wherein the individual does not have the motivation to take proactive steps (such as risk financing 
or insurance purchase) when they believe that after an event they can depend on the charity of others (the govern-
ment, charitable organizations such as the Red Cross, etc.). Although in truth the amount of money received by 

23  Under provisions of the Biggert-Waters Act, FEMA is to establish a National Flood Insurance Reserve Fund that contains at least 1 per-
cent of the total potential loss exposure funded by putting in 7.5 percent of the required amount each year until fully funded (Nechamen and 
Inderfurth, 2012). A reserve level of 1 percent of expected annual losses would still not be considered prudent in private insurance.

24  It could be cogently argued that the requirement that the NFIP pay back with interest the U.S. Treasury for the funds borrowed after the 
catastrophic 2005 loss year implies that they do indeed have a cost of capital. Interest rates on this debt are now relatively low (0.25 percent) 
but have been as high as 4.875 percent (Hayes and Neal, 2011). 
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the flood victim is much larger and more rapidly delivered with flood insurance, the perception of many is that if 
a flood occurs, the government will fully compensate victims. 

Arguing in favor of building a catastrophic contingency reserve and/or putting a profit loading factor into the 
rating formula is the reality that, although FEMA was able to borrow money from the U.S. Treasury to finance the 
losses experienced by the NFIP in the catastrophic loss year 2005, the program is now being required to repay this 
“loan” back to the Treasury with interest. This directive could mean raising premium levels on new and current 
policyholders to pay back the loan and interest, which is again contrary to the objective function of the NFIP to 
encourage participation and make premiums affordable. Moreover, should interest rates rise from their current very 
low levels, it may be unlikely for NFIP (i.e., policyholders) to pay the interest on the loans from current revenue.

Actuarial Soundness Versus Fiscal Soundness of the NFIP

There has been much discussion concerning the actuarial soundness of the NFIP since the NFIP is required 
by law to promulgate rates that have actuarial soundness (Mathewson 2011). Some, such as the GAO (2008) , 
specifically state that “[t]he program is not actuarially sound.” Even actuaries at the NFIP (Hayes and Neal, 2011) 
state: “Because the NFIP, as explained above, charges highly discounted premiums for many older buildings, it is 
currently impractical for the NFIP to be actuarially sound in the aggregate.” The notion of actuarial soundness in 
the context of the NFIP, however, is somewhat subtle and elusive because of the differences described previously 
between a government-run program with mandated discounts, no profit requirement, no significant interest income, 
and reliable, significant borrowing power and the private sector from which the notions of actuarial soundness 
arose and are routinely applied.25 

Indeed, even within the private insurance market, a precise definition of “actuarial soundness” in the Prop-
erty and Casualty Insurance industry could not be found by the Actuarial Soundness Task Force of the American 
Academy of Actuaries,26 although hints at what might be meant can be gleaned from the use of the term in the 
context of actuarial statements of principles. These principles include the following: 

1.	 an actuarial rate should reflect the expected value of the insured risk; 
2.	 a rate should be an estimate of the expected value of future costs, accounting for all costs associated with 

the transfer of risk; 
3.	 a rate should provide for the costs associated with an individual risk transfer; and 
4.	 the rate should be reasonable and not be excessive, inadequate, nor unfairly discriminatory (Mathewson, 

2011).

These principles imply, in particular, that revenues collected should be sufficient to pay future losses for the 
class from whom premiums were collected. Moreover, the rates charged should be determined in such a manner 
as to be reasonable, and be calculated in a statistically valid manner reflecting the expectation of future loss costs 
for the classes used as groups for pooled risk underwritten. In the context of private insurers, these statements 
make good sense, especially since insurance is a future performance-contingent claims contract, with governmental 
regulations directed especially toward ensuring the ability of the private insurer to remain solvent and pay future 
claims. This is much less of (or perhaps not even) a consideration in the governmentally backed NFIP where the 
ultimate payment of the claims is not in question, profit is not a motive, and other objectives dominate.

To achieve actuarial soundness, predictability, and affordable rates, private insurers use risk pooling (over 
either policyholders such as occurs in automobile insurance or commercial general liability insurance, over space as 
occurs in property insurance, or over time such as occurs in life insurance, or some combination of these techniques) 
to hedge, spread, diversify, or pool risk so that in the aggregate the premiums collected would be sufficient to pay 

25  The NFIP can collect interest when there is a surplus in the fund, but its borrowing authority is legislatively set and was significantly 
raised in the wake of hurricanes Katrina and Sandy.

26  “Unlike the Health actuarial practice . . . , the Actuarial Standards of Practice applicable to property/casualty practice do not directly 
define the term actuarially sound or actuarial soundness” (American Academy of Actuaries, 2012).
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expected losses. The NFIP on the other hand operates as a governmental entity in a more political environment. 
One result of this more political influence is that the NFIP does not adopt any of these approaches. The program 
does not adopt risk pooling across properties (as some are offered discounted rates and the lost discount dollars 
are not recovered from other policyholders in the risk pool), and risk is not pooled over time because no sufficient 
reserve fund is set up using surplus in 1 year to compensate for losses in a subsequent year.27 

Dictated by legislation, the NFIP created a dual system of rate promulgation that is not adequately pooled 
over time, space, or policyholder. The NFIP has essentially a rate classification methodology created by statute 
that creates a “full-risk” rate class (consisting of about 80 percent of the policies) that are charged risk-based (or 
actuarial) premiums and a “discounted risk” class (about 20 percent of the NFIP policies). Because the discounted 
policies are charged premiums that are lower than their expected losses and expenses, and because the difference 
between the full-risk premium for a discounted policy is simply revenue lost to the NFIP (i.e., this lost revenue 
is not compensated for in any other part of the premium structure), the NFIP is, by legislated mandate, fiscally 
unsound in the long run. Congress could have appropriated funds to compensate FEMA for the lost revenue dictated 
by the statutory discounts, and had they done so, the NFIP would be in a stronger fiscal condition. 

The statements of actuarial principles do allow actuaries to use differing models with different assumptions, 
provided they can be reasonably justified and estimate future loss costs in a defensible manner, so the notion of 
actuarial soundness in the context of legislatively mandated discounts can be defended in a governmental context 
apart from strict fiscal soundness that is appropriate for private insurers. For catastrophic governmental insurance 
programs, such as the NFIP, the California Earthquake Authority (CEA), the Texas Windstorm Insurance Asso-
ciation, and others, there are additional mitigating considerations concerning the adequacy of rates since, in the 
event of insufficient funding via the premium collection mechanism, the program may have recourse to alternative 
funding mechanisms (e.g., borrowing from the U.S. Treasury or taxpayers in the case of the NFIP). As stated in 
the Special Report on Actuarial Soundness (American Academy of Actuaries, 2012), 

While not all publicly based catastrophe programs rely on outside sources of funding (e.g., taxpayer dollars or 
assessing a broader policy base), when they do, additional examination is needed to evaluate actuarial soundness.

For example, the setting of discounted rates so as to make the entire NFIP system able to obtain sufficient 
income that the premiums collected are sufficient to cover the “average historical loss year” value described pre-
viously can be construed as a form of directed actuarial soundness appropriate for this government program with 
significant borrowing power and mandated discounted rate classes. It will not, however, be financially sound, nor 
was it ever intended to be. 

An additional consideration that must be added to general actuarially sound rate-setting principles is that the 
rates must be set consistent with the law. Even if one class of insureds has a documented higher expected loss cost 
than another, if the law specifies that the insurance company handle their premium rate setting in a specific manner, 
then the insurer’s rates may not be able to legally reflect these expected loss cost differences. The rates obtained 
following legal dictates and not using this class variable, and the resulting cross-subsidy (mandated by law) would 
not generally be construed as making the new rates actuarially unsound even as they could result in cross-subsidies 
and not strictly risk-based premiums. For example, 60-70 years ago, African American males were charged higher 
rates for life insurance because of having (actuarially or statistically verified) lower life expectancy than white 
males. This process was legally outlawed in the 1960s, but this does not mean that life insurance premium rates 
that now follow the dictates of the law and ignore race are actuarially unsound. Overall prices are adjusted so that 
the entire book of business is balanced, and this is acceptable actuarially.

Thus, the concept of actuarial soundness must be contextualized in the framework of the laws restricting how 
rates may be set. A system may be fiscally unsound because of the inability of the actuaries to charge rates that 
reflect risk in an appropriate manner, but this is different from being actuarially unsound. This is relevant when 

27  Private insurers that write flood risk coverage for commercial clients often use reinsurance contracts to spread the risk, or use catastrophe 
derivatives available in the capital markets to hedge the financial impact of flood risk. However, the NFIP does not use reinsurance or capital 
markets to hedge flood risk.
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discussing the actuarial soundness of the NFIP because, as the Special Report on Actuarial Soundness (American 
Academy of Actuaries, 2012) states:

State and national catastrophe insurance programs present additional points of discussion regarding what constitutes 
actuarially sound cost estimates or rates. Rates may be, by design, subsidized. The programs are generally not de-
signed to generate a profit, and large losses may be funded by alternative mechanisms. 

Indeed, in the case of the NFIP, legal constraints on the premiums that can be charged to certain groups of poli-
cyholders constitute an economic externality on the cash flow such that the program’s financial viability would 
be threatened were it to rely solely on its own generated premium income. Financial soundness and actuarially 
soundness are coincident in private insurers, but they need not be in governmental insurance programs. In pri-
vate insurance when regulations on pricing suppress prices so as to constrain the insurer to charge insufficient  
rates, they have the option to drop out of the market and stop writing business.28 The NFIP and other govern-
mental programs cannot make this decision on their own. Thus, the NFIP uses a general rate-setting formula 
given by equation (5-3) that is consistent with standard actuarial models such as equation (5-1), calculates  
this rate for all properties, but can legally only apply it to the full-risk class. A form of overall balance is tar-
geted via an adjustment of the discounted rates to obtain funding for the average historical loss year discussed 
previously.

For estimation and actual rate-setting purposes, insured properties are cross-classified according to a smaller 
but fixed number of characteristics, grouped into a smaller number of hazard zones and property attributes 
(with basement, multiple story, etc.), and a common nationwide rate determined for each class. According to 
Hayes and Neal (2011), “[t]here are 30 numbered A Zones for which different sets of PELV values may be 
assigned.” However, the risk zones are combined for rating purposes. Combining exposure units according to 
common underwriting characteristics for rating purposes is an actuarially sound manner for setting premiums, 
consistent with methodology used in other insurance settings (although there is always the question concerning 
oversimplification involved in having too few risk classes and consequently too heterogeneous exposure units 
within a given class, creating induced inequities in premiums). In the case of the NFIP today it is argued that 
improved and more accurate graduated risk-based premiums could be achieved by further improving estimates 
of inundation level probabilities (using improved maps or hydrologic studies, incorporating residual risk into 
the probability of inundation of a property behind a levee, etc.), and that improved estimates of the severity of 
the loss accuracy may be obtained using Lidar data (or something similar) to obtain better estimates of structure 
elevation and damage characteristics (Chapter 3). However, these are improvements to an already actuarially 
sound rating method. 

The major structural drawback to the fiscal soundness of the NFIP is not actuarial unsoundness due to inap-
propriate or inadequate rate-setting methodology or inadequacies in using a formula such as equation (5-4), but 
rather the fiscal unsoundness caused by not being able to apply equation (5-4) uniformly across all classes. The 
NFIP-mandated “discounted risk” class was anticipated to eventually decrease substantially over time, and this 
has indeed been the case. Still, there are a substantial number of discounted policies in the NFIP, approximately 
20 percent of the 5.6 million policies. The difference between the full-risk premium for a discounted policy and 
the discounted premium for the policy is revenue lost to the NFIP (this lost revenue is not compensated for in any 
other part of the premium structure). FEMA is legally unable to raise premiums in a manner sufficient to allow 
the NFIP to be financially sound or to build a contingency reserve fund sufficient to pay for a catastrophic future 
loss. Without this ability, the NFIP is destined by law (not by actuarial methodological inadequacy) to run short 
of money in the long run, with occasional dramatic shortfalls (such as occurred in 2005). Furthermore, repetitive 
loss properties continue to drain the fiscal soundness of the NFIP.29 

28  Examples include restrictions on rates in high-risk coastal areas in Texas and Florida that drove insurers from the market, or in automobile 
insurance in Massachusetts when it was very heavily regulated. 

29  A 1995 Senate Task Force Report, Federal Disaster Assistance: Report of the Senate Task Force on Funding Disaster Relief, noted that in 
1993 repetitive loss properties accounted for 2 percent of the properties covered by flood insurance but accounted for 53 percent of the claims 
filed and 47 percent of the dollars paid from the Flood Insurance Fund (Moss, 1999). 

http://www.nap.edu/18309


Levees and the National Flood Insurance Program: Improving Policies and Practices

Copyright National Academy of Sciences. All rights reserved.

INSURING PROPERTIES BEHIND LEVEES	 79

The NFIP is constructed using an actuarially sound formulaic approach for the full-risk classes of 
policies, but is financially unsound in the aggregate because of constraints (i.e. legislative mandates) that 
go beyond actuarial considerations. Parts of the Biggert-Waters Act that relate to adjustment of fiscal practices, 
discussed above, move the program toward a financially sounder approach. 

Improving the NFIP Rate-Setting Process: Incorporating Technological 
Improvements to Better Obtain Risk-Based Premium Structures

While the mathematical construction used by the NFIP in determining their risk rates is based on actuarially 
sound principles as applicable to a government program, these processes and procedures could still be enhanced 
and aligned with a more rigorous and risk-based methodology by using finer graduation of risk propensity at 
the individual policyholder’s structure level. Although the NFIP currently uses a small number of zones for 
nationwide pricing purposes, the suggested finer graduation would not be foreign to the NFIP. According to 
GAO (2008): 

NFIP implemented the nationwide class-rating system because of the nature of the program and the desire to make 
it less complex and easier for agents and customers to understand. In the early years of the program, rates were set 
on a community-by-community basis. But as the number of communities participating grew, this system became 
unwieldy and costly to maintain. 

The complexity, costliness, and unwieldiness referred to above have been alleviated by technological and 
computer advancees that could allow agents and customers to interactively obtain structure-specific premium 
quotes online in real time. Additionally, existing advances in meteorologic and geotechnical modeling can allow the 
underwriter to model the likelihood and severity of flood damage individually so the complexity of the calculation 
or the number of zones is no longer a compelling factor at the agent or customer level. These advancements were 
not available in the 1960s when the core structure of the risk-based pricing framework was originally developed 
but can be utilized now to improve the system. 

Although the general form of the rates given in equation (5-3) is actuarially based, in practice the implemen-
tation using a small number of zone categories and homogeneity of premiums within any given zone across the 
entire nation ignores differences within contiguous zone properties and makes the premium determination cruder 
and less directly risk-based than they need to be given today’s knowledge and technology. Currently, the following 
zone categories are used:30 

1.	 coastal, V Zone, within the 100-year flood frequency zone and subject to wave action or velocity-induced 
damage;

2.	 inland, A Zone, within the 100-year flood frequency zone but not subject to wave action or velocity-induced 
damage; and

3.	 all other, X Zone, which includes other flood zones and those outside identified 100-year flood zones 
(considered to be of low or moderate flood risk). 

Properties that are located behind levees are placed in one of the last two categories. If the levee is accredited 
by FEMA to the one percent annual chance flood level, the “all other” or X zone category is applied. If not, the 
property is considered in the category that would apply without the levee being there. It can be argued that this 
approach to properties behind levees is appropriate based on the size of flood needed to create damage (over the 
one percent annual chance flood level). However, when viewed from a risk assessment perspective, it is apparent 
that the range of potential scenarios behind a levee and the loss corresponding to properties behind 100-year levees 
is very different from the loss that occurs from floods on the adjacent natural floodplain above the 100-year flood 
level (Figure 5-2). 

30  There is also a preferred risk policy available to properties in lower-risk areas with a minimal loss history.
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The current process can sometimes result in dramatic premium changes occurring for rather small perturba-
tions in actual risk (e.g., changing the protection level of a levee from the 100-year level to the 99-year level, or the 
determined elevation level of a structure from −1 foot to +1 foot above the base flood level). Two houses next door to 
each other can have one just above the one percent annual chance flood level (and have no mandatory flood insurance 
mandate, and a low-priced policy if the property owners do decide to buy) while the house next door is just inside 
the 100-year floodplain and is charged much higher rates (and is required to buy insurance). In reality, both houses 
are exposed to essentially a similar hazard, but are treated differently. This abrupt change in rates and mandates that 
corresponds to being inside or outside the one percent annual chance floodplain as specified by the FEMA flood map 
has created problems as new maps are produced that change a community or set of properties from a moderate-risk 
zone to a high-risk zone. Even within the full-risk class the actuarial accuracy of the pricing within the program could 
be improved by incorporating more exact and detailed probability-of-inundation calculations instead of using a small 
number of rating zones and assuming the flood hazard to be uniform across the entire zone across the entire country. 
Better estimates of loss at stated water inundation levels is also possible utilizing more detailed economic damage 
models that are now available (and used in the private risk market). The use of more detailed and better probability 
models and better damage estimates will result in a more risk-based premium at the structure level. 

One problem resulting from the very small number of zones and the special attention given to the 100-year 
floodplain is that in many respects the pricing mechanism in the NFIP today is based largely upon whether the 

FIGURE 5-2 Notional schematic illustrating the damageability (or vulnerability) curves associated with example properties. 
The properties in the 100-year zone are prone to initial damage more frequently (the V Zone has increased damage due to 
wave action which has the potential to cause structural damage). The property in the 500-year zone does not experience loss as 
frequently, but the impact of flooding results in a similar profile of loss as the water depth increases. The property behind the 
levee has the advantage of no damage until the levee is overtopped or fails (similar to a property located outside the 100-year 
flood zone). However, once the water depth increases above the 100-year level, the potential loss to properties could be far more 
severe than if the levee was not there, and certainly more severe than that to properties located at elevations above the 100-year 
flood level. This is due to the fact that when the levee is overtaxed, water flow is likely to be rapid (similar to the coastal V 
zone) and the water level may be significantly deeper if the area behind the levee is at a low elevation compared with the levee. 
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structure’s location is inside or outside the SFHA on the NFIP’s flood maps. Premiums outside the 100-year 
floodplain on the map are much less expensive than those inside the 100-year floodplain, even if outside by only 
a foot. Requirements are different too. In general, if a structure is located inside a 100-year floodplain, there is a 
mandatory flood insurance purchase requirement associated with being inside the SFHA. On the other hand, if a 
structure is located outside the 100-year floodplain, mandatory purchase is waived. 

For NFIP insurance pricing purposes, an area within a 100-year floodplain that is located behind a 100-year 
levee is treated riskwise (and premium-wise) as equivalent to being outside the 100-year floodplain area. Thus, the 
flood insurances premiums are lower (and purchase is voluntary) when behind a certified 100-year levee. If the 
exact same property were protected by a 99-year levee, it would be treated for NFIP purposes as if the levee did 
not exist (i.e., that the levee is providing zero protection), and purchase of flood insurance at the higher “without 
protection and within the 100-year floodplain” rate is mandated. Rates and mandates change dramatically depend-
ing upon whether a structure is behind a 99-year levee (the X Zone for pricing purposes) or a 100-year levee (the 
A Zone for pricing purposes).

An additional problem with the current NFIP structure is that, because of the small number of zones, there 
can be substantial internal variation in risk and losses within the zone that is not reflected in rates, since all similar 
properties are charged the same rate within the same zone classification. Structures having similar characteristics 
located at different locations in a particular designated flood zone (say, the X500 zone of moderate flood risk 
between 100 years and 500 years) are all given the same NFIP insurance rate nationwide, even though it has been 
shown that there can be substantial risk differences across the zone within a given geographical area (such as a 
county) (Czajkowski et al., 2012). Even more expected loss variation exists across similar structures in the same 
zone classification between counties within the same state (Czajkowski et al., 2012) although the NFIP would 
charge all of the structures the same rate. Differences in loss ratios for policies within the same NFIP rating zones 
across states can also vary greatly (GAO, 2008). Thus, the current system oversimplifies the rating structure (by 
forming a nationwide zone classification) resulting in rates that are not truly individual risk-based, and instead have 
premiums set that have been aggregated over properties having dissimilar loss structures. This results in imbedded 
cross-subsidies between properties within the same risk classification. Additionally, the dramatic changes in rates 
that arise from moving between the few rating zones does not recognize the continuous nature of the flood risk. 
Rate setting for properties behind levees, accredited or not accredited, should be improved by using the 
modern risk analysis method employing advances in hydrology, meteorology, geotechnology, and engineering 
to more precisely calculate the probability of water inundation levels and the associated damage estimates 
throughout the area behind the levee in a graduated fashion. This will replace the current approach and more 
appropriately reflect the risk. One then gets a gradation of probabilities that can differ from property to property 
even within the same geographic area or flood zone (the PELV variable in equation (5-2).

Likewise, modern Lidar imaging technology can be used to obtain a property-specific assessment of the 
elevation of each property rather than using a similar value for all structures in the zone being priced. This Lidar 
information, together with other currently used underwriting information, such as existence of a basement, mate-
rial structure of the building, and contents located above the first floor, can be used to obtain a better estimate of 
the expected loss or damage to the specific property at each location (the DELV variable in equation (5-2)). In 
this case, the resulting premiums determined for a property behind a 99-year levee could be very similar to the 
premiums determined for a property behind a 100- or a 101-year levee, and premiums could be allowed to vary 
continuously across properties within the same zone. In essence, this process moves the premium setting from 
a binary model (inside or outside the 100-year flood zone) to a graduated model with premiums varying more 
continuously as risk profiles change continuously. Many of the challenges that occur when new FIRMs are created 
that are due to the without-levee approach of the rating process could be alleviated by implementing a continuous 
premium structure of the type described above using modern assessments of probability of water inundation levels 
at the specific property and modern assessment of the elevation of properties as described in Chapter 3. A gradu-
ated and risk-based probability assessment and severity assessment would move the process from a without-levee 
approach (in the X zone, out of the X zone) to a dial approach with a large array of probabilities and severities 
that are determined for each property, allowing a property-specific calculation of the expected loss per property 
by flooding. In this context, not only can floodwater inundation levels be incorporated at the individual property 
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level, but also residual risk such as levee failure due to overtopping, seepage, and so forth can be incorporated. 
This detailed level of probability assessment and damage assessment at the insured-structure level is where NFIP 
needs to head in the long term.31 

Probabilistic risk assessment (PRA) involving Monte Carlo–simulated flood result scenarios is being done 
by private firms such as Swiss Reinsurance and CoreLogic (Czajkowski et al., 2012), and can be adapted to 
work nationwide to price flood insurance in the NFIP. The state of North Carolina has already demonstrated its 
ability to estimate inundation-level probabilities at the structure level, using Lidar or similar technology, and 
estimate structure damage consequences at each water inundation level for any given structure, eliminating the 
need to treat all properties across the nation in the same zone as having equivalent risk and being charged the 
same premium. These are the critical inputs into the actuarial rating formula (5-3), which can now be performed 
even more accurately at the individual-structure level than before, and can provide a more accurate alternative to 
simply aggregating (or averaging) expected loss costs across disparate entities within a grouped NFIP zone clas-
sification. Indeed, Czajkowski et al. (2012) have shown that substantial expected loss differences are discernible 
even within a single-priced NFIP zone inside a concentrated geographic location (e.g., Travis County, Texas), 
and this variability is exacerbated when comparing across disparate geographic areas having the same zone clas-
sification (e.g., Galveston, Texas). Because the same rate is charged by the NFIP to all entities nationally having 
the same characteristics and which are classified as being in the same zone, this can lead to substantial over- and 
undercharging of premiums on a risk basis (GAO, 2008). This can be improved (corrected) using PRA methods, 
resulting in more accurate risk-based (actuarial) pricing within NFIP. Moreover, not all properties in a similar 
zone classification pose the same risk, and charging the same premium across these properties encourages adverse 
selection and does not enhance actuarial soundness of the program. 

To the extent possible to better achieve fiscal soundness, the properties that have been grandfathered 
into the NFIP or that receive discounts due to statutory considerations should have their pricing moved to 
the actuarially based prices using the detailed probability-of-inundation estimates and detailed economic 
damage models. This would strengthen the program and further the goal of risk-based pricing.

ROLE AND UTILITY OF MANDATORY INSURANCE BEHIND LEVEES 

When the NFIP was created, property owners could purchase flood insurance voluntarily. In 1973, Congress 
passed the Flood Disaster Protection Act (Public Law 93-234) finding that, 

(1) annual losses throughout the Nation from floods and mudslides are increasing at an alarming rate, largely as a 
result of the accelerating development of, and concentration of population in, areas of flood and mudslide hazards; 
(2) the availability of Federal loans, grants, guaranties, insurance, and other forms of financial assistance are often 
determining factors in the utilization of land and the location and construction of public and of private industrial, 
commercial, and residential facilities; (3) property acquired or constructed with grants or other Federal assistance 
may be exposed to risk of loss through floods, thus frustrating the purpose for which such assistance was extended; 
(4) Federal instrumentalities insure or otherwise provide financial protection to banking and credit institutions whose 
assets include a substantial number of mortgage loans and other indebtedness secured by property exposed to loss 
and damage from floods and mudslides . . . . 

The purpose of this Act was to 

require State or local communities, as a condition of future Federal financial assistance, to participate in the flood 
insurance program and to adopt adequate flood plan ordinances with effective enforcement provisions consistent 
with Federal standards to reduce or avoid future flood losses; and require the purchase of flood insurance by property 
owners who are being assisted by Federal programs or by federally supervised, regulated, or insured agencies or 

31  In the short or intermediate term the individually assessed expected losses can be used for aggregation to form a smaller set of risk classes, 
each of which is charged an average price. This is different from what is currently being done.
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institutions in the acquisition or improvement of land or facilities located or to be located in identified areas having 
special flood hazards.32 

This requirement is called the Mandatory Purchase Requirement (MPR). Because of the low levels of partici-
pation among eligible property owners and the low NFIP financial reserves, enforcement of the MPR in the SFHA 
was strengthened in the National Flood Insurance Reform Act of 1994 (Public Law 103-325). The National Flood 
Insurance Reform Act increased the responsibilities of lenders by requiring them to escrow flood insurance pay-
ments (if other mortgage-related expenses were required to be escrowed) and notify property owners when their 
policies lapsed. It also instituted penalties for lenders who failed to carry out these requirements.33 In 2012, the 
Biggert-Waters Reform Act strengthened monetary penalties on lenders, including removing the cap on the total 
amount of penalties imposed on a lender in any calendar year. See Table 5-1 for a summary of legislative changes 
related to the purchase of flood insurance from 1968 to 1994. 

As indicated in Chapter 2, following congressional hearings in 1973 that included discussion of the role of 
flood control structures in protecting those behind or below them from flooding, the Federal Insurance Administra-
tion determined that areas behind levees providing protection from the one percent annual chance flood would be 
considered outside of the SFHA, and the MPR and associated land-use restrictions would not apply to properties 
in these areas. This remains true today; property owners living behind an accredited levee (i.e., providing protec-
tion from the one percent annual chance flood) are not subject to the MPR. Areas behind a levee are shown on 
the FIRMs as outside the one percent annual chance floodplain or SFHA, although exceptions do exist (Box 5-4). 

Figure 5-3 illustrates the growth in NFIP policies in force over time. Of note, after the 1994 legislation, 
approximately 1 million new policies were purchased between 1994 and 1997. Also, the great Mississippi and 
Missouri rivers flood of 1993 heightened awareness of flood risk across the nation and most likely had an impact 
on the number of policies. However, after the immediate impact of these two events, the growth in policies leveled 
off from 1999 through 2004, instead of achieving the desired, long-term continuous growth (Figure 5-3). 

In 2004, in the aftermath of Hurricanes Charley, Frances, Ivan, and Jeanne, the NFIP experienced the larg-
est claim year in the history of the program at that time, soon to be eclipsed when Hurricanes Katrina, Rita, and 
Wilma in 2005 resulted in the most significant loss year in the history of the program to that date (Box 5-2). The 
total policies in force grew through 2008, likely as a result of awareness of flood risk after the 2004 and 2005 
events (Figure 5-3). 

The number of NFIP policies in force also varies from year to year as a result of the mix of dropped and new 
policies. A study by Michel-Kerjan et al. (2012) indicates that, based on analysis of policy identification numbers, 
the NFIP adds new policies each year but also loses policies. The analysis indicates that an immediate drop in 
policy retention occurs 1 year after purchase, ranging from 20 to 30 percent between 2001 and 2009 (Table 5-2). 
Cancelations of policies after the first year continue, but are relatively fewer. The average tenure of policies issued 
between 2001 and 2006 was 2 to 4 years (Table 5-2). Policy retention in the SFHA, where the MRP is in place, 
and outside the SFHA, is reasonably similar (Table 5-2). Because of shifts in mortgage ownership and reissu-
ance of policies in states such as Florida and Louisiana where there have been significant post-disaster rebuilding 
and policy migrations, policy identification numbers as opposed to policy addresses may overstate the number 
of structures for which policies were dropped (e.g., when policies are dropped from one company and shifted to 
another.) Of interest, between 2001 and 2009, of 8.36 million new policies purchased,34 41 percent were outside 
of the SFHA, with the highest number of purchases taking place after Hurricane Katrina. Since the properties 
outside the SFHA are not subject to the MPR, it is likely that these purchases represent an awareness of flood risk 
and the lower cost of policies not in the SFHA. 

32  Two other purposes of the 1973 Act are articled, dealing with increasing the amount of coverage authorized under the NFIP and dissemi-
nation of information concerning flood-prone areas. 

33  Section 524.
34  This number is the summation of all the new flood policies in force according to Figure 5-4. 
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TABLE 5-1 Summary of Legislative Changes Related to the Purchase of Flood Insurance, 1968-1994

Legislation

Topic
National Flood
Insurance Act of 1968

Flood Disaster  
Protection Act of 1973

National Flood Insurance  
Reform Act of 1994

Availability of 
flood insurance

Available in 
participating communities

Available in participating 
communities

Available in participating 
communities

Purchase of 
Flood Insurance

Voluntary Mandatory for certain property 
owners:

(a) building or manufactured home 
in or to be located in an SFHA 
in a participating community and 
receiving a loan from a regulated 
lender;

(b) building for which any federal 
financial assistance is used for 
acquisition or construction of a 
building or a manufactured home 
in an SFHA of a community 
participating in the NFIP

Mandatory for certain property
owners:

(a) building or manufactured home 
in or to be located in an SFHA 
in a participating community and 
receiving a loan from a regulated 
lender;

(b) building or manufactured home 
in or to be located in an SFHA in a 
participating community and whose 
loan is purchased by Fannie Mae or 
Freddie Mac;

(c) building for which any federal 
financial assistance is used for 
acquisition or construction of a 
building or a manufactured home 
in an SFHA of a community 
participating in the NFIP

Responsibilities of 
regulated lenders

Not applicable Require flood insurance for 
buildings or manufactured 
homes located in the SFHA of a 
participating community

Ensure that flood insurance is 
maintained on such structures for 
the life of the loan

Determine whether the building or 
manufactured home is, or will be, 
located in an SFHA

Complete a hazard determination 
form

Provide notice of availability of 
flood insurance to borrower, lending 
institution, and loan servicer

Require flood insurance for structures 
located in SFHAs of a participating 
community

Ensure that flood insurance is 
maintained for the life of the loan

Escrow for flood insurance if other 
mortgage-related expenses are 
required to be escrowed

Force place flood insurance in the 
event of nonrenewal or insufficient 
coverage 

SOURCE: Tobin and Calfee (2005).
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BOX 5-4 
SFHA May Exist in Areas Behind Accredited Levees

Flooding can occur from sources other than rivers and storm surge, for example, from heavy rainfall 
or low elevation. A community’s interior drainage system, which can consist of storm sewers, pumping 
stations, and canals, is designed to prevent this type of flooding but can become overwhelmed. Generally, 
this type of flooding is less of a catastrophic problem than, for example, levee failure. 

When FEMA’s FIRMs are developed, an assessment of susceptibility to this type of flooding is per-
formed. Areas behind the levee where susceptibility exceeds the one percent annual chance flood level 
are designated as inside the SFHA even though the area might have an accredited levee. For example, 
much of New Orleans, Louisiana, is susceptible to flooding from interior drainage despite having accred-
ited levees. The pumping system in New Orleans is one of the largest in the world, boasting nearly 100 
pumping stations in the greater New Orleans area designed to handle approximately 9 inches of rainfall 
in a 24-hour period (ASCE, 2007). 

FIGURE 5-3 The total number of NFIP policies in force by calendar year. 
SOURCE: Data from http://www.fema.gov/policy-claim-statistics-flood-insurance/policy-claim-statistics-flood-insurance/
policy-claim-13-14.
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Market Penetration and Compliance

Under the NFIP, flood insurance is available to both those subject to the MPR and to any property owner living 
within the NFIP community, whether in or out of the SFHA or in front of or behind a levee. From a flood risk 
management perspective, the NFIP encourages all who live in areas subject to any level of flooding to purchase 
insurance so as to provide loss coverage to them if their covered property is damaged from a flood event and 
to reduce the cost to the federal government for their recovery. Therefore, FEMA is interested in knowing what 
percentage of those living in flood-prone areas have insurance, that is the market penetration:35

	 Market Penetration
Number of buildings in S= FFHA eligible for insurance purchase that haave policies

Number of buildings in SFHA eliigible for insurance purchase

Compliance with the NFIP MPR is a subset of the market penetration:

35  “Insurance may be written on any building eligible for coverage with two or more outside rigid walls and a fully secured roof that is af-
fixed to a permanent site. Buildings must resist flotation, collapse, and lateral movement. The structure must be located in a community that 
participates in the NFIP . . . . Buildings entirely over water or principally below ground, gas and liquid storage tanks, animals, birds, fish, 
aircraft, wharves, piers, bulkheads, growing crops, shrubbery, land, livestock, roads, machinery or equipment in the open, and most motor 
vehicles are not insurable through the NFIP” (FEMA, 2011).

TABLE 5-2 Number of new policies and duration from 2001 through 2009. 
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	Compliance
Number of buildings in SFHA elig= iible for insurance with federal mortgages tthat have flood insurance

Number of buildinggs in SFHA eligible for insurance with fedeeral mortgages

In a scenario with full lender application of the regulation, compliance with the MPR would be approximately 
100 percent. 

There have been several analyses over the last two decades of the market penetration of the NFIP. According 
to Dixon et al. (2006), a 1999 report by PricewaterhouseCoopers estimated that 28 percent of residential structures 
in the SFHA carried flood insurance. In 2006, RAND estimated that 49 percent of single-family homes carried 
flood insurance (Dixon et al., 2006). Preliminary results from a J. Walter Thompson (JWT) analysis currently under 
way estimate that nationwide only approximately 30.6 percent of identified structures in the SFHA are insured.36 
Because each of the three analyses used a different set of the total structures in the SFHA, it is difficult to compare 
the results, although the ongoing JWT analysis appears to provide the highest degree of resolution.

Market penetration of flood insurance policies across the country varies with, for example, geography (coastal 
versus inland communities) and frequency of major flooding events in an area (Figure 5-4). The JWT analysis 
indicates that South Carolina had the highest penetration rate in the SFHA at 46.69 percent. Other coastal and 
flood-prone states have high penetration in the SFHA rates, such as Louisiana (43.69 percent), which is consis-
tent with its history of high penetration particularly in the New Orleans area (Box 5-4, Louisiana), Florida (37.75 
percent), New Jersey (37.94 percent), and California (33.49 percent). 

The development of statistics for compliance with the MPR is confounded by several factors. As indicated, 
some penetration studies focused on single-family homes whereas others included all residential structures or 

36  A market penetration and mortgage compliance analysis, by state, in preparation for FEMA by J. Walter Thompson (JWT) advertising 
company. The committee used the version from January 2013, which is heretofore referred to as the “JWT analysis” in the report.

FIGURE 5-4 National Flood Insurance Program total number of policies in force, by state, as of September 30, 2012. 
SOURCE: http://www.fema.gov/policy-claim-statistics-flood-insurance/policy-claim-statistics-flood-insurance/policy-
claim-13-2, accessed January 11, 2012. 
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addresses, parcels, etc.37 Many structure owners do not carry mortgages and others do not insure with federally 
regulated lenders. Both of these groups are exempt from the MPR and, combining the results of several studies, 
represent somewhere between 15 and 40 percent of the residential structure ownership in the SFHA. Tobin and 
Calfee (2005) reported that 77 percent or more of the debt in the SFHA was associated with lenders subject to the 
MPR, whereas Dixon et al. (2006) assumed that 85 percent of the single-family homes in the SFHA were subject 
to the MPR.

Dixon et al. (2006) also assumed that policies sold by private insurers, in addition to those sold under the 
NFIP, represented an additional 7 percent in policies, and that 38 percent of those not required to buy polices did 
purchase them. By applying these assumptions to the probable number of single-family homes with mortgages, 
by region, Dixon et al. identified compliance rates ranging from 43 percent in the Midwest to 88 percent in the 
West with a national average of 78 percent. The ongoing JWT analysis indicates, based on a sample of structures 
in the SFHA, that national compliance may be in the 50-60 percent range, with several states having compliance 
rates lower than 20 percent and other, high-risk states with compliance higher than 80 percent (Louisiana) (Box 
5-5). According to Dixon et al. (2006), a 1999 PricewaterhouseCoopers study of purchase of flood insurance, 
assuming that 10 percent of homes compliant in 1 year are not compliant in the following year, resulted in MPR 
compliance rates between 55 to 60 percent. However, more recent retention data by Michel-Kerjan et al. (2012), 
noted above, found that the drop rate was considerably higher and would thus drive down the compliance rates. 

Review of all these studies indicates that estimates of both market penetration in the SFHA and compliance 
with the MPR have varied considerably and are very sensitive to the assumptions made in the study process. 
National market penetration most likely lies somewhere between 30 and 50 percent, with the most recent JWT 
analysis, which is seemingly the most definitive study, indicating that national market penetration is the lower 
value. National MPR compliance has been estimated to be between 50 and 78 percent. The JWT study, again 
which appears to be the more definitive study because of a higher degree of resolution, presents the values at the 
lower end of this range. 

For those who live in areas subject to flood risk both in front of (SFHA) and behind levees, insurance pro-
vides an effective and efficient means of transferring financial risk and thus reducing the exposure of individuals 
and businesses to catastrophic consequences and the need to call on the government for assistance. In 1973, the 
Congress found that for the NFIP to maintain fiscal integrity and protect federal interests, it needed to mandate 
insurance for those in the SFHA. However, in spite of four decades of effort, the program has yet to achieve high 
levels of compliance. Given the emphasis that has been placed on market penetration and compliance with the 
MPR in FEMA’s risk communication activities, the efficacy of the mandatory purchase requirement is called into 
question. The current policy of mandatory flood insurance purchase appears to be ineffective in achieving 
widespread purchase of NFIP flood insurance policies. 

37  Dixon et al. (2006) found that residential structures make up 87percent of parcels in the SFHAs examined, and 57 percent of the total 
were single-family homes.

BOX 5-5 
New York’s Market Penetration Experience

Although detailed analyses of market penetration have not been conducted in areas impacted by 
Hurricane Sandy, preliminary figures indicate that approximately 62,000 of the owners of the 116,000 resi-
dential structures damaged by Sandy in New York City held NFIP policies. This equates to approximately 
a 54 percent market penetration rate. In the devastated Breezy Point area of Queens, New York, owners 
of 1,394 of the 2,150 structures damaged submitted claims, approximately a 64 percent market penetration 
rate (Jeffrey Woodward, FEMA, personal communication, February 27, 2013).
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Multiyear policies tied to the property rather than the individual, thus avoiding policy cancellation, have been 
proposed as one solution (NRC, 2012). FEMA views the fault to rest with the enforcement by those agencies 
charged with lender oversight as problematic (GAO, 2002). Discussions with personnel in the trade indicate that 
budget and manpower realities limit the number of oversight inspections. In addition, in the committee’s judgment, 
enforcement does not appear to have high priority within the lender community because it is seen as a tangential 
aspect of mortgage oversight. However, lenders assert that they are increasing their success (GAO, 2002). Retention 
statistics would also indicate lack of progress, in either oversight or enforcement. The rate of compliance with 
the mandatory purchase requirement indicates challenges with lender enforcement and federal oversight 
of this lending. On the other hand, statistics indicate that where residents are able to identify their own risk, some 
voluntarily acquire insurance. The fact that 41 percent of new policies between 2001 and 2009 were outside the 
SFHA, and were not mandated, gives support to this view (Table 5-2). 

Mandatory Purchase Behind Levees: The Current Approach Verses a Modern Risk Analysis 

Beginning in the early 2000s, FEMA took steps to modernize FIRMs via “Map Mod.” During Map Mod, 
FEMA discovered that because FIRM maps carried forward certification from previous years, many levees 
previously thought to be able to withstand the one percent annual chance flood were not able to withstand this 
event. Thus, increased attention was placed on ensuring that the accreditation status for all levee systems in the 
NFIP was up to date and accurate through Procedure Memorandum 34 and the Provisionally Accredited Levee 
(PAL)38 designation (Chapter 2). The process of ensuring that all one percent annual chance levees are properly 
constructed, certified, and accredited continues today, as affected communities are faced with the possibility 
of movement into the SFHA and the MPR. Often this is the catalyst for controversy as communities and levee 
owner/operators repair levees to the one percent annual chance standard to avoid MPR (Box 5-6). Thus, the one 
percent annual chance flood has become a de facto design standard that promotes the idea that if you live behind 
a levee you are “safe”—an unintended consequence of the MPR. During Hurricane Sandy, coastal V zone flows 
along open shorelines resulted in significant losses. Also, many residents and insurers learned that many areas 
outside the SFHA were subject to catastrophic loss. It is important to realize that overtopping of levees can 
produce flood flows behind levees whose velocity can match the coastal V zone flows on open shorelines, and 
results in damages similar to those associated with V zone flows. Mandatory purchase requirements have led 
many property owners to perceive that if they are not mandated to have insurance they are not susceptible 
to damage from floods. 

The committee examined the extension of mandatory purchase to include areas behind levees and took into 
consideration several factors. In the current NFIP approach to analyzing risk behind levees, areas behind accred-
ited levees are considered to be at a low to moderate risk and insurance rates are priced accordingly. However, 
this evaluation is an incomplete reflection of flood risk (Chapter 3). Thus, extending the mandatory purchase 
requirement behind accredited levees would be extending the federal government’s exposure without a complete 
understanding of the risk that exists and the possible consequences. Furthermore, without the benefit of information 
provided in the modern risk-based analysis, those living behind levees will, like those in the SFHA, find it difficult 
to understand the reasoning behind the mandatory purchase requirement and the premiums associated with this 
requirement; a difficulty that is promoted by the idea that when you live behind an accredited levee, you are “safe.” 

The post-Katrina rise in insurance purchases outside of the SFHA may, if it continues, indicate that public 
awareness of flood threats is increasing and that given credible risk information, owners may voluntarily move to 
such purchases, thereby avoiding the necessity to extend the administrative challenge of the mandatory purchase 
requirement. Experience since Hurricane Katrina indicates that where residents are able to identify their own risk, 
some voluntarily acquire insurance (Figure 5-3). Furthermore, 41 percent of new policies between 2001 and 2009 
were outside the SFHA and thus were not mandated. This gives support to the view that credible risk information 

38  PAL is applied to a previously accredited levee on an effective FIRM for which FEMA is awaiting data or information that will show 
compliance with NFIP regulations.
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BOX 5-6 
Challenges in East St. Louis

The American Bottom floodplain is home to approximately 156,000 people and businesses that employ 
56,000 workers in the St. Louis area. The five levee systems (Figure 5-5) protecting the region were built 
in the 1940s and 1950s and, at the time of construction, were designed to provide protection against a 
500-year flood. The levees were last upgraded in the 1960s. Since the flood of 1993, underseepage and 
sand boils have been recognized as a problem for these levees (FEMA, n.d.b). 

In 2004 and 2005, FEMA began revising and updating FIRMs that include levees in and around the 
St. Louis area. In 2007 and during the revision process, FEMA notified the impacted communities that five 
of the levee systems in the eastern suburbs (Metro East St. Louis) could no longer be depicted as accred-
ited on revised flood maps without demonstrated compliance with the design requirements set forth in 44 
CFR §65.10 (Chain of Rocks Levee, Fish Lake Drainage and Levee District, Metro East Sanitary District 
[MESD], Prairie du Pont Levee and Sanitary District, and Wood River Drainage and Levee District). If no 
longer accredited, the area was to be included by FEMA as in the SFHA (i.e., mapped as without a levee) 
and the mandatory purchase requirement would apply to the eastern suburbs. 

Inclusion in the SFHA and the MPR can have a significant impact on housing cost, economic de-
velopment, and insurance rates. The East-West Gateway Council of Governments estimated mandatory 
insurance costs paid by residents and businesses in the American Bottom floodplain as a result of imple-
mentation of the MPR to be approximately $50 million dollars per year (East-West Gateway Council of 
Governments, 2010). Thus, the community faced the question of how best to restore the levee systems to 
a level that provided adequate protection and FEMA accreditation as well as how to finance this restoration. 
This was even more challenging given the high poverty rate in the East St. Louis area—an estimated 41 
percent of persons in East St. Louis were below the poverty level from 2006 through 2010 (U.S. Census 
Bureau, n.d.). 

In 2009 a local sales tax was passed, to collect the estimated $160 million dollars to repair the levees. 
As a result of legal action taken by local sponsors, FEMA withdrew issuance of a preliminary FIRM and 
is awaiting information from the sponsors as to what actions they propose to take to remediate identified 
deficiencies. The sponsors, using the $160 million dollars raised for the project, have proposed remediating 
the deficiencies to the point where the levee system can successfully pass the one percent chance flood 
and meet FEMA’s requirements for accreditation.  However, because the levee was originally built by US-
ACE and then transferred to the local sponsors as a 500-year system, the sponsors must obtain approval 
from USACE to carry out any local work on the levee.1 USACE has indicated that the levee deficiencies 
should be remediated in a federal–local cost-shared project to meet the standards for a 500-year levee 
and is taking steps to obtain the federal funding. If the project were to proceed as a local project, the spon-
sors must assure USACE that any work done to meet the one percent annual chance flood accreditation 
requirement will not interfere with the ability to eventually repair the levee system to the 500-year level. If 
federal funding can be obtained, USACE would move ahead in a process that would carry out the required 
work for a 500-year levee and, as part of this work, obtain accreditation from FEMA for one percent annual 
chance flood protection (Colonel Christopher Hall, USACE, personal communication, February 7, 2013)

1  33 U.S.C. §408 (Section 408) provides that any proposed modification to an existing USACE project must obtain 
permission from the Secretary of the Army by demonstrating that such proposed alteration or permanent use and oc-
cupation of the federal flood control project is “not injurious to the public interest and will not impair the usefulness of 
such work.”
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FIGURE 5-5 Map of the Metro East Levee System. 
SOURCE: USACE (2010).

BOX 5-6  continued
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will prompt voluntary policy purchase, although retention rates also raise questions about property owner long-
term commitment (Table 5-2).

To date, relying on federal supervisory agencies to oversee and lenders to require purchase has only margin-
ally worked in the SFHA where the flood hazard is relatively obvious. There is little to suggest that most property 
owners in areas behind levees, if mandated to purchase insurance, would move to obtain it. Given the number of 
people behind levees, this would create an even greater challenge for lenders and oversight agencies. 

In summation, instituting this requirement would be imprudent where there is (1) limited and conflicting 
evidence to support the effectiveness of the enforcement mechanism, (2) a communication impediment to over-
come that is associated with the without-levee approach (when you live behind a levee you are “safe”), and (3) an 
incomplete understanding of risk behind a levee.. At this time, there is no sound reason to institute mandatory 
purchase of flood insurance in areas behind accredited levees. This conclusion is not to be interpreted as the 
committee not supporting the purchase of flood insurance behind levees and throughout the SFHA—quite the 
opposite. Other paths to achieve increased insurance purchase are critical: for example, effective communication of 
the risk behind levees; strong community support for voluntary acquisition of insurance behind levees; meaningful 
engagement with insurance companies and agents, lenders, and real estate professionals; and a modern risk-based 
flood risk analysis generating more accurate pricing and flood risk information.

Regardless of location (behind a levee or not behind a levee), because of the catastrophic nature of flooding, 
it is in a property owner’s and, when applicable, lender’s best interest to have the financial security provided by 
flood insurance coverage in the SFHA, assuming the cost of coverage is not an issue. As noted in Chapter 3 and 
above, a modern risk-based analysis will lead to a better informed, more differentiated assessment of properties’ 
susceptibility to flood damage. If insurance rates are priced accordingly, this would provide for more granular 
policy pricing that better reflects the actual risk to the property. This includes areas behind nonaccredited levees. 
For example, an area with a 50-year levee will be given some credit for risk reduction and the insurance rates will 
be priced accordingly. 

A perception exists that if the NFIP simply sold more policies the program’s fiscal issues (e.g., debt to the 
U.S. Treasury resulting from the 2005 loss year) would be solved.39 However, simply adding new policies doesn’t 
automatically improve the program’s fiscal soundness. Adding new polices could lower the program’s overall risk 
if the policies increase the program’s diversification of risk acquired through those policies. However, adding new 
policies very well may increase the NFIP’s overall risk through concentration of policies in, for example, high-risk 
areas such as the SFHA. Furthermore, adding new policies would also increase the program’s exposure to risk 
accumulation, or the additive risk of multiple events occurring at the same time. If NFIP policies continue to be 
concentrated in the same high-risk areas around the country, the diversification of risk and the fiscal soundness of 
the program will remain relatively unchanged. 

Upon implementation of a modern risk analysis, insurance rates will more accurately reflect flood risk behind 
a levee. If the insurance rate goes up, it indicates that the property is at more peril than previously understood to 
be; if the insurance rate goes down, it indicates that the property is in less peril than previously understood to be. 
Thus, FEMA’s moving to a modern risk-based analysis and pricing premiums accordingly will have an impact 
on NFIP policy purchase. More accurate pricing and more information created by a modern risk analysis has the 
potential to prompt additional policy purchases. Property owners would be more favorably inclined to buy flood 
insurance if individual risk is well known and insurance rates are priced to match the probability of flooding and 
the financial impact of flooding events. This includes areas behind levees, both accredited and not accredited, in 
the SFHA at large, and also non-SFHA areas. It is important to note that the Biggert-Waters Act directs full, risk-

39  As noted by Baranoff (2009), the assumption that a large number of independent exposure units in a risk pool leads (via the law of large 
numbers and the central limit theorem) to an increased ability of the insurer to handle more risk at greater profitability. This is because the 
contingency loading for risk bearing added to the expected loss can decrease as the number of exposure units increase by the central limit 
theorem. This common perception, which is the mathematical underpinning of private insurance, can lead one to believe that a larger number 
of policies in the NFIP would lead to a similar result. Major differences, however, are that the NFIP premiums are not set in a fiscally sound 
manner (because of discounts, subsidies, no contingency reserve, etc.), and so, increasing the scale of an already cash-losing operation will 
not improve its position. Moreover, if the increase in policies is due to higher risk properties entering the NFIP (termed adverse selection, see 
Baranoff [2009]), then more policies can actually worsen the fiscal soundness of the NFIP. 
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based premiums and the elimination of certain discounts, also promoting a change to the NFIP that will impact 
policy purchase. 

Lenders may choose to protect their portfolio regardless of the role of the NFIP (Buckley, 2010). It is 
very likely that if a lender has more information through a risk-based analysis, the lender is more aware that 
requiring flood insurance purchase is in line with their fiduciary responsibility. Regardless of the MPR, lend-
ers currently can require insurance regardless of any regulatory responsibility as a function of their normal 
underwriting process. Furthermore, the recent NFIP reauthorization includes a provision requiring that lenders 
provide a disclosure of the availability of flood insurance to all purchasers at loan closing or settlement40—real 
estate agents might realize that disclosure of flood risk and promoting the purchase of a flood insurance policy 
is in their best interest. 

The reasons why residents in flood-prone areas do not buy flood insurance from the NFIP have been studied 
both theoretically and empirically. Both behavioral and economic reasons for nonpurchase include the avail-
ability of aid from FEMA and other sources (i.e., charity hazard), underestimation of the risk probability, lack of 
knowledge of availability of the product and its price, the feeling that the coverage is not extensive enough, and 
several other rationales including experience with previous floods that did little damage, leading them to feel safe 
for the future (Kunreuther 1984, 1996; King, 2009). Effective communication of the risk behind levees is critical, 
for example, to overcome the impression that when you live behind an accredited levee you are “safe,” an impres-
sion that is likely linked to policy purchase. Nuances in risk communication confound the premise that greater 
risk information will prompt additional policy purchases. For example, despite the positive association between 
risk perception and protective actions, awareness does not necessarily lead to actions to mitigate risk because of 
reasons judged to be more important, such as personal experience and evaluation of protective actions themselves. 
(See Chapter 7 for an expanded discussion.) 

An increase in the purchase of policies, particularly in non-high-risk areas, will diversify the program’s risk and 
ultimately generate a more fiscally sound NFIP. Thus, the necessity of the MPR in the SFHA may change, along 
with the decision to waive the MPR behind an accredited levee. A modern risk-based analysis has the potential 
to impact the purchase of flood insurance, diversify the NFIP’s exposure to flood risk, and generate a fiscally 
sounder program. Once the risk-based approach has been put in place and matures, FEMA should review 
and study the necessity of the mandatory purchase requirement, behind levees and throughout the SFHA. 
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Flood risk management seeks to reduce the risk from flood events to the people who are located in flood-
prone areas. As indicated in earlier chapters, there is some level of risk to all locations within the floodplain. The 
magnitude of that risk is a function of the flood hazard, the characteristics of a particular location (its elevation, 
proximity to the river or coast, and susceptibility to fast-moving flows and surges, etc.), measures that have been 
taken to mitigate the potential impact of flooding, the vulnerability of people and property, and the consequences 
that result from a particular flood event. The initial risk is represented by the area’s characteristics without con-
sideration of mitigation and risk transfer measures and the vulnerability of the population. Each mitigation and 
risk transfer measure reduces the overall risk to some degree, but it is impossible to completely eliminate risk. A 
flood risk management strategy identifies and implements measures that reduce the overall risk and what remains 
is the residual risk (Figure 6-1). In developing the strategy, those responsible judge the costs and benefits of each 
measure taken and their overall impact in reducing the risk. This chapter describes measures that can be used to 
reduce the risk behind levees. 

Levees represent one method of reducing the impacts of flooding on a community or a region. Levees keep 
the floodwaters away from the area behind the levee until the point at which the levee is overtopped or fails and 
the area behind the levees is inundated and the people and property are affected. The risk to those behind levees is 
a function of the characteristics of the levee (height, strength), their location, and the mitigation and risk transfer 
measures and vulnerability reduction actions that they have taken or have been taken on their behalf. As has been 
previously discussed, every location within a floodplain, regardless of the presence or absence of a levee and 
whether or not the levee is accredited, is subject to some level of risk. 

It is important for those located in the floodplain and those responsible for activity in the floodplain (public 
officials, investors, and those relying on activities in the floodplain, etc.) to ensure that those in the floodplain 
understand the nature of the risks they face and the steps that may be taken to reduce this risk. In communities 
that are part of the National Flood Insurance Program (NFIP), those portions of the community located in the 
Special Flood Hazard Area (SFHA) are subject to mandatory insurance purchase and special land-use require-
ments including minimum first-floor elevations for new construction. FEMA’s Community Rating System (CRS) 
identifies actions that can be taken by the community to reduce their risk and gives insurance premium reductions 
for communities that take appropriate mitigation actions. 

Structure owners and occupants in NFIP communities who are not location in the SFHA, either outside of the 
one percent annual chance floodplain or behind an accredited levee, have no such federal restrictions even though 

6
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in many cases they face significant risks. As Figure 6-2 illustrates, a structure whose first-floor elevation is at the 
one percent annual chance level, might suffer only minor consequences should a greater than one percent annual 
chance flood occur, whereas those behind a one percent annual chance levee might suffer significant consequences. 
Because there are no federal requirements for land-use restrictions or mitigation in the non-SFHA area, many 
owners and public officials erroneously assume that the absence of requirements for action can be equated with 
absence of risk, when in reality, the risk may actually be greater in some areas of the SFHA.

All NFIP communities, because of the land-use regulation provisions for the SFHA, have given some attention 
to the development of risk management strategies. However, once a levee is accredited, the area behind that levee 
is considered by most communities to be outside the floodplain and not subject to land-use regulation or require-
ment for communities to consider the consequences of failure or overtopping. Depending on the topography of 
the area behind the levee, these strategies consider interior drainage systems to ensure that water “trapped” behind 
the levee during a storm will not create internal flooding and a SFHA.1 

One measure of the potential risk behind levees is measured by the number of structures protected by levees. 
FEMA currently estimates that 8.6 million housing units (6.5 percent of units in the United States) are located in 
SFHAs (FEMA, 2012a). The U.S. Army Corps of Engineers (USACE) estimates that there are 14 million struc-
tures behind the 14,000 miles of levees for which it has oversight; many of these levees are also accredited under 
the NFIP (Chapter 8) (Bryan Baker, USACE, personal communication, January 10, 2013). USACE is currently 

1  See 44 CFR §65.10 (b)(6).

FIGURE 6-1 Examples of tools and measures to reduce and transfer flood risk in flood-prone areas. The remaining risk after 
these techniques are employed is the residual risk. The bar on the far left indicates the initial, unmitigated risk that is faced by a 
community. Actions taken through the methods indicated in the subsequent bars, which are illustrative, reduce the unmitigated 
risk. Some of these actions are taken at the federal, state, and local levels, whereas others are taken by the homeowners and 
businesses at risk. The risk that remains after these actions are taken (bar on the far right) is the residual risk. 
SOURCE: Modified from USACE (2006). 
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developing a Levee Safety Action Classification (LSAC) for use in screening the results of its inspection of levees 
under its oversight. Information from the LSAC will be provided to levee owners (USACE, 2012a). 

MITIGATION AND RISK TRANSFER MEASURES

Mitigation is defined by the Federal Emergency Management Administration (FEMA) as “sustained action 
taken to reduce or eliminate long-term risks to people and property from hazards” (FEMA, 2010b). Traditionally, 
mitigation is divided into structural and nonstructural options. USACE, n.d.a defines structural and nonstructural 
mitigation measures as follows:

Structural measures such as dams, levees, and floodwalls alter the characteristics of the flood and reduce the prob-
ability of flooding in the location of interest. Nonstructural measures alter the impact or consequences of flooding 
and have little to no impact on the characteristics of the flood.

A portfolio of structural and nonstructural mitigation measures can reduce the likelihood and/or impact of 
flooding (Table 6-1). For nearly two centuries, the nation relied principally on structural measures to control floods. 

TABLE 6-1 Examples of Structural and Nonstructural Flood Mitigation and Risk Transfer 
Measures

Structural Nonstructural

Levees Structure elevation
Floodwalls Natural systems
Seawalls Risk mapping
Dams Hazard forecasting, early warning systems, and emergency plans
Floodways and spillways Dry and wet floodproofing
Channels Land-use planning and zoning
Controlled overtopping Construction standards and building codes
Levee armoring Acquisition and relocation
Seepage control Insurance

FIGURE 6-2 Scenarios of residual risk. In scenario (A), the levee protects the home up to the one percent annual chance flood. 
In scenario (B) the water is higher and the one percent annual chance flood overtops the levee. The consequences to Home 1 
are more significant than to Home 2: Home 1 is submerged; Home 2 is flooded. 
SOURCE: FEMA (2006). 
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In the mid-20th century, in recognition that even with significant use of structural approaches, flood damages were 
still on the rise, governments initiated multifaceted floodplain management and expanded use of nonstructural 
means and risk transfer (flood insurance) mechanisms (Sayers et al., in press). 

Structural Mitigation Measures 

A brief description of the structural measures most often used in flood control follows, along with discussion 
about how each of these measures relates to levees. This discussion was adapted, in part, from NRC (2012b). 

Levees, Floodwalls, Seawalls, and Other Appurtenant Structures 

These structures are designed to prevent floodwaters and storm surges from reaching areas that are at risk. 
Consequences of failure can be catastrophic because those behind the structure can be subject to rapid inundation 
and flooding conditions more severe than if the floodwaters had risen gradually.

Dams 

Barriers that impound hydrologic flows, dams retain floodwaters before they reach areas at risk. For example, 
during high-precipitation periods, dams hold upstream floodwaters that are released gradually to minimize the 
likelihood of damage to downstream communities. However, during exceptionally large events, the storage capac-
ity of a dam can be exceeded and uncontrolled flood flows are passed downstream. Under these circumstances, 
downstream levees may not be able to contain floodwaters and will fail. This condition occurred in 2011 during 
spring floods on the Missouri River (USACE, 2012b). Under exceptional circumstances, dams can fail and send 
significant quantities of water downstream, resulting in damage or destruction of levees and communities below 
the dams.

Floodways, Spillways, and Channels

Floodways, spillways, and channels are constructed to carry floodwaters around a community or region 
where the capacity of a river to pass a large volume of floodwaters past a critical location is limited. Under some 
circumstances, river channels can be modified to increase their flood carrying capacity. During the 2011 flooding 
of the Mississippi River, USACE opened floodways near New Madrid Missouri to take the pressure off upstream 
and downstream levees in Illinois, Kentucky, and other locations in Missouri, and three floodways in Louisiana to 
relieve pressure on structures in the New Orleans area. A similar floodway provides relief when needed to relieve 
pressure on levees surrounding Sacramento, California. 

Structural Mitigation Through Improved Levee Design or Modification 

During a flood, levees are under continuous stress that threatens their integrity. The most serious challenges 
result from wave action against a levee face, the erosion of the land side of a levee as the levee is overtopped or 
subject to waves breaking over its top, and seepage under the levee that destroys the levee from within. Forms of 
these occurred during Hurricane Katrina and caused the failure of levees in the New Orleans region in 2005. Use of 
controlled overtopping, armoring, and underseepage control can greatly reduce the potential for catastrophic failure. 

Controlled Overtopping and Breaching of Levees

During a flood event, the risk of a levee overtopping can be significant and the consequences can be cata-
strophic. Controlled overtopping of levees or engineered overtopping involves designing a levee to force overtop-
ping in the least hazardous location (USACE, 1986). This can be done by using different levee heights, known as 
superiority, or notches or openings in a desired location (Figure 6-3).
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The advantages of controlled overtopping in a designated area are (1) reducing the impact of overtopping 
failure in the selected area and in other parts of the levee system, (2) reducing the likelihood of overtopping in 
less desirable areas (i.e., areas with more development), and (3) reducing levee maintenance and repair costs after 
the flood event. 

Controlled breaching of levees is occasionally carried out during sustained high flow events (floods), when 
the benefit of the intentional diversion is deemed to be justified, economically, to mitigate more extensive damage 
that would likely otherwise occur. Controlled breaches are relatively rare, but have been used in most major flood 
events since 1927 as a last ditch means to lower flood stages threatening high-value areas, such as New Orleans 
(in 1927), Cairo, Illinois, and the St. Francis Basin in Missouri and Arkansas 1937 and 2011 along the Missis-
sippi River, or historic towns such as Prairie du Rocher, Illinois, during the 1993 Missouri–Middle Mississippi 
River flood. These are not to be confused with so-called “forced breaches,” which are routinely employed during 
floods, usually to help drain flooded tracts of urban or agricultural land. Forced breaches are necessary if there is 
no other ready means of draining flooded lands that are ringed by intact levees about their lower, or “downstream” 
perimeters. Forced breaches are usually made using tracked backhoe excavators and are commonly employed 
whenever a diked tract of land is compromised by flooding. The natural breaches and forced breaches must then 
be repaired before the succeeding flood season. Since records began being tabulated within the NFIP in 1969, 
forced breaches have historically accounted for 40 to 50 percent of the post-flooding repair costs sustained by 
local agencies (Storesund et al., 2009). 

Levee Armoring

Armoring a levee involves making a levee less susceptible to erosion induced by floodwaters and overtopping. 
It involves the use of a variety of materials, from concrete to vegetation. Three key factors in determining levee 
survival in a significant flood event and overtopping are depth and duration of flow, flow velocity (a function 
of slope inclination, height of the drop, and flow friction), and the erosive resistance of the vegetation mat and 
underlying soils (Briaud et al., 2008; Storesund et al., 2009). 

The earliest methods of armoring employed in the 1800s, involved timbers reinforcing the submerged wall of 
the levee. Today, particularly after levees failed in Hurricanes Katrina and Rita in 2005, considerable attention is 
being given to new methods and technologies that might make earthen levees more survivable during short-term 
overtopping, as occurs during hurricane-whipped storm surges. These concepts include the use of embedded soil 
reinforcement (high-density polyethylene mesh and fiber reinforcement), turf reinforcement, and paving land-side 
slopes with soil admixtures, such as clay, soil cement, and other forms of tensile reinforcement (Rogers, 2009; Xu 
et al., 2012). An example of one such armored levee is shown in Figure 6-4.

Seepage Berms and Cutoff Walls 

Depending on the nature of the material used in the construction of the levee and the foundation of the levee, 
water may flow through or under a levee creating the potential for collapse of the levee or its foundation (Figure 

FIGURE 6-3 A gated overflow spillway that would control flows into a desired area. 
SOURCE: Courtesy of Jae-won Chung. 
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6-5, Top). Cutoff walls and trenches can be used to stop the flow through and below a levee (Figure 6-5, Lower 
Left). Construction of land-side seepage berms can add sufficient weight to counteract the upward seepage forces 
(Figure 6-5, Lower Right). Pressure relief wells can be placed on the land side of the levee to deal with seepage 
and are part of the levee repair effort for the East St. Louis, Illinois levees mentioned in Chapter 5. 

Nonstructural Mitigation Measures 

Nonstructural measures vary in cost and effectiveness and the physical and political effort required to imple-
ment them. The selection of which measure to use is a function of the location in which it will be employed 
(topography, expected flood levels, etc.), the availability of funds, and public acceptance of use.

Structure Elevation

By raising a structure above the expected flood level, flood damages can be prevented (Figure 6-6). Behind an 
accredited levee, if a flood greater than the one percent annual chance flood occurs, there could be some damage to 
such elevated properties but considerably less than if the structures had been at the base flood elevation (BFE). In 
the SFHA, buildings are elevated to the BFE in the case of new construction, substantial improvements are made 
to existing buildings, and repairs are made to substantially damaged buildings to comply with the NFIP (FEMA, 
2000). NFIP insurance rates for structures in the SFHA are discounted for elevations above the BFE, providing 
that supporting documentation (i.e. an elevation certificate) is provided. 

Elevation includes moving key or essential equipment from low-lying elevations within a structure to areas 
that would not be subject to flooding. Having building support systems such as computers, heating and air-con-
ditioning units, and electrical stations located in the basement areas puts the functionality of the entire building 

FIGURE 6-4 Example of an armored levee in Japan. 
SOURCE: Courtesy of Gerald E. Galloway. 
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at risk during a flood event. In 2006, a heavy storm in downtown Washington, D.C. flooded much of the federal 
triangle including the National Archives, the Federal Bureau of Investigation Headquarters, and the basement of 
the Internal Revenue Service (IRS), damaging essential mechanical and electrical equipment. The IRS was closed 
for 6 months to allow for repairs (GAO, 2007; National Capital Planning Commission, 2008). 

When building a structure on the floodplain, the cost of incorporating freeboard in a pile or a masonry pier 
foundation averages approximately 1 to 2 percent of the at-BFE building cost for 4 feet of added freeboard. For a 
masonry wall with interior pier (crawlspace) foundation, the cost averages 3 to 6 percent of the at-BFE building 
cost (Jones et al., 2006). Jones and colleagues (2006) concluded that it is financially reasonable to spend between 
103 to 106 percent of the at-BFE building cost to elevate a structure, depending on local circumstances.

Challenges in elevating structures do exist. For example, properties that service people with disabilities may 
require either an elevator or a long ramp, the cost of which could make elevation economically infeasible. In addi-
tion, there is growing concern that having an entire community elevated creates the potential for small islands 
(houses) in a flood sea that cannot be accessed during the flood event. In the case of fire or a medical emergency, 
first responders would find it very difficult to reach many of these homes. If flooding were to last for an extended 
period, the elevated homes would rapidly become uninhabitable. 

FIGURE 6-5 Levee seepage and control methods. (Top ) Seepage paths under and through a levee. (Lower Left) Use of cutoff 
walls and trenches to block seepage. (Lower Right) construction of a land-side seepage berm to provide additional weight and 
length to counteract upward seepage forces. 
SOURCE: USACE Management Measures Digital Library. Available online at http://www.iwr.usace.army.mil/docs/MMDL/
FLD/Feature.cfm?ID=5, accessed January 25, 2013. 
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Natural Systems 

Naturally existing, restored, or developed wetlands, as well as land in periodic cultivation, can store overflow 
waters from riverine flooding and help reduce downstream impacts. Wetlands also provide a natural barrier to 
storm surge inundation. Coastal sand dunes protect structures built behind them and help slow down coastal erosion 
and also the immediate impact of rising storm surge. Floodways built to relieve flood pressure can also provide 
ecosystem benefits. These natural systems can be effective in reducing flooding behind levees with interior drain-
age problems (Galloway et al., 2009; Opperman et al., 2009). Use of natural systems typically requires some form 
of real estate acquisition (fee simple, easement, payment for use, etc.) because the benefits from such measures 
normally do not accrue to the individual who may own the property required. In some cases, there will be a need 
for construction of appropriate inlet and outlet works to permit the entry and exit of stored waters.

Risk Mapping 

Accurate mapping of risks provides those living or working in flood-prone areas, in front of or behind levees, 
with the information necessary to make rational decisions in developing their personal or corporate flood risk 
management strategies. Risk mapping is discussed further in Chapter 7. 

FIGURE 6-6 Elevated homes behind levees in New Orleans, Louisiana. 
SOURCE: Courtesy of Gerald E. Galloway. 

Combining the natural hazard risk assessment with quantitative consideration of mitigation measures yields 
expected outcomes that can be graphically portrayed in a manner that facilitates public understanding of 
the risk and its implications for them. 

NRC (2012b)
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Hazard Forecasting, Early Warning Systems, and Emergency Plans 

Detailed weather forecasts of the path and severity of a tropical storm, and accurate predictions of stages 
(heights) of flooding rivers enable government officials and the public to make decisions to evacuate or move 
valuable property from high-hazard areas. Advance information about potential failures of levees or dams can 
significantly reduce the consequences should failures occur. Preparation of emergency action and evacuation plans 
can similarly reduce or eliminate casualties and property losses.

Dry and Wet Floodproofing 

Damage to structures in the SFHA and behind levees can be greatly reduced through effective dry and wet 
floodproofing. Dry floodproofing seals structures to prevent floodwaters from entering; wet floodproofing makes 
uninhabited portions of a structure resistant to floods by allowing water to enter and flow through the structure 
during a flood. FEMA defines floodproofing as

a combination of adjustments and/or additions of features to buildings that eliminate or reduce the potential for flood 
damage. Examples of such adjustments and additions include anchoring of the building to resist flotation, collapse, 
and lateral movement; installation of watertight closures for doors and windows; reinforcement of walls to withstand 
floodwater pressures and impact forces generated by floating debris; use of membranes and other sealants to reduce 
seepage of floodwater through walls and wall penetrations; installation of pumps to control interior water levels; 
installation of check valves to prevent the entrance of floodwater or sewage flows through utilities; and the location 
of electrical, mechanical, utility, and other valuable damageable equipment and contents above the expected flood 
level (FEMA, n.d.a).

The Federal Alliance for Safe Homes (FLASH) indicates that dry floodproofing can be accomplished by 
measures such as

•	 Applying a waterproof coating or membrane to the exterior walls of the building; 
•	 Installing watertight shields over doors, windows and other openings; 
•	 Anchoring the building as necessary so that it can resist floatation; 
•	 Installing backflow valves in sanitary and storm sewer lines; 
•	 Raising utility system components, machinery and other pieces of equipment above the flood level; 
•	 Anchoring fuel tanks and other storage tanks to prevent flotation; 
•	 Installing a sump pump and foundation drain system; 
•	 Strengthening walls so that they can withstand the pressures of floodwaters and the impacts of flood borne 

debris;
•	 Construct nonsupporting, break-a-way walls designed to collapse under the force of water without causing 

damage to the house or its foundation.2 

Wet floodproofing includes construction of veneers to seal potential water entry into or under a structure, installa-
tion of vents to allow water to move through crawl spaces under homes (avoiding different water levels outside and 
under a home).3 Floodproofing can also include permanent or temporary installation of barriers such as modular 
dams and small levees designed to keep floodwaters away from one or more structures for limited periods of time 
(Figure 6-7).

There is an increasing demand for products and techniques that can be used in existing properties to reduce 
the potential damage when flooding occurs. To ensure that floodproofing products are well designed and manufac-

2  See http://www.flash.org/peril_inside.php?id=59. 
3  See http://www.flash.org/peril_inside.php?id=60. 
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tured to perform the task for which they are being developed, both the Association of State Floodplain Managers 
(ASFPM) and FM Global have developed certification standards to support this need (FM Global, 2006, n.d.).4 

Land-Use Planning and Zoning

Wise land use is at the center of nonstructural flood mitigation activity and is an effective tool for reducing 
risk at the community level. Land-use planning implements public policy to direct how land in a given area is used. 
It is executed through zoning ordinances and takes place on multiple levels of government, from national policy 
to local policy where there may be designation of parcels for a specific use at the local level. When appropriate, 
wise land use may mean a lack of investment in a particular area (Box 6-1). 

Few issues have gained attention and controversy like land-use planning. The tension between promoting 
development in order to foster growth in the community and the potential long-term liabilities (i.e., flood risk) 
is significant. Unfortunately, when individuals or businesses develop an area that may be subject to flooding and 
are unaware of the potential risk, these individuals suffer when a flood event occurs. Although the NFIP requires 
regulation of the land within the SFHA, it does not require flood-prone communities to regulate areas beyond 
the one percent annual chance flood level or areas behind levees even though both areas face flood risks. When a 
community’s land-use plans treat all areas behind a levee the same way even though some areas are substantially 
below the BFE and would be fully inundated in the event of a major levee failure, these land-use plans ignore the 
risk in placing occupants of the lower areas at an economic and safety disadvantage.

Construction Standards and Building Codes

Construction standards and building codes can be developed at any level of government but they are enforced 
at the local level. While codes provide for public safety, they also prescribe practices and measures that directly 
address known causes of disaster damages. Damages can be significantly reduced by attention to modern construc-
tion standards and building codes. Kunreuther (1996) found that one-third of the damages associated with the 1992 
Hurricane Andrew could have been avoided had Florida enforced its building codes. 

4  See http://www.floods.org/index.asp?menuid=421&firstlevelmenuid=183&siteid=1.

FIGURE 6-7 Barriers and small levees floodproof a home from low-level flooding. 
SOURCE: FEMA (2007). 
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Acquisition and Relocation 

Acquisition or relocation of properties that are repetitively flooded, substantially damaged, or need flood-
related project construction have been supported by FEMA and USACE, allowing many communities to deal with 
the challenges of these frequent flood losses. When land is not suitable or only marginally suitable for development 
or agricultural activity, that land can be acquired and placed into public use for either environmental or recreational 
purposes to enhance the overall quality of life in the community. Buyouts of properties that are repetitively flooded 
have been supported by FEMA and have allowed many communities to deal with frequent flood losses. 

Although a few sections of communities have been relocated, more relocations or removals usually take place 
where specific parcels are identified as being at risk. When property is acquired for environmental purposes. this 
land can frequently be used during flood periods for off-river storage of floodwaters. This flood storage reduces 
the downstream impact of the flood and the area is restored after the flood to its previous condition. During the 
2011 Mississippi River floods, over 500,000 acres of land in the lower Mississippi Valley was used for flood stor-
age, which dramatically reduced river stages that otherwise would have affected large communities such as New 
Orleans and smaller ones such as Cairo, Illinois. 

Insurance

Through the purchase of insurance, some of the financial risk of living on a floodplain in or outside the SFHA 
or behind a levee is transferred, for a premium, from the individual to the entities that provide insurance. Floodplain 
managers tend to consider this a mitigation technique, when in fact unlike physical measures that reduce damages, 

BOX 6-1 
The Coastal Barriers Resources Act

Coastal barriers possess many characteristics that make them attractive building sites. These include 
their rich biological diversity, their status as popular vacation destinations, and their role as large drivers to 
local economies. However, these areas pose substantial risks to both developers and homeowners. They 
are often the location of first landfall by tropical storms, bearing the full force of storm surges and hurricane 
winds, and are the victim of a constantly fluctuating landscape due to chronic coastal erosion (FWS, 2002). 
The federal government historically subsidized and encouraged development in these coastal areas until 
the late 1970s and early 1980s, when it was realized that this subsidization and encouragement had been 
resulting in the loss of natural resources; presented a threat to human life, health, and property; and cost 
American taxpayers millions of dollars each year (FWS, 2012).

In an effort to remove any federal incentive to develop on coastal barriers, Congress passed the 
Coastal Barrier Resources Act (CBRA) in 1982. Reauthorized in 1990, the CBRA designated relatively 
undeveloped coastal barriers along the Atlantic and Gulf coasts, the Florida Keys, the Great Lakes, Puerto 
Rico, and the U.S. Virgin Islands as part of the newly created John H. Chafee Coastal Barrier Resources 
System. This designation renders these coastal barriers ineligible for most new federal expenditures and 
financial assistance, including, most significantly, access to federal flood insurance through the NFIP 
(FWS, 2012). Although no longer encouraged by the federal government, development in these hazard-
prone areas is not prohibited, provided any work and investment is made by private developers and other 
nonfederal parties. In return for a lack of restrictions on development, any individual or developer choosing 
to live and invest in these areas agrees that they will bear the full cost of development and rebuilding (in 
the case of a flooding event or other natural disaster) instead of relying upon federal funding for roads, 
wastewater systems, potable water supply, and disaster relief (FWS, 2012). This approach has saved over 
$1 billion in federal dollars between 1982 and 2010 and is expected to continue saving federal dollars in 
the future (FWS, 2012).

http://www.nap.edu/18309


Levees and the National Flood Insurance Program: Improving Policies and Practices

Copyright National Academy of Sciences. All rights reserved.

108	 LEVEES AND THE NATIONAL FLOOD INSURANCE PROGRAM

insurance does not reduce damages but simply compensates the affected parties for these losses. In most flood-
prone areas in the United States, this insurance is provided to residential properties and small businesses through 
the NFIP. Commercial flood insurance is available and is issued by numerous major insurers and is issued by a 
worldwide network of reinsurance organizations, providing coverage for property value in excess of the NFIP 
maximum of $250,000 for residential property and $500,000 for businesses. However, unlike the NFIP, commercial 
insurance rates and rates for homeowner coverage in excess of the NFIP cap are based on more detailed analysis 
of properties as they apply for coverage and may reflect more sophisticated risk analysis and requirements for 
mitigation measures (Chapter 5). 

When property owners take steps to mitigate potential losses through use of mitigation measures, commercial 
insurers typically will reduce the premiums to reflect the risk mitigation. The NFIP provides premium reductions 
in the SFHA in two cases, for elevation of property higher than the BFE and some types of commercial property 
floodproofing. However, the NFIP does not provide premium reductions in areas behind levees (preferred risk 
policies). When risk-based pricing is implemented, discounts for mitigation measures behind levees need to be 
considered because it is likely that, in many cases over the life of a mortgage, the premium discounts could exceed 
the costs of the mitigation and would be beneficial to the mortgage holder and the mortgagee. 

The perception exists that flood insurance is unnecessary for individual homeowners in the floodplain because, 
after a flood event, government and private agencies assist the property owners in getting back on their feet. Media 
statements and political rhetoric regarding disaster aid imply generous aid to repair and replace property. Analysis 
has indicated that this is not necessarily the case (Kousky and Shabman, 2012). Possession of an insurance policy 
provides rapid payment to the owner of claims for property damage and gives those with insurance the ability to 
recover much faster than those seeking to piece together other forms of assistance, which, in the long run, will 
not make up the entirety of losses. 

DEVELOPING COMMUNITY STRATEGIES FOR AREAS BEHIND LEVEES

Circumstances produce a variety of flood risk scenarios behind levees. These circumstances can include 
anything from proximity to the coast or river, local weather patterns, existing infrastructure, and community pre-
paredness. Some risk scenarios are associated with long time horizons, such as flooding associated with climate 
change, and might be less perceptible to the at-risk community compared with, for example, a design deficiency 
in a levee discovered during the Map Modernization process. Complicated scenarios arise as communities grapple 
with unique situations (Box 6-2). A mix of flood risk management measures tailored to the risk of a particular 

BOX 6-2 
Challenges to Mitigation and Flood Management: Norfolk, Virginia

Living in an area that is vulnerable to flooding, the community of Norfolk, Virginia, has spent years 
wrestling with flood risk. Home to the world’s largest naval base and 1.7 million people, even high tides or 
heavy rains can cause problems for this low-lying port at the mouth of the Chesapeake Bay. Challenging 
issues such as the combination of sea level rise and subsidence dramatically changing the level of the 
ocean in Norfolk face this community (Figure 6-8; Boon et al., 2010). 

The current flood management system of Norfolk consists of pumping stations and floodwalls. Each 
year, the city invests in improving drainage and elevating roads. Norfolk has taken additional steps to 
prepare for flooding, including hiring a Dutch coastal engineering firm to conduct a vulnerability analysis 
to enhance mitigation and inform development. This new strategy includes, for example, new floodgates, 
pumping stations, and floodwalls at an estimated cost of $1 billion dollars (NPR, 2012). This strategy also 
includes something called “managed retreat” by Mayor Paul Fraim, saying that the cost of flood mitigation 
is sometimes too steep and giving up homes makes more sense (NPR, 2012). 
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community paired with an appropriate communication strategy is the most effective flood risk reduction strategy 
(Burby and Dalton, 1994; Brody et al., 2007; Sayers et al., in press; see also Figure 3-3 in Chapter 3).

Flood Risk Management Strategy: Goals at the Local Level 

To successfully develop a flood risk management strategy, a community, in collaboration with those entities 
that may be called upon to assist in the implementation of the strategy, needs to first establish the goals of the strat-
egy. This collaboration requires the community to synchronize planning with relevant regional bodies and ensure 
its conformance with state and federal guidelines and regulations when they exist. A critical part of the goals of 
the strategy is to define the relative levels of protection both in front of and behind levees and then to lay out the 
appropriate combination of mitigation measures (structural, nonstructural, or insurance) to achieve those levels. 

Today, there is no national standard for level or degree of protection for flood-prone communities, except for 
those choosing to participate in the NFIP. Under the NFIP, those in the SFHA must take action to mitigate against 
the one percent annual chance flood. Those behind levees must ensure that the levees protect against the one 
percent flood. However, this criterion is a standard for participation in the insurance program, not a life-safety or 
property protection standard. Since the decision was made in the 1970s to use this one percent standard for NFIP 
accreditation, the predominance of the written reports concerning levees have argued for a minimum standard of 
0.2 percent annual chance for levees protecting urban areas (see Chapter 2 and Appendix F). 

As indicated in Chapter 2, when the federal government began to build levees under its flood control authori-
ties, it began with relatively high standards. Urban area levees and those protecting the Lower Mississippi Valley 
were to be built to pass a standard project flood or higher level flood. Agricultural areas were typically protected 
to near the 2-3 percent annual chance level. Executive Order 11988, March 1977, directed federal agencies sup-
porting activity in the floodplain to require critical facilities to be located outside the 0.2 percent floodplain or be 
elevated above that level, but few similar requirements were imposed by state governments.

In 1973, the U.S. Water Resources Council issued Principles and Standards (WRC, 1973), which established 
national and regional economic development, environmental quality, and other social effects as criteria for evalua-
tion of federal water resource projects. These standards permitted a variety of justifications for level of protection 
to be considered. In 1983, the WRC established, in Principles and Guidelines, national economic development as 
the single objective (WRC 1983) and it quickly became apparent that the optimum level of protection for a levee 
given the economic benefits was at or near the one percent level because reaching that level created the “benefit” of 
not having to buy insurance when located behind such levees. Life safety was not a consideration in the calculus.5 

In 2007, the State of California legislated that new urban levees would have to be constructed at the 0.5 percent 
(200-year) level as a result of evaluation of the flood risks facing the state and the lessons learned from Hurricane 
Katrina. This represents a critical evolution in thinking—that it is appropriate to tailor flood risk management 
strategies to individual communities, geographic areas, or watersheds by carefully selecting a level of protection that 
reflects the life safety and economic assets in a given area. This includes recognition that the one percent annual 
chance flood standard of the NFIP might not serve as an appropriate life safety or property protection standard. 
Also critical to evaluating flood risk management strategies at the local level is the ability to acquire the resources 
it will need to carry out the floodplain management strategy. 

Development of a flood risk management strategy focused solely on protection of areas behind levees would 
be neglecting the comprehensive nature of the flood risk challenge. It is critical to coordinate efforts to deal with 
one part of the floodplain with planning and other areas. Also critical is the consideration of all types of develop-
ment and activity in local land-use plans, including residential, commercial, industrial, and agricultural needs of 
the community, placement of these components in a community, and an economic analysis of the costs and benefits 
of the flood risk management strategies being examined. Do the benefits to be gained merit the commitment of the 

5  In the 2007 Water Resources Development Act, Congress directed the revision of Principles and Guidelines to include “(1) seeking to 
maximize sustainable economic development; (2) seeking to avoid the unwise use of floodplains and flood-prone areas and minimizing adverse 
impacts and vulnerabilities in any case in which a floodplain or flood-prone area must be used; and (3) protecting and restoring the functions 
of natural systems and mitigating any unavoidable damage to natural systems.” To date the revision has not occurred.
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resources needed to carry out the floodplain management strategy? However, approval of community participation 
in the NFIP and accreditation of levees in these communities is not dependent on the cost-effectiveness of the levee 
or other mitigation measures incorporated in the community flood risk management strategy. Economic decisions 
are more closely tied to the analyses conducted by federal or state agencies to meet the criteria for participation 
in or construction of flood-related infrastructure under other government programs. 

Future Conditions and Climate Change 

Actions to shape flooding in one location can have impacts on flood stages (i.e., flood risk scenarios) at 
other locations, a realization that first surfaced in the late 1800s and early 1900s in the Sacramento River Basin, 
California. At the time, ad hoc levee construction generated significant, unintended hydrologic impacts at both 
the local and regional levels, driving the state to eventually implement statewide flood control measures through 
a State Reclamation Board. Today, this issue still plagues the Sacramento–San Joaquin Delta area, and a Central 
Valley Flood Protection Plan was adopted in June 2012. This plan promotes integrated, systemwide wise flood 
management, a key implication of which is that flood management investments (e.g., levees) will not result in an 
increased risk of flooding in other areas (CVFPP, 2012). 

Community flood risk scenarios will continue to evolve as change occurs. Climate change will have a variety 
of regional impacts, and the geographic location of a community will affect how changing conditions affect risk. 
Some areas will have more droughts, some will have more frequent floods, and others will have more intense 
floods. Research to understand these hydrologic changes is ongoing (NRC, 2011, 2012a). A recent special report 
of the Intergovernmental Panel on Climate Change (IPCC, 2012) indicates a likely increase in many regions of 
the frequency of heavy precipitation events, and when coupled with increasing vulnerability presents a myriad of 
challenges for coping with climate-related disastersIPCC. Galloway (2009) cites 11 major international studies 
conducted from 1987 to 2002 that all predict significant climate change–induced hazards, including increased 
flooding, higher mean atmospheric temperatures, higher global mean sea levels, increased precipitation, increased 
strength of storms, more energetic waves, storm surges that reach further inland, undercapacity of urban sewer-
age and drainage systems, increased vulnerability of port cities, and disproportionate impacts on disadvantaged 
population segments (Galloway, 2009). The rise in sea level and the increase in storm surge due to climate change 
puts many coastal areas at risk from intensified flooding (NRC, 2010).

Hirsch and Ryberg (2012), in examining trends in annual floods at 200 stream-gauge sites in the United States, 
found that , while there appeared to be no strong statistical evidence for flood magnitudes increasing with increasing 
global mean carbon dioxide concentration, there were differences in flood magnitudes among the four quadrants 
of the conterminous United States (Figure 6-8). They indicate that the attention should be paid to the effects of 
changes in the relative “importance of the role of snowpack and rain on snow events.” Raff (2013) suggests that the 
increase in magnitude of floods in the northeastern and midwestern United States (Figure 6-9, Upper Right), may 
have consequences in the Upper Mississippi, Ohio, and Missouri watersheds (Hirsch and Ryberg, 2012; Raff, 2013). 

The Draft National Climate Assessment, issued in January 2013 by the National Climate Assessment Develop-
ment Advisory Committee, begins with the statement:

Climate change is already affecting the American people. Certain types of weather events have become more frequent 
and/or intense, including heat waves, heavy downpours, and, in some regions, floods and droughts. . . . The largest 
increases have occurred in the Northeast, Midwest, and Great Plains, where heavy downpours have exceeded the 
capacity of infrastructure such as storm drains, and have led to flooding events and accelerated erosion.

The report goes on to point out the increasing vulnerability to flooding of those in floodplains and coastal areas 
(Figure 6-10; NOAA, 2013). For example, prior to Hurricane Sandy, FEMA, as part of its continuous updating 
of FIRMs had begun revision of FIRMs for the New York Metropolitan Area and had planned to deliver them to 
state and local officials in mid-2013 for comment. When Hurricane Sandy hit New York, FEMA accelerated the 
release of information about the BFEs that would be seen on the new maps so that individuals and community 
officials could plan the recovery and reconstruction accordingly. These advisory BFEs for A and V zones, now in 
the hands of officials and the public, reflect the anthropogenic and physical changes that have taken place in the 
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FIGURE 6-8 Average sea level trend at Seawells Point, Virginia, recording a 4.44-mm/year rise with a 95 percent confidence 
interval of ±0.27 mm/year based on data from 1927 through 2006. This is equivalent to 1.46 feet in 100 years. Data from 
NOAA’s Seawells Point monitoring station. 
SOURCE: http://tidesandcurrents.noaa.gov/sltrends/sltrends_station.shtml?stnid=8638610 Sewells Point, VA. 

FIGURE 6-9 Areas of increases and decreases in flood magnitude trends at 200 U.S. Geological Survey stream gauge stations. 
Upward pointing triangles represent increases in the magnitude; downward pointing triangles, decreases.
SOURCE: Hirsch and Ryberg (2012).
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over 25 years since many of the maps had been developed; the new BFEs range from 2 to more than10 feet higher 
than previously depicted on FIRMs. Attention to these new elevations will ensure that those who were damaged 
by Sandy will be able to rebuild or relocate knowing more about the 2013 hazard they face (FEMA, 2013; Jeffrey 
Woodward, FEMA, personal communication, February 27, 2013). 

A soon-to-be-released FEMA study of the impacts of climate change and population growth on the NFIP 
indicates that the size of the nation’s floodplains will grow between 40 and 45 percent over the next 90 years and 
double the number of needed flood policies by the end of the century (Figure 6-11). It is speculated that this will 
require FEMA to incorporate the effects of climate change in the operation of the NFIP (Lehmann, 2011). Under 
current regulations, FEMA does not include consideration of future conditions in development of FIRMs. 

The 2012 Biggert-Waters Act established a Technical Mapping Advisory Council to serve as an advisory body 
dealing with map modernization issues.6 The legislation directs the Council to: 

consult with scientists and technical experts, other Federal agencies, States, and local communities to (A) develop 
recommendations on how to (i) ensure that flood insurance rate maps incorporate the best available climate science 
to assess flood risks; and (ii) ensure that the Federal Emergency Management Agency uses the best available meth-
odology to consider the impact of (I) the rise in the sea level; and (II) future development on flood risk; and (B) not 

6  Section 100215.

FIGURE 6-10 The challenge of rising sea level and the expansion of the one percent annual chance floodplain to New York City. 
The light blue area represents a 2012 depiction of the one percent annual chance floodplain of Lower Manhattan, New York 
City. With sea-level rise, a far larger area would be flooded in the event of a one percent annual chance flood event. (Note that 
flooding during Hurricane Sandy (2012) exceeded the one percent annual chance flood.) With sea-level rise, the one percent 
annual chance flood will inundate a larger area of New York City (not pictured here). 
SOURCE: USGCRP (2009).
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later than 1 year after the date of enactment of this Act, prepare written recommendations in a future conditions risk 
assessment and modeling report and to submit such recommendations to the Administrator.

The Biggert-Waters Act further charges the Administrator to review and update NFIP rate maps and to incorporate 
any future risk assessment submitted by the Technical Mapping Advisory Council in any such revision or update.7 

Implementing Flood Risk Management

Flood risk management begins with goal and policy development, identification of the hazard, analysis that 
includes assessment of the hazard’s potential impact, and development of flood risk management strategies, rep-
resenting the amalgamation of the various measures discussed in this chapter and Chapter 7 available to deal with 
the flood challenge (Figure 3-3). Flood risk management strategies are represented by portfolios of mitigation 
measures. A structural approach—that is, construction of a levee—is immediately visible and for many flood events 
provides adequate mitigation of the effects of rising waters. Implementation of nonstructural mitigation approaches 
is not always well received. Efforts to promote wise development or enhance building codes are sometimes seen as 
efforts to limit growth and reduce economic vitality in the affected area. Requiring communities to elevate homes 
can be seen as creating visual blight and similarly reducing the economic utility of the property. Less thought is 
given to the potential economic consequences should a flood actually occur. Federal project development guidance 
makes structural projects more feasible and requires less contribution from local governments for their execution 

7  Section 100216. 

FIGURE 6-11 The average projected percent change in the size of the Special Flood Hazard Area by the year 2100 as a result 
of climate change and demographic change, in counties across the United States. 
SOURCE: Crowell (2010).
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than would be expected of nonstructural efforts. Simply looking at an economic balance sheet tilts decision making 
toward structural approaches. 

Successful flood risk management strategies are developed through a bottom-up process that is supported from 
the top down. Development of flood risk strategies by the community is critical, as is support from and collaboration 
with FEMA (Box 6-3) and other federal and state agencies. FEMA supports mitigation projects through a variety 
of hazard mitigation assistance (HMA) grants, administered through several programs that provide funding for 
eligible activities that reduce disaster loss and protect life and property from future damages. For example, FEMA 
supports mitigation projects through the Hazard Mitigation Grant Program (HMGP), a program that provides 
state and local government with grants for projects that reduce or eliminate losses of life and property from future 
disasters. Projects include elevation of a home, purchase of property subject to repetitive damage, and retrofitting, 
etc. HMGP grants may address a variety of risks and are not limited to flood risk; grants are only available to 
those in a presidentially declared disaster area and can be significant. FEMA also issues flood mitigation assis-
tance (FMA) grants, severe repetitive loss (SRL) grants, and repetitive flood claim mitigation (RFC) grants, and 
pre-disaster mitigation (PDM) grants. FMA, SRL, and RFC grants are designed to, over time, reduce flood losses 
to the NFIP by mitigating insured properties with particular attention to repetitive loss and severe repetitive loss 
properties. PDM grants provide support for multihazard mitigation (planning and project implementation) prior 
to a disaster event (FEMA, n.d.b). 

Mitigation projects that are eligible for HMA assistance include, for example, property acquisition, structure 
elevation, dry floodproofing, and minor flood control projects, such as the installation or modification of culverts, 
and stormwater management activities such as creating retention and detention basins. Ineligible projects generally 
include major flood control projects such as “construction, demolition, or repair of dams, dikes, levees, floodwalls, 
seawalls, groins, jetties, breakwaters, and erosion projects related to beach nourishment or re-nourishment,” that 
is, projects where catastrophic failure is a possibility and the potential for loss of life and property is too great 
(FEMA, 2010a; Ryan Janda, FEMA, personal communication, January 29, 2013). Collectively, these grant pro-
grams become important parts of the risk management portfolio. 

Communities behind levees are diverse in their physical and social characteristics. They have different types 
of flood risk that require a combination of risk management measures targeted at households, neighborhoods, and 
regions. They face a rapidly changing future, and a one-size-fits-all solution is not sufficient to adequately manage 
risk for all communities across the nation. The National Research Council report, Disaster Resilience: A National 
Imperative (NRC, 2012b), points out that informed decision making is key to managing risk. The development of 
information using a modern risk analysis tools will allow communities to utilize specific information in designing 
risk reduction strategies specific to that community and to visualize the risk throughout the communities over time. 

BOX 6-3 
Project Impact

Initiated in 1997, FEMA’s Project Impact provided training and funding for disaster mitigation activities 
(flood, earthquake, fire, etc.) and facilitated the establishment of local partnerships in the community to 
mitigate the impacts of these disasters. The program established responsibility and authority for disaster 
mitigation at the community level. The program goals were accomplished by establishing responsibility and 
authority for mitigation at the community level. The actions were organized into four phases: (1) building 
partnerships, (2) identifying hazards and community vulnerability, (3) identifying and prioritizing risk reduc-
tion actions for the community, and (4) communicating success (FEMA, 1997). 

Project Impact was discontinued at the federal level in 2001. However, some communities contin-
ued partnerships and mitigation activities where Project Impact was the catalyst for a long-term disaster 
management approach. Project Impact remains today a good model for encouraging and implementing 
community resilience.
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Sayers et al. (in press) point out that risk-based methods enable uncertainty to be explicitly recognized and data 
collection prioritized to address areas where the lack of uncertainty is material to the choices being made. With 
science as the foundation of flood management measures, “better information leads to better decision-making and 
better flood management” (Schropp and Soong, 2006). With better knowledge, decisions makers can make land-use 
and other decisions that lead to reductions in loss of life and property damages (Brody et al., 2011). 

Most communities participating in the NFIP focus their attention on those areas within the SFHA and overlook 
the risk to those outside the SFHA, especially those areas behind levees. There is a clear need for a comprehen-
sive, tailored approach to risk management behind levees that (1) is designed and implemented at the local 
level; (2) involves federal and state agencies, communities, and households; (3) takes into account possible 
future conditions; and (4) relies on an effective portfolio of structural measures, nonstructural measures, 
and insurance to reduce the risk to those behind levees. 

To reduce the flood risk to those behind levees, FEMA should encourage communities to develop and 
implement multimeasure risk management strategies for areas behind accredited levees. This strategy would 
contemplate the full range of foreseeable flood scenarios including levee overtopping or failure. The development 
of new risk management analysis tools will facilitate the identification of risks and suggest feasible approaches to 
dealing with the risks to those behind levees. 

EFFECTIVE FLOOD RISK MANAGEMENT: ADMINISTRATION OF LEVEES 

Development and maintenance of appropriate supporting policies and data affecting the portfolio of mitigation 
measures are both critical effective floodplain management strategies. For example, managing the inclusion of 
levees in the NFIP is an important mission of the Federal Insurance and Mitigation Administration and requires 
the development of policies and procedures as well as regulatory instruments. Furthermore, data on the extent 
and status of the nation’s levees are critical to informing all stakeholders of the extent of flood risk and develop-
ing appropriate floodplain management strategies. This section addresses both the current status of and the need 
for revision to the principal regulatory document establishing procedures for inclusion of levees in the NFIP and 
efforts to develop and maintain a national inventory of levees. 

Levee-Related Federal Regulations

Title 44 of the Code of Federal Regulations (CFR) contains several sections pertaining to levees in the NFIP 
including:

•	 44 CFR §59.1, Definitions; 
•	 44 CFR §64.3, Flood Insurance Maps; and
•	 44 CFR §65.10, Mapping of Areas Protected by Levee Systems. 

Section 65.10 describes the “types of information FEMA needs to recognize, on NFIP maps, that a levee system 
provides protection from the base flood,” and serves as the principal guidance document for levee development 
and certification.

The committee considered the three aforementioned sections of the CFR during the course of deliberations. 
The committee was asked specifically for advice on “Existing requirements for levee accreditation under 44 CFR 
§65.10” (Box 1-4). All three sections are relevant to the charge of this committee in the sense that Section 65.10 
relies on the information contained in Sections 64.3 and 59.1. As indicated in Chapter 2 and Appendix F, the 2006 
Interagency Levee Policy Review Committee (ILPRC) report to FEMA also addressed these three sections of Title 
44, and the committee’s advice generally supports the recommendations of the ILPRC.8 

8  The changes to Title 44 recommended by the ILPRC have yet to be acted upon by FEMA.
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44 CFR §59.1, Definitions

In the past, existing roads and railroads, that is, embankments, were assumed to be included in the definition 
of a levee system and its accreditation even though the information concerning the integrity of the structures was 
unknown. As defined in 44 CFR §59.1, a levee system is: “a flood protection system which consists of a levee, 
or levees, and associated structures, such as closure and drainage devices, which are constructed and operated in 
accordance with sound engineering practices” (emphasis added). Although such embankments can provide a degree 
of flood protection, they can also be the source of catastrophic failures. If embankments are to be included in a 
levee system, they need to be subject to the same examination as levees designed specifically for flood protection 
purposes or the definition modified to exclude them because they were not designed to provide risk reduction 
from flood damages (ILPRC, 2006). 

44 CFR §64.3 Flood Insurance Maps

Under current procedures, areas behind accredited levees are normally shown as Zone X or a shaded Zone X 
with the latter frequently indicating the presence of a levee. Section 64.3 identifies Zone X as either an area “of 
moderate flood hazards or areas of future-conditions flood hazard” or an area “of minimal hazards.” FEMA’s Map 
Service Center indicates that a shaded Zone X is an “Area of moderate flood hazard, usually the area between the 
limits of the 100-year and 500-year floods. Are also used to designate base floodplains of lesser hazards, such as 
areas protected by levees from 100-year flood, or shallow flooding areas with average depths of less than one foot 
or drainage areas less than 1 square mile” (Appendix E). Neither of these definitions adequately identifies areas 
behind accredited levees. Establishing a unique zone designation for areas behind levees would more clearly dis-
tinguish areas behind accredited levees from the 0.2 percent annual chance floodplain and the one percent annual 
chance floodplain and would provide clarity and assist in risk communication (ILPRC, 2006).

44 CFR §65.10, Mapping of Areas Protected by Levee Systems

If the definition of a levee system in 44 CFR §59.1 is modified to specifically exclude embankments, such as 
roads and railroads that were not engineered to provide risk reduction from flooding, similar modification of 44 
CFR §65.10 is necessary (ILPRC, 2006). This would ensure that nonengineered levee systems are not certified as 
providing protection from the base flood.

As part of periodic update of FRIMs (map modernization), all levees are being subjected to analysis as 
they are mapped. Even though the map modernization program has a high priority, at current resource levels, 
the period between updates may be lengthy. It is important that, independent of the mapping of levees, FEMA 
maintain some degree of surveillance over the integrity of levees in the NFIP (ILPRC, 2006). At present, once 
accredited, a levee maintains this status until the next update. Rather than allowing accreditation to remain in 
effect until the FIRM is revised, periodic submission of operation and maintenance records as well as a writ-
ten assessment of the levee systems performance in any flood events that have occurred to FEMA is needed. 
Furthermore, periodic recertification of the engineering and geotechnical aspects of the levee is critical. These 
continued actions verifying to FEMA that an accredited levee maintains its integrity would require modifica-
tion of 44 CFR §65.10. 

The design of levee systems is based on conditions at the time of the design including the flow and channel 
carrying capacity. As a result of upstream activity or normal geomorphic processes, the flow can be increased 
and the carrying capacity of these channels can be significantly reduced, thereby increasing the elevation of the 
base flood and reducing or eliminating the capability of an accredited levee to pass the base flood. Attention to 
the maintenance of these channels is an important part of maintaining the integrity of the levee system. Assurance 
that the flood carrying capacity of the main river channel is maintained is critical. Channel maintenance preserves 
the required level of protection, ensures that encroachments are controlled, and that an increased flow does not 
affect the integrity of the levee or the ability of the levee sponsor to maintain the levee and fight floods, when 
necessary (ILPRC, 2006).

http://www.nap.edu/18309


Levees and the National Flood Insurance Program: Improving Policies and Practices

Copyright National Academy of Sciences. All rights reserved.

IMPLEMENTING FLOOD RISK MANAGEMENT STRATEGIES	 117

To ensure that levees are designed to meet widely recognized standards, FEMA, in the past, has included 
references to the appropriate USACE manuals.9 During the establishment of the NFIP and the inclusion of levees 
in the program, FEMA worked in close coordination with USACE to determine the appropriate design guidance to 
be used in construction of levees and in their evaluation and ceded to USACE the lead in several areas. The above 
recommendations reflect the 2006 documents available but need to be adjusted to reflect more recent publications.

An Inventory of the Nation’s Levees 

The first step in properly dealing with levee risk and developing flood risk management strategies is to identify 
the location, condition, and ownership of levees, as well as the extent of the areas protected by the levee and the 
consequence of failure or overtopping (i.e., assets and lives), if it should occur. Compiling this information and 
making it readily available is fundamental to ensuring public safety and reducing flood losses. Because levees can 
alter natural hydrologic flows, knowledge of their location, properties, and conditions is essential to understand-
ing, quantifying, and mitigating flood hazards, including working to increase public awareness of vulnerability 
during a flood event. Although some responsibilities have been assigned by Congress to FEMA and USACE for 
developing and maintaining levee information, several states and communities also are working to develop and 
maintain this information. 

The U.S. Army Corps of Engineer’s National Levee Database

The biggest single resource for levee data in the United States is the National Levee Database (NLD). Admin-
istered and populated by the USACE, the NLD was authorized by Congress in the 2007 Water Resources Develop-
ment Act. Congress directed the Secretary of the Army to establish and maintain a database with an inventory of 
the nation’s levees; the database was to include:

(A) location information of all Federal levees in the Nation (including global information system information) 
and, for non-Federal levees, such information on levee location as is provided to the Secretary by State and local 
governmental agencies; (B) utilizing such information as is available, the general condition of each levee; and (C) 
an estimate of the number of structures and population at risk and protected by each levee that would be adversely 
impacted if the levee fails or water levels exceed the height of the levee. (WRDA, 2007) 

Appropriations for the database since 2007 have been insufficient to carry out the charge (Eric Halpin, USACE, 
personal communication, November 7, 2011). The NLD currently includes the more than 2,500 levees and asso-
ciated structures (together known as “levee systems”) that total more than 14,500 miles in length, cataloged in 
digital format. This includes levees that were built by USACE and are still operated and maintained by USACE 
(2,800 miles), built by USACE and turned over to local sponsors to operate and maintain (9,500 miles), or are 
under USACE oversight under Public Law 84-9910 program that permits USACE to provide pre-and post-disaster 
assistance to nonfederal levees that meet certain standards of performance (2,200 miles) (Bryan Baker, USACE, 
personal communication, January 13, 2013; USACE, n.d.b). All data except information that could be considered 
to affect national security are accessible to both official data users and partners such as federal, state, and local 
governments, sponsors, and the general public (USACE, 2012c).11 It should be emphasized that levee data are 

9  Reference USACE Engineer Manual EM 1110-2-1413, Engineering and Design, Hydrologic Analysis of Interior Areas as the acceptable/
preferred methodology for interior drainage analysis. [65.10(b) (6]. Reference the USACE Levee Owners Manual for Non-Federal Flood 
Control Works as required for operation, maintenance, and inspection guidance and procedures for non-Federal levees and floodwalls [65.10(c) 
and 65.10(d)]. 

10  Under Public Law 84-99, Flood Control and Coastal Emergency Act, USACE is authorized to undertake activities including disaster 
preparedness, advance measures, emergency operations (flood response and post-flood response), rehabilitation of flood control works threat-
ened or destroyed by flood, protection or repair of federally authorized shore protective works threatened or damaged by coastal storm, and 
provisions of emergency water due to drought or contaminated source.

11  See http://nld.usace.army.mil/egis/f?p=471:1:0::NO for additional information.
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currently being collected from a variety of sources. Based on discussions with FEMA and USACE staff, the com-
mittee expects that the accuracy of the NLD and FEMA levee data will improve over time.

Currently, any data provided to USACE for inclusion in the NLD on levees that do not fall under the auspices 
of USACE and its national portfolio are collected on a voluntary basis. Efforts are under way to integrate the levee 
data collected on the communities that participate in the NFIP into the NLD, which will improve the information 
in the levee database (NRC, 2012b). Though USACE is working closely with other federal agencies and nonfed-
eral levee owners to incorporate their data into the NLD on a voluntary basis, this current effort is not likely to 
yield the desired results (e.g., the building of a comprehensive national levee inventory) because of its voluntary 
nature (Eric Halpin, USACE, personal communication, 2011). Additionally, information collected and information 
voluntarily supplied are not likely to be in a format consistent across states, tribes, and local and regional entities, 
challenging the development of a comprehensive understanding. 

FEMA Mid-Term Levee Inventory

FEMA has long maintained an inventory of NFIP-accredited levees; however, in 2006 the ILPRC reported 
that “various levee databases have been developed, but for the most part they are not geospatially referenced, are 
incomplete, and lack usable information concerning the condition of the levees and attendant supporting structures” 
(ILPRC, 2006). As a result, in FY 2007, FEMA funded and developed the FEMA Mid-Term Levee Inventory 
(MLI) database, which was designed to complement the NLD and uses a data model extracted from the NLD’s 
database. Whereas the NLD inventories levees of all protection levels, the MLI gathered levee data for structures 
designed to provide protection from a base (one percent annual chance) flood, to better to support the production 
of countywide flood insurance studies and Flood Insurance Rate Maps (FIRMs) and any other levees that were 
located in the area covered by FIRMs (FEMA, 2012b; Figure 6-12).

Maintenance of the MLI data is performed at FEMA’s regional level and additional levee data is added as it 
becomes available (FEMA, 2012b). As of November 2012, the inventory identified approximately 29,800 miles 
of levees. Of those, approximately 5,100 miles have been or are accredited or in Provisionally Accredited Levee 
(PAL) status (i.e., NFIP levees) and 22,000 miles are not part of the NFIP but are located on FIRMs and could 
affect hydraulics in those areas or provide protection at less than the one percent annual chance flood level (FEMA, 
2012b). These latter levees were identified by FEMA’s Production and Technical Services contractors in counties 
covered by FIRMs. 

Overlaps

There is currently no method for determining whether a levee in the NLD is also in the FEMA MLI except 
through a one-by-one comparison of certain levee characteristics. Because some data elements in the two invento-
ries are different, USACE and FEMA have been attempting to manually look for overlaps, but have yet to complete 
the effort. A preliminary analysis by both agencies indicates that approximately 3,400 miles of accredited or PAL 
levees (66 percent of NFIP levee miles) may be operating under oversight of both agencies (Figure 6-13). Because 
the 2012 Flood Insurance Reform and Modernization Act requires the two agencies to synchronize their analyti-
cal methodologies where both agencies inspect the same levee, FEMA and USACE have accelerated their efforts 
to define overlaps (David Bascom, FEMA, personal communication, November 1, 2012; Bryan Baker, USACE, 
personal communication, December 9, 2012).

Total Miles of Levees in the United States

The National Committee on Levee Safety (NCLS), a group of federal, state, local, and private-sector members 
with expertise in representing national interests in levee safety, was convened in 2008 to prepare recommendations 
and a strategic implementation plan on a National Levee Safety Program with direction from Congress under the 
Water Resources Development Act of 2007 (NCLS, 2009). The draft NCLS report was issued in 2009 (ASFPM, 
2012). 
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Acknowledging the fact that little was currently known about the specific size of the national levee portfolio 
outside efforts at the federal level, the NCLS formulated an estimate of the number of privately owned and state 
levees by extrapolating data entered by the state of California into their levee inventory database and then apply-
ing that ratio of USACE program and other federal levees to private and nonfederally owned levees across the 
nation. The NCLS estimated that there may be 100,000 or more miles of levees (including thousands of miles of 
irrigation and water-supply canal embankments) that were built by federal, public, or private entities and operated 
by nonfederal, public, or private organizations. The current inventories in the NLD and MLI have identified less 
than 32,000 miles of levees. Mapping under the NFIP covers areas containing 92 percent of the U.S. population 
and more than 21,000 communities with flood-prone areas, logically the areas in need of levees. Analysis, discus-
sions with members of the NCLS, and site visits by this committee indicate that levees not contained in the NLD 
and MLI probably represent small individually owned levees, private levees used to protect industrial assets, and 
roads and railroads that act as levees. It is also likely that the NCLS estimate, based on the California inventory, 
overestimated the number of levees, given that the California levee population is one of the densest in the nation 
and is not reflective of the nation as a whole (Figure 6-10). Based on the judgment of the committee, the total 
mileage of significant levees in the United States, excluding embankments, is estimated to be under 50,000 if not 
under 40,000 miles. 

The NCLS report recommended that Congress grant USACE the authority and appropriation to expand and 
maintain the National Levee Database by conducting a one-time inventory and assessment of all nonfederal levees 
and canal embankments12 in the United States (NCLS, 2009). Such an action would allow for baseline informa-
tion on levee performance to be collected for the entirety of the nation’s levee systems, resulting in an accurate, 
cost-effective, and efficient decision-making process when it comes to managing the nation’s levee portfolio. 
Upon completion of this one-time inventory, the responsibility for periodic inventory and inspection updates to 
the NLD would fall to the states where these levees are located. Congressional action has yet to be taken on this 
recommendation.

State Levee Inventory Efforts

As of 2006, only Wisconsin and North Dakota had geospatial inventories of levees; Illinois, Mississippi, North 
Dakota, Ohio, and California had some levee database efforts under way (ILPRC, 2006). Today, the majority of 
states still do not have levee inventories (Larry Larson, ASFPM, personal communication, September 2012). As 
an example of what can be accomplished, the California Department of Water Resources (CA DWR) has created 
the California Levee Database (CLD), a “statewide central repository for levee and flood control structures for use 
by public agencies for flood risk assessments and emergency response” (Rod Mayer, CA DWR, personal com-
munication, 2012). Using data from sources such as the NLD, FEMA’s Mid-Term Levee Inventory, CA DWR, 
and the California Emergency Management Agency, as well as local agencies and publicly available maps, the 
CLD includes more than 13,725 miles of levees and levee-like structures within the state. Currently, the inventory 
includes 92 percent of all state–federal State Plan of Flood Control (SPFC) levees13 in the state, 85 percent of all 
non-SPFC levees, and 71 percent of all local levees. 

Washington State has also taken steps to create a levee inventory. In the absence of a comprehensive national 
levee inventory, the state, well aware of its status as being one of the more flood-prone states in the nation, com-
missioned and conducted the Statewide Levee Inventory and Flood Protection Study to better understand the 
current status of accredited levees within its borders. This study was divided into two parts: the Washington State 
Final Report on Levee Certification and Accreditation, which summarized current levee policies and practices, 
and the development of a statewide inventory that includes the location, level of protection, and certification/

12  Canal embankments, although not designed to protect areas from flooding, can pose threats to some communities. When embankment 
walls are aboveground, the water they contain can break through and flood nearby areas. In 2008, over 300 homes in Fernley, Nevada, flooded 
when the walls of an irrigation canal collapsed. In 2012, the first court settlement of numerous lawsuits awarded $10 million to 600 local 
residents for damages.

13  SPFC levees are federally authorized levees located in California’s Central Valley for which the state has provided assurances of coopera-
tion with the federal government (CA DWR, 2010).
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accreditation status of all currently known levees14 at the statewide level (Resilience Institute, 2010). Of the 697 
miles of identified levees found within the state, 18 percent (approximately 125 miles) were found to currently 
be accredited, provisionally accredited, or de-accredited. Only 9 percent (approximately 62 miles) of all levee 
miles were found to be accredited. The long-term goal is that the Washington inventory will be strengthened to the 
point where it will be a useful tool in developing a prioritized list of levees needing site-specific attention (such 
as repair, certification and accreditation, and/or removal) and in the prioritization of state support for such levees 
(Resilience Institute, 2010).
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Inherent to the National Flood Insurance Program’s (NFIP’s) purpose of providing the opportunity for insur-
ance purchase in flood-prone areas and the need to reduce flood damages across the nation is the need to develop 
public awareness of flood risk. Risk communication is the purposeful exchange of information about the types of 
risks and their likely impacts, and alternatives for managing the risks including benefits and costs. It is an itera-
tive and interactive process involving a two-way mode of communication between sources and recipients of the 
information (Morgan et al., 2001). NRC (1989) defines risk communication as

an interactive process of exchange of information and opinion among individuals, groups, and institutions. It involves 
multiple messages about the nature of risk and other messages, not strictly about risk, that express concerns, opinions, 
or reactions to risk messages or to legal and institutional arrangements for risk management.

Risk communication includes both the risk information itself (messages) and sources of such information (mes-
senger), as well as the channels (media) used in the delivery of the communication (e.g., mass media, social media, 
text messaging, face-to-face).

The goals of risk communication are to foster a communications environment based on trust and credibility, 
to provide sufficient information to an audience so that they can make informed decisions about risk-reducing 
behaviors, and to involve stakeholders in the decision-making process (NRC, 1989). Thus the risk communica-
tion process begins with the development of the risk management strategy including the identification of risk, its 
assessment, and the management of alternatives. Risk can be viewed very differently by sources and recipients. For 
example, the scientific community prefers to present information in an objective manner generally using statisti-
cal information and probabilities. The general public generally looks at risk information from a more subjective 
perspective and how it relates to their individual experience and self-benefit. In the latter case, perception and 
trust in and perceived credibility of the messenger are key determinants of the positive receptivity of the message 
(Fischhoff and Kadvany, 2011). 

The challenges associated with communicating levee-related flood risk begin with challenges associated 
with the public perception of flood risk. Communicating the concept of residual risk behind a levee presents 
an additional challenge beyond the public perception of flood risk. The variety of levee-related stakeholders, 
including several federal agencies with different roles and responsibilities who are sources and recipients of 

7

Understanding and Communicating 
Flood Risk Behind Levees
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risk information, add additional complexity. So, rather than one entity confronted with the challenge of com-
municating risk to the public, levee-related flood risk communication efforts face the challenge of presenting 
a unified, effective communication among governments at all levels, as well as among agencies, the private 
sector, and the public. 

Risk communication activities include both “regulatory” and “nonregulatory” communication products. Regu-
latory flood risk communication products are those centered on FEMA’s Flood Insurance Rate Maps (FIRMs) and 
related documents (e.g., flood insurance studies), and nonregulatory products are all other FEMA products that 
communicate flood- and levee-related flood risk.

UNDERSTANDING FLOOD RISK PERCEPTION

Communication of flood risks to residents has a number of inherent challenges that affect stakeholders and 
begin with their perception of flood risk. Risk communication efforts can be enhanced by understanding risk 
perception.

First, people generally underestimate flood risk (Botzen et al., 2009; Kousky and Kunreuther, 2010; Kousky, 
2011; Wood et al., 2012). This is due to misunderstanding about the frequency of flooding. Such underestimates 
are based on the tendency to recall or remember the most severe, or infrequent flood events, rather than the less 
severe but more frequent ones. It is also based on misunderstandings of the likely damages from various magni-
tudes of flooding.

Second, residents often misunderstand the term “100-year flood” and assume that if an event occurs, it will 
not happen for another 100 years (Pielke, 1999; Kousky and Kunreuther 2010; USGS, 2010; Ludy and Kondolf, 
2012). The designation of the one percent annual chance flood is more effective in communicating uncertainty 
and is being promoted as such (Bell and Tobin, 2007; USGS, 2010). However, this does not necessarily translate 
into protective actions such as the adoption and/or implementation of risk reduction measures, as illustrated by 
low insurance penetration rates (Chapter 5). 

Third, there is mixed empirical evidence to support the conclusion that increased risk perception translates 
into actions to reduce flood risk (e.g., mitigation) (Terpstra et al., 2009; Bubeck et al., 2012; Kellens et al., 2012; 
FEMA’s annual national surveys, mentioned later in this chapter). Although there is a positive association between 
risk perception and protective actions, it is more likely that other factors are more important, such as personal 
experience, personal attributes, and evaluations of the protective actions themselves. 

Fourth, undertaking protective actions against flood risk, such as purchasing insurance and elevating homes, 
is more likely to be based on their efficacy and cost of implementation (Soane et al., 2010; Harvatt et al., 2011). 
Residents will evaluate the likely outcomes of protective actions according to varying levels of desirability, and if 
the outcome is viewed favorably and one that is desirable, it is more likely that a household or resident undertake 
that protective action (Grothmann and Reusswig, 2006; Bourque et al., 2012; Keller et al., 2012; Lindell and Perry, 
2012; Wood et al., 2012). 

Fifth, there is considerable trust in flood control structures in preventing flood risks (Ludy and Kondolf, 2012). 
This is shown by lower insurance purchase rates in areas with levee protection compared with those without the 
same, for example, in the St. Louis region (Kousky, 2011). Tobin (1995) notes that levees can actually increase the 
potential for flood loss by generating a false sense of security, the “levee effect,” due to perception that the pos-
sibility of flooding has been eliminated, the lack of preparation for a flood event, and greater development behind 
the levee adding to the amount of property placed at risk. Thus, a fallacy that “levees prevent damages” occurs in 
society (Pielke, 1999), confounding the effective communication of residual risk in leveed areas. 

Sixth, people will take the opinions and actions of friends, family, and neighbors into account in behavioral 
responses, a social exchange that is often termed milling or information seeking. In this regard, social networks 
are often more important than official sources of information about risks and mitigation options (Harvatt et al., 
2011; Bourque et al., 2012). 

Seventh, risk perception and behavioral responses are often influenced by experience with flooding. If there 
is little or no experience with flooding, then the negative effects of floods tend to be underestimated (Siegrist and 
Gutscher, 2008) and this provides less motivation to residents or households to engage in protective responses 
(Harvatt et al., 2011). 
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Eighth, risk communication tends to focus on the technical or material costs/benefits to trigger mitigation, 
yet recent research suggests that the emotional and experiential aspects of flooding provide more impetus for 
undertaking behavioral responses (Siegrist and Gutscher, 2008; Harries, 2012).

Ninth, a number of studies have examined the adoption of flood insurance and a number of their findings are 
relevant. In particular, if homeowners received information about the risk they will face over a longer time period 
(e.g., based on a 30-year period or the lifetime of a mortgage), they perceived more potential damage to their house 
than if they received the same risk information for 1 year (Keller et al., 2006). Also, the median length of time 
for holding onto flood insurance policies in the United States is 2 to 4 years, with people who have experienced 
small flood claims holding onto their insurance longer than those who experienced larger flood claims (Michel-
Kerjan et al., 2012). 

Finally, a number of studies on St. Louis found that insurance purchase was rather low, even with mandatory 
requirements (Kousky and Kunreuther, 2010; Kousky, 2011). Flood risk was a key determinant of the purchasing 
decision. As expected, there was more insurance purchase in the one percent annual chance floodplain due to the 
increased flood risk and mandatory purchase requirement. On the other hand, insurance purchase behind levees 
was less as residents perceived the area as “safe” (Kousky and Kunreuther, 2010; Kousky, 2011).

Development of appropriate strategies for risk communication is part of the overarching formulation of flood 
risk management (Chapter 3, Figure 3-3; Chapter 6). In developing risk communication strategies, key challenges 
identified from a further understanding of risk perception need to be considered:

1.	 The meaning of the phrase “100-year” floodplain and, to a lesser degree, the one percent annual chance 
flood is often misunderstood.

2.	 Awareness of risk does not always lead to actions to reduce or mitigate risk.
3.	 People assume that flood control structures are “safe” with no need to take additional actions to mitigate risk. 
4.	 Experience with floods matters and influences the actions that residents and communities take to mitigate 

the impacts.
5.	 People will seek advice from friends, family, and neighbors on the determination of risk and actions to 

reduce flood risk.
6.	 Personalized risk assessment, based on experience and feelings, is more likely to motivate behavioral action 

than simply providing technical information about risks and consequences. 

Understanding the above factors ensures that risk communication messaging is able to overcome the barriers 
associated with communicating levee-related flood risk. 

BRIEF HISTORY OF RISK COMMUNICATION IN THE NFIP

Early in the NFIP’s history, it was thought that risk communication efforts would be largely undertaken by 
communities participating in the NFIP. FEMA provided guidance for local officials to use in efforts at the local 
or state level to reduce flood losses in high-risk areas and identified “areas behind unsafe or inadequate levees” 
as one of nine high-risk areas (FEMA, 1987). A “regular schedule for communication between engineering, plan-
ning, and emergency management personnel to provide consideration of levee hazards in land use decisions” was 
suggested for communities with levees (FEMA, 1987). For the most part, until 2005, FEMA used the term “risk” 
to describe a “hazard” as a consequence; probabilities other than flood frequencies were not considered. 

Early outreach to communities revolved around adoption of the initial mapping products: Flood Hazard 
Boundary Maps (FHBMs) and Flood Insurance Rate Maps (FIRMs) (Figures 7-1 and 7-2). The FHBM, an official 
map of a community issued by FEMA, delineated Special Flood Hazard Areas (SFHAs) and was prepared using 
available data or approximate methods to identify the areas within a community subject to inundation by a one 
percent annual chance flood (FEMA, 1995). The FIRM, also an official map of the community issued by FEMA, 
delineates both the special hazard areas and the applicable risk premium zones.1 The FIRM is developed using the 

1  Title 44, Chapter 1, Code of Federal Regulations (1990), National Flood Insurance Program (Regulations for Floodplain Management and 
Flood Hazard Identification). 
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hydrologic and hydraulic analyses to develop base flood elevations and designate risk zones during flood insur-
ance studies (FISs) (FEMA, 1995). The Digital Flood Insurance Rate Map (DFIRM) is a digital conversion of the 
paper FIRM that has been updated and georectified. 

The 1968 National Flood Insurance Act intended that all SFHAs be identified and maps published within 5 
years, and that these data be used to establish within 15 years the flood risk zones and associated insurance pre-
mium rates based on risks involved and accepted actuarial principles (FEMA, 1995). When it became evident that 
the needed FISs would not be completed in that time frame, Congress took action and authorized an Emergency 
Program (FEMA, 1995). Until the more detailed FIRMs were available, the FHBMs could be used to expand par-
ticipation in the NFIP; this Emergency Program could offer insurance at nonactuarial, federally subsidized rates 
(FEMA, 1995). To further encourage participation in the NFIP, Congress required in the Flood Disaster Protection 
Act of 1973 that communities with flood-prone areas be notified of their flood hazards; this was also accomplished 
using the FHBM (FEMA, 1995). These initial risk (or hazard) communication efforts served to advise communities 
of their flood hazard as early as practicable, and sought to encourage action by communities to address and lessen 
their vulnerability. In the 1990s, the Mitigation Directorate was established within FEMA, Project Impact was 
launched (FEMA, 2011a), and the Community Rating System codified in the National Flood Insurance Reform 
Act of 1994 (H.R. 103-3191), all setting the stage for increased community involvement. 

Historically there was little information about levee risk available to local communities other than FHBMs 
and FIRMs, which are focused on identifying the hazard, or areas flooded by the 0.2 percent and one percent 
annual chance floods for food insurance rating purposes. Today, the primary nationwide resource for information 

FIGURE 7-1 Example of a Flood Hazard Boundary Map. 
SOURCE: FLOOD MAPS, May 1, 2008. Available online at http://www.fema.gov/pdf/nfip/manual200810/16map.pdf. 
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on flood-prone areas remains the FIRM. Private insurers assess exposure and offer flood insurance coverage based 
on FIRMs. To illustrate, preliminary estimates reported private-sector (re)insurance losses as a result of Hurricane 
Sandy in 2012 that range from $10 billion to $25 billion (BestWire, 2012; Insurance Insider Weekly Newsletter, 
2012). However, this creates a challenge in leveed areas because older FIRMs do not explicitly identify areas as 
being behind accredited levees; thus, levee risk cannot be identified using the map alone. 

Newer FIRMs, such as in Figure 7-2, indicate areas behind accredited levees as being Shaded Zone X; how-
ever, this zone designation is used to identify hazard areas of moderate to low risk. This lack of clear information 
promotes the misperception that areas behind levees are not subject to flooding and “safe.” This misperception is 
also promoted by the mandatory purchase requirement (Chapter 5). 

FIGURE 7-2 A Flood Insurance Rate Map for a section of Greenville, Mississippi, along the Mississippi River. The blue areas 
are within the SFHA (Zone AE) and the gray area (Shaded Zone X) represents areas behind accredited levees. 
SOURCE: FEMA Map Service Center. Available at http://map1.msc.fema.gov/idms/IntraView.cgi?KEY=93429510&IFIT=1 
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CURRENT FLOOD RISK COMMUNICATION EFFORTS

Throughout its duration the NFIP and its risk communication strategy continued to evolve toward one that has 
a more engaged agency working in a shared effort with the many stakeholders that make use of and are impacted 
by the NFIP. A number of federal agencies, states, local communities, and nongovernmental organizations are 
actively engaged in flood risk communication efforts that share information about levees directly or indirectly 
and support the mission of the NFIP in general and risk communication about levees in particular (Table 7-1). A 
number of the more significant efforts in communicating levee flood risk are briefly described below. 

FloodSmart

FloodSmart began in 2004 as a marketing campaign to increase the number of policies in force (Vrem, 2010). 
It has evolved into a multifaceted communication tool. Presently, FloodSmart, its website,2 and its associated 
activities are the primary communication avenues for information regarding the NFIP and the treatment of levees 
within the NFIP.3 

FloodSmart provides Web-based information in five main areas related to flood risk generally and flood risk 
behind levees specifically. First, flooding and flood risk includes information on causes of flooding, defining flood 
risk, tutorials on understanding flood maps as well as information regarding map changes and updating flood 
maps. In addition to this, the website has three multimedia and interactive applications or tools: one on flood risk 
scenarios, one on the cost of flooding, and a third called the levee simulator, which illustrates how levees work 
and the causes of levee failures. The second main topical area is the detailed information regarding the NFIP itself. 
Here the site describes coverage within the NFIP and when insurance is required, and locator information for insur-
ance agents and estimations of premiums. The third area focuses on residential coverage which describes policy 
options for homeowners, renters, and condo owners/renters, including basic information, rates, what is covered, 

2  See FloodSmart.gov.
3  FEMA has other Web-based applications and publications for communicating flood risk, for example, the eWatermark publication available 

online at http://www.nfipiservice.com/watermark/index.html.

TABLE 7-1: Timeline of Establishment of Programs and Efforts That Communicate Flood Risk Information 
Behind Levees to and from the National Level

Program or Activity
Date of  
Establishment

Flood Risk Communication Efforts Specific to 
Levees

So You Live Behind a Levee (ASCE)a 2010 Public education booklet about risk living behind 
a levee

Silver Jackets (USACE, FEMA, and state agencies)b 2006 Flooding with some specifics on levees

National Flood Risk Management Program (USACE) c 2006 Reducing overall flood risk including appropriate 
use of levees 

FloodSmart (FEMA)d 2003 Levee simulator 
Levee toolkit

Community Rating System (FEMA)e 1990 Credits for levee maintenance given to communities 
to reduce insurance rates 

Stakeholder organizations (ASFPM and NAFSMA) f 1976, 1978 State and local flood and levee risk

aSee http://www.asce.org/Content.aspx?id=2147488910.
bSee http://www.nfrmp.us/state/.
cSee http://www.nfrmp.us/.
dSee http://www.floodsmart.gov/floodsmart/.
eSee http://www.fema.gov/national-flood-insurance-program/community-rating-system.
fSee http://www.floods.org/.
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questions for the agent, and locations of agents. The fourth area provides similar information for commercial 
properties. Finally, the last area communicates information on preparation and recovery, especially on what to do 
after the flood and how to file a claim. 

On all of the FloodSmart webpages, there is an interactive one-step flood risk profile where one can insert 
the property address and the level of risk along with estimated annual premiums, and a list of agents serving the 
area appear (Figure 7-3). As an aid for communication, the site also has videos, media resources including public 
announcement scripts, and background information about the NFIP. A Levee Toolkit is available to educate citizens 
about flood risk associated with living behind a levee and information about flood insurance behind a levee.4 The 
toolkit does so by describing three scenarios a community might face: (1) levees are no longer accredited, (2) 
levees are newly accredited, and (3) levees are under review or provisionally accredited. The website is easy to 
navigate and filled with informative content for interested parties.

Risk MAP

Begun in FY 2009, Risk Mapping, Assessing, and Planning (Risk MAP) is the extension of FEMA’s map 
modernization efforts to improve flood hazard mapping through advanced technologies. According to FEMA, “The 
vision for Risk MAP is to deliver quality data that increases public awareness and leads to action that reduces risk 
to life and property”5 (Figure 7-4). 

4  See http://www.floodsmart.gov/toolkits/.
5  See http://www.fema.gov/rm-main#.

FIGURE 7-3 FEMA’s one-step flood risk profile that provides quick information on flood risk, estimated flood insurance 
premiums, and insurance agents in the area. 
SOURCE: www.floodsmart.gov/floodsmart.
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The goals for Risk MAP, as identified in the Risk MAP multiyear plan (spanning FY 2010 through FY 2014), 
are to

Address gaps in flood hazard data to form a solid foundation for flood risk assessments, floodplain management, 
and actuarial soundness of the NFIP, 
  1.  Ensure that a measurable increase of the public’s awareness and understanding of risk management results in 
a measurable reduction of current and future vulnerability to flooding, 
  2.  Lead and support state, local, and tribal communities to effectively engage in risk-based mitigation planning 
resulting in sustainable actions that reduce or eliminate risk to life and property from natural hazards, 
  3.  Provide an enhanced digital platform that improves management of limited Risk MAP resources, stewards 
information produced by Risk MAP, and improves communication and sharing of risk data and related products to 
all levels of government and the public, 
  4.  Align Risk Analysis programs and develop synergies to enhance decision-making capabilities through effective 
risk communication and management.” (FEMA, 2009) 

Thus, Risk MAP is both a program for planning and assessment and a platform for delivering high-quality 
georeferenced spatial data, initially focused on flood risk but with capabilities for multihazard risk assessments. 
Moving to a GIS-based platform permits rapid updates of technical data. 

Living with Levees is a specific FEMA website within the Risk MAP program, devoted specifically to levee 
risk rather that a discrete program of activities.6 This website provides detailed information for a number of stake-
holders including home and business owners; community officials; real estate, insurance, and lending profession-
als; technical partners (e.g. engineers, surveyors, contractors); and the media. Most of the links are to additional 
informational brochures or tools such as FloodSmart’s levee simulator. The website contains general information 
that is useful, but detailed technical information that could help households understand or mitigate their flood risks 
is limited. Most of the website features links to FEMA program descriptions, documents, and online tutorials on 

NFIP, and the use of geospatial information systems (GIS) in flood mapping.

6  See http://www.fema.gov/living-levees-its-shared-responsibility.

FIGURE 7-4 The vision for the Risk MAP life cycle, which begins with identifying risk, assessing risk, communicating risk, 
and mitigating risk. 
SOURCE: http://www.fema.gov/rm-main.

http://www.nap.edu/18309


Levees and the National Flood Insurance Program: Improving Policies and Practices

Copyright National Academy of Sciences. All rights reserved.

UNDERSTANDING AND COMMUNICATING FLOOD RISK BEHIND LEVEES	 135

Community Rating System

The CRS is a part of the NFIP designed to provide incentives to communities to go beyond the minimum level 
of requirements of the NFIP. It rewards communities through discounts on flood insurance from 5 to 45 percent 
based on floodplain management and public information activities. Points are awarded in four broad categories 
(called a series): public information, mapping and regulations, flood damage reduction, and flood preparedness. 
Within each of these are a number of activities. For example, the public information category includes making 
information available on flood insurance rate maps and outreach projects (series 300) (FEMA, n.d.). Each activity 
has a maximum number of points allotted. In the public information series, for example, the maximum points are 
awarded for activities related to outreach projects (380). In the flood damage reduction activity series (500), the 
maximum points are awarded for activities related to acquisition and relocation of properties (3,200). The credit 
points are cumulative, and for each increment of 500 points earned, a reduction of 5 percent in the premiums for 
flood insurance is realized (FEMA, n.d.).

Out of the total number of communities in the NFIP (21,8817), only 1,211 are in the CRS program (approxi-
mately 5.5 percent). However, policies held within CRS communities represent 68 percent of the policies in force 
and 69 percent of the insurance in force8 (Bill Blanton, FEMA, personal communication, July 10, 2012). Once 
points are earned, classifications are awarded and premium reductions are given to the community. The majority 
of participating communities are in the introductory class (56 percent) with premium reductions of 5-10 percent, 
followed by the intermediate class (43 percent) with percent premium reductions of 15-25 percent, and then the 
advanced class (less than 1 percent) with premium reductions of 30 percent or more (FEMA, 2012).

High Water Mark Initiative

The High Water Mark Initiative (also known as Know Your Line: Be Flood Aware) is a recent initiative involv-
ing nine federal agencies,9 designed to raise flood awareness and motivate actions at the individual level to reduce 
risk.10 The initiative began in 2012 by soliciting six pilot communities to showcase the most severe flood that 
has affected the community by posting high-water-mark signs on prominent buildings. As such, it relies on local 
implementation to offer a testimony that identifies how high floodwaters have risen in the past. It is unclear as to 
whether the pilot program will illustrate high water marks behind the levee, pre-levee. This would be an important 
way to communicate flood risk.

National Flood Risk Management Program

The National Flood Risk Management Program (NFRMP) established by USACE in 2006 is designed to 
integrate and synchronize flood risk management programs across USACE, with federal, state, and local partners. 
The risk communication efforts of this program include providing risk information to the public from flood damage 
reduction infrastructure, improving public awareness and understanding of flood hazards and risk, and providing 
accurate floodplain management information to the public and decision makers. These goals are achieved through 
an inventory and assessment of levees that are under USACE jurisdiction (the National Levee Database, discussed 
in Chapter 8), and working collaboratively with FEMA to jointly develop risk communication strategies.

	 An innovative, collaborative initiative, the Silver Jackets Program is designed to bring together state, federal, 
and local agencies to “learn from each other and apply this knowledge to reduce risk.” Part of the larger USACE 
National Flood Risk Management Program, the goals of the Silver Jackets program are to 

7  As of June 2012. 
8  Insurance in force is the total of the limit of insurance purchased on each policy. 
9  FEMA, National Oceanographic and Atmospheric Administration (NOAA), National Park Service, U.S. Army Corps of Engineers (US-

ACE), U.S. Department of Agriculture, U.S. Department of Housing and Urban Development, U.S. Geological Survey (USGS), and U.S. 
Small Business Administration. 

10  See http://onlinepubs.trb.org/onlinepubs/conferences/2012/securitysummit/presentations/brown.pdf.
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  •  Create or supplement a mechanism to collaboratively address risk management issues, prioritize those issues, 
and implement solutions;
  •  Increase and improve risk communication through a unified interagency effort;
  •  Leverage information and resources, including providing access to such national programs as FEMA’s Risk 
MAP program and USACE’s Levee Inventory and Assessment Initiative; 
  •  Provide focused, coordinated hazard mitigation assistance in implementing high-priority actions such as those 
identified by state mitigation plans;
  •  Identify gaps among the various agency programs and/or barriers to implementation, such as conflicting agency 
policies or authorities, and provide recommendations for addressing these issues.11

The Silver Jackets process is centered at the state level and supported at the federal level primarily by USACE 
and FEMA. State agencies form federal-state-stakeholder teams that meet regularly to discuss a state’s flood risk 
management priorities among stakeholders. Currently, 33 states have interagency, Silver Jacket teams. With the 
state in the lead, each team is encouraged to include other federal agencies that could advance flood risk manage-
ment goals in the Silver Jackets forum, for example, NOAA–National Weather Service, Department of the Interior, 
and the USGS. 

Living Behind a Levee

	 The American Society of Civil Engineers (ASCE) is a nonprofit professional society. One of its many roles 
is to help protect public safety through improved learning within the profession, but also among the general public. 
One key focus of the ASCE is to addresses disaster preparedness and response. The flood risk communication 
aspect of the ASCE is best seen in the preparedness guide, So, You Live Behind a Levee! What You Should Know 
to Protect Your Home and Loved Ones from Floods. Written for both the engineering and nonengineering public, 
the brochure emphasizes four essential levee facts: (1) flooding will happen, (2) risks associated with flooding 
vary, (3) no levee is floodproof, (4) actions taken now will save lives and property. 

CONTEMPORARY FLOOD RISK MAPPING 

Twenty-first century geospatial information technology has opened the door for vastly improved risk identifi-
cation and communication. The development of GIS has provided decision makers, land-use planners, floodplain 
managers, and numerous other parties connected with flood hazard to conduct detailed analyses of the multiple 
flood scenarios that bring together the built environment with the natural environment to create flood risk. Use of 
GIS in management of communities is ubiquitous, and few communities lack some form of GIS. FEMA’s DFIRMs 
provide an example of the use of GIS to identify flood hazards. 

Over the last decade, considerable effort, at the global scale, has been placed on research to improve the 
representation of flood risks on flood maps and to make the maps both dynamic and interactive. Today, maps are 
available that permit those living in the floodplain to determine the level of inundation of their property under 
various flood condition scenarios; to examine the consequences of a particular flood event, taking into account the 
risk-based analysis that produced the information; and to link real-time weather information with flood potential 
in a given region (Figure 7-5 and 7-6). New flood maps not only illustrate the floods and their consequences but 
also can dynamically portray such elements as availability of evacuation routes, shelter status, and threat levels. 
The future of such approaches is illustrated in the National Research Council report, Mapping the Zone Improving 
Flood Map Accuracy (NRC, 2009).

FEMA’s Risk MAP program is carefully examining new tools and, where appropriate, using them to better 
communicate flood risk under a variety of circumstances (Figure 7-7). Tying risk-based analysis to GIS will enable 
those living behind levees to gain a true perspective of their flood risk.

11  Both quotations are from http://www.nfrmp.us/state/.
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FIGURE 7-5 National Oceanic and Atmospheric Administration’s National Weather Service (NWS) flood inundation map of 
a segment of the Neuse River near Goldsboro, North Carolina, showing the extent of flooding when water levels are forecast 
to rise to a stage of 23 feet (blue) and the location of the one percent annual chance floodplain (blue green) from a FEMA 
map. The darker the blue, the greater is the depth of inundation. The water depth is 0 to 2 feet near the edge of the Seymour 
Johnson Air Force Base runway (red arrow). The green circle shows the U.S. Geological Survey (USGS) stream gauge where 
the NWS provides the river forecast. The topographic data, digital elevation models, and hydraulic models underlying the map 
were produced by the USGS office in Raleigh and the North Carolina Floodplain Mapping Program. 
SOURCE: http://water.weather.gov/ahps/inundation.php. Accessed January 28, 2013. 
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FIGURE 7-6 Flood risk maps for New Orleans, illustrating differences in levels of inundation for a 0.2 percent flood event 
(A) before and (B) after the completion of the post-Katrina one percent hurricane risk reduction levees. Water surface eleva-
tions are mean values, with a sensitivity of ±2 feet. The maps assume that the pumps inside the levees that evacuate interior 
floodwaters are operating at 50 percent capacity. 
SOURCE: USACE, New Orleans District, http://www.mvn.usace.army.mil/hps2/hps_risk_depth_map.asp. Accessed February 
17, 2013. 
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FIGURE 7-7 A Risk MAP pilot watershed-based flood risk map of “Watershed USA” containing nonregulatory data to aid in 
risk communication. At the top, the upper portion of Watershed USA is shown, containing detailed information about a variety 
of items influencing flood risk in the watershed. At the bottom, a closer view of the town of Floodville shows the different 
levels of flood risk by area. 
SOURCE:  Maps courtesy of FEMA Risk MAP. 
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EFFECTIVE FLOOD RISK COMMUNICATION

While FEMA, the USACE, and other groups have important roles at the federal level in providing informa-
tion on flood risk, it is local and state governments that drive behavioral changes to mitigate the risk. This is 
recognized and built into communication efforts implemented at the national level, described above; these federal 
agencies maintain a focus on communicating at the local level. Also, organizations with a focus on the state and 
local levels that facilitate communication of the state and local perspective to the national scale play a particularly 
important role (Box 7-1). 

Some flood-related risk communication efforts are very successful (Box 7-2), but metrics and evaluations of 
communication efforts are difficult to find. FEMA’s annual national surveys are an exception. These surveys were 
conducted in 2010 and 2011 to evaluate progress toward achieving goal 2 of Risk MAP, above, to “ensure that 
a measurable increase of the public’s awareness and understanding of risk management results in a measurable 
reduction of current and future vulnerability to flooding.”12 The surveys found that: 

•	 the percentage of community members who believed that their community was at risk from flooding was 
31 percent in 2012 and 41 percent in 2011, while fewer than 23 percent of those believing their community to be 
at risk believed that their home was at risk in 2011;

•	 68 percent of local public officials thought their community was at risk for flooding;
•	 47 percent of respondents expect to hear about flood risk from the mayor;
•	 local news, phone calls, and mailings were also preferred methods of communication at 87 percent, 25 

percent, and 24 percent, respectively;
•	 when asked about how frequently people heard from local officials about flood risk, the most common 

response was “never” in 2010 (41 percent) and in 2011 (45 percent); and
•	 those in coastal areas were slightly more aware of flood risk to their community (54 percent) or home (19 

percent) (FEMA, 2011b). 

California, in partnership with FEMA and USACE, recently sent mailed notices to property owners located 
behind a state-federal project levee as part of their FloodSAFE California Flood Risk Notification Program.13 
The Living with Levees: Know Your Flood Risk mailing campaign was evaluated through a readership survey to 
determine and improve effectiveness in 2010 and 2011.14 In 2010, 77 percent of survey respondents said that the 
mailing raised their awareness of flood risk “a lot” or “somewhat” (31 percent and 46 percent, respectively). This 
improved in 2011, with 85 percent noting that the mailing raised awareness of flood risk “a lot” or “somewhat” (28 
percent and 57 percent, respectively). The mailing encouraged 12 percent and 14 percent of survey respondents to 
purchase flood insurance in 2010 and 2011, respectively. This corroborates risk awareness key principle 2, above, 
that although the mailing was effective at raising flood risk awareness, such awareness doesn’t necessarily translate 
into action, that is, buying an insurance policy. 

Information Access and Security: The Impact on Risk Communication

As discussed throughout this chapter, information regarding levee-related flood risk is becoming more 
sophisticated and accessible with, for example, actions taken to generate levee inventories and improved mapping. 
Furthermore, a modern risk analysis and better probability models and damage estimates (resulting in risk-based 
premiums at the structure level) will greatly increase communication of true risk to NFIP policyholders. New and 
improved information can be paired with development of community flood risk management strategies, includ-
ing mitigation measures to reduce premiums. Improved mapping can be used to engage the private sector, so that 
insurance policies that are complimentary to the NFIP are offered to the public. Furthermore, the insurance industry 

12  One thousand telephone interviews were conducted at random to households in FEMA’s 10 regions; 36 percent of respondents were from 
Risk MAP project areas, 87 percent of whom were homeowners and 12 percent renters. 

13  See http://www.water.ca.gov/floodmgmt/lrafmo/fmb/fas/risknotification/.
14  Information included in this discussion was provided by FloodSmart California staff at the second meeting of this committee. 
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is in a position to support effective risk communication through its policy marketing, when provided with access 
to flood risk information. 

Availability of information regarding the location and status of the nation’s levees has a direct impact on suc-
cessful flood risk communication efforts. Some data elements in the USACE’s National Levee Database contain 
information about the integrity of the levees contained therein. Access to this information is restricted to government 
officials and is not available to the public. Restricting access to information regarding levees limits the ability of 
businesses, individuals, and in many cases, first responders to become aware of and properly prepare for possible 
emergency situations. Three recent reports (NRC, 2012a,b; Galloway et al., 2011) have addressed the need for full 
access to such information and recommended that this needed information be routinely released. 

A WAY FORWARD

Understanding risk perception and evaluations of risk communication efforts sheds light on the importance of 
local communication and clear messaging, as well as challenges such as the assumption that flood control struc-
tures are “safe.” Insight gathered at public meetings of this committee indicates that risk communication efforts 
surrounding NFIP levees have an advantageous window of attention during three situations: (1) after a flood disas-
ter, (2) through the mapping programs, and (3) when a community participates in FEMA’s CRS program. It also 
appears that during these three situations, particularly situations 1 and 2, considerable confusion and controversy 
or considerable success in communicating risk can occur.15 

15  This assessment is based on information gathering efforts during committee meetings in St. Louis, Missouri, Dallas, Texas, and Sacra-
mento, California. 

BOX 7-1 
Stakeholder Organizations

The Association of State Floodplain Managers (ASFPM) is an organization of professionals involved 
in floodplain management, flood hazard mitigation, and flood preparedness and response. The mission of 
the organization is to “promote education, policies, and activities that mitigate current and future losses, 
costs, and human suffering caused by flooding, and to protect the natural and beneficial functions of flood-
plains—all without causing adverse impacts.”a The ASFPM is organized into state chapters and, as such, 
ASFPM supports an avenue of communication between the states and the federal and local levels. ASFPM 
activities that promote communication include education of floodplain managers, technical conferences to 
bring together practitioners, and involvement in the establishment of FEMA’s Community Rating System 
to reward communities for floodplain management practices. b

Similarly, the National Association of Flood & Stormwater Management Agencies (NAFSMA) “is an 
organization of public agencies whose function is the protection of lives, property and economic activity 
from the adverse impacts of storm and flood waters. The mission of the Association is to advocate public 
policy, encourage technologies and conduct education programs which facilitate and enhance the achieve-
ment of the public service function of its members.”c Self-described as its members’ voice in Washington, 
D.C., NAFSMA represents and communicates the perspective of state and local public agencies at the 
national level.

aSee http://www.floods.org/.
bSee http://www.floods.org/index.asp?menuID=425&firstlevelmenuID=179&siteID=1.
cSee http://nafsma.org/about.php.
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To be effective, levee risk communication efforts need to be anchored in several principles: 

•	 delivery at the local level;
•	 products tailored to individual households, communities, and other stakeholders; 
•	 delivery from a credible and trusted source;
•	 long-term (meaning efforts should extend over a period of time);
•	 contain consistent, correct, and nonconflicting content; 
•	 encourage or motivate some behavior change; 
•	 account for the values of target audiences or communities; 
•	 employ multimodal networks; and
•	 provide repeat messaging (Peters et al., 1997; Mileti and Peek, 2002; Tinker and Galloway, 2008). 

FEMA and others involved in risk communication at all levels should incorporate contemporary risk 
communication principles in the development of flood risk communication strategies and implementation 

BOX 7-2 
Flood Insurance Retention in Sacramento, California: A Transitional Community

The city of Sacramento sits at the confluence of the Sacramento and American rivers. Most of the 
city lies within the floodplains of these two rivers, around 55,000 acres containing approximately 110,000 
damageable structures valued at over 30 billion dollars. More than 300,000 people live in these floodplains. 
The Sacramento levee system extends for approximately 100 miles around the city. 

In 1978, Sacramento joined the NFIP and was mapped out of the one percent annual chance regula-
tory floodplain because of the levee system. Following a record flood in 1986, the city was mapped back 
into the SFHA (Zone A-99) in 1989. Improvements to the levee systems resulted in a revised Flood Insur-
ance Rate Map for the American River area in 2004 and removal from the one percent annual chance 
regulatory floodplain. 

Corresponding to the release of the 2004 map for the American River area, the Sacramento Area 
Flood Control Authority (SAFCA) commenced a 6-month flood insurance outreach campaign targeting ap-
proximately 46,000 property owners who were to be released from the mandatory purchase requirement. a 
The outreach campaign had several goals: (1) alert property owners to the risk of levee failure in their com-
munity, (2) urge property owners to take responsibility for this risk by maintaining a flood insurance policy, 
and (3) encourage property owners who are no longer subject to the mandatory purchase requirement to 
continue to carry a flood insurance policy (a preferred risk policy or PRP), and (4) urge stakeholders to 
engage in Sacramento’s policy retention efforts. The campaign was implemented in five phases targeting 
the insurance agent, elected officials, lenders, property owners, and the media.

The choice to center part of the outreach plan around PRPs was based on a survey, conducted in 
March 2003, targeting homeowners in the American River area. Respondents said they were willing to 
maintain their insurance policies based on two conditions: (1) once the MPR was lifted, they could purchase 
flood insurance for approximately half what they currently paid;, and (2) if local flood officials communicated 
flood risk. 

Seventy percent of the property owners released from the 2005 mandatory purchase requirement 
maintained flood insurance. Lessons learned include the effectiveness of an outreach campaign coinciding 
with a community’s release from the flood insurance program and the importance of the more affordable 
PRP in encouraging policy retention (SAFCA, 2012). 

aThe campaign was jointly funded by NFIP and SAFCA (75 percent and 25 percent, respectively).
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efforts. Seizing key windows of opportunity to communicate levee-related flood risk at the local level is critical 
to success. Correcting misperceptions, for example, that if you live behind a levee you are “safe,” is also critical. 

A systematic evaluation of risk communication efforts against measurable outcomes such as increases in 
insurance purchase, increases in mitigation activities, or a downward trend in damages could yield significant 
insights regarding levee-related risk communication. Appropriate assessment tools for monitoring the success of 
risk communication programs are critical, including (1) baseline information on the existing status of flood losses 
prior to program implementation, if available; and (2) predefined metrics for assessing the effectiveness in reducing 
risk as measured by increases in flood insurance policies, increases in the number and type of mitigation activities, 
improvements in the percentage reductions in NFIP premiums, and reductions in overall losses, among others. 
FEMA should support evaluation of the success of risk communication efforts, including at the community 
level when appropriate, that is informed by appropriate assessment tools such as baseline information and 
predefined metrics. Agencies and organizations outside of FEMA involved in communicating risk behind levees 
might find value in evaluating success of efforts as well.
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The passage of the National Flood Insurance Act in 1968 and the establishment of the NFIP marked what 
can be considered the official shift in the United States from a principal focus on flood control to a focus on flood 
damage reduction with greater consideration of nonstructural measures and insurance, paired with structural 
measures, to manage flood risk. The movement toward flood risk management continued and was emphasized, 
for example, in the wake of Hurricane Katrina with the application of tools associated with risk management in 
other sectors to flood risk management. This movement is changing the manner in which the nation addresses 
its floodplain management issues and is requiring agencies to make, or begin to make, significant changes in the 
manner in which they carry out their programs. These changes are seen in FEMA’s management of the NFIP and 
will be affecting their approach in the years immediately ahead. It is not a question of if, but when, the transition 
to risk-based approaches will be completed across all relevant parties. 

The principal responsibility for NFIP-related actions is assigned by the National Flood Insurance Act to the 
Federal Emergency Management Agency (FEMA) (originally assigned to the Department of Housing and Urban 
Development or HUD). FEMA also has organic authorities to “lead the Nation’s efforts to prepare for, protect 
against, respond to, recover from, and mitigate the risk of natural disasters, acts of terrorism, and other man-made 
disasters, including catastrophic incidents” (Post-Katrina Emergency Management Reform Act of 2006). Other 
federal agencies, states, and local communities are assigned responsibilities by the National Flood Insurance Act 
and Executive Order 11988 (1977) to support these goals in collaboration with FEMA. The National Flood Insur-
ance Act specifically encourages states and local governments to make appropriate land-use adjustments to reduce 
the exposure of communities to flooding. 

The National Flood Insurance Act also establishes the requirement for the development of a Unified National 
Program (UNP) for floodplain management. The initial UNP document was created by the Water Resources 
Council in 1976 and followed by a second in 1979. Updated plans were prepared by an interagency task forces 
operating under FEMA oversight in 1986 and 1994 and reflected agency consensus. The UNP urged cooperative 
efforts among the federal government, states, and the private sector as well as within the federal government 
itself.

Other federal agencies play important roles in managing the nation’s flood risk. Since the early part of the 20th 
century, USACE has been assigned responsibility under various flood control and water resources development 
acts for the construction and, in some cases, operation of flood control works. In 2006, USACE, in coordination 
with FEMA, established the National Flood Risk Management Program in support of an effort to move the nation 

8

Shared Responsibility in Moving to 
Flood Risk Management
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from a flood control approach to a flood risk management approach.1 The National Oceanic and Atmospheric 
Administration (NOAA), Natural Resources Conservation Service (NRCS), U.S. Geological Survey (USGS), U.S. 
Forest Service, Bureau of Reclamation, U.S. Fish and Wildlife Service (FWS), the U.S. Environmental Protection 
Agency, the Tennessee Valley Authority, the Federal Energy Regulatory Commission (FERC), and U.S. Depart-
ment of Housing and Urban Development (HUD) also have legislated responsibilities that directly or indirectly 
involve flood risk management.2 

State, tribal, and local governments have responsibilities that are also critical to managing the nation’s flood 
risk in general and behind levees in particular. For example, local and to a lesser degree, state governments con-
trol land use and exposure to risk. Local government plays an important role in levee-related risk communication 
(Chapter 7). 

The various roles and responsibilities at all levels highlight the need for a coordinated, national approach 
that shares responsibility across federal, state, and local government and other entities in managing flood risk. 
In this chapter, challenges and opportunities related to a shared national strategy for levee-related flood risk and 
management are explored. 

COORDINATION CHALLENGES AT THE FEDERAL LEVEL

Many federal agencies have responsibilities that involve management of flood risk and levee-related flood risk, 
in particular. Their roles are dictated by their legislated authorities and responsibilities as well as by presidential 
guidance. Because of the large number of agencies and complexity of legislation, coordination challenges exist 
that are manifested in many ways—from ensuring consistency in flood risk communication to compilation of a 
national levee inventory. 

USACE and FEMA: Different Approaches to Levee-Related Risk Analysis

When HUD and FEMA initially began to develop procedural guidelines for levees in the NFIP, they relied 
heavily on the resources and advice of the USACE. When Title 44, Section 65.10, of the Code of Federal Regu-
lations (44 CFR §65.10) was developed, it included references to USACE technical publications as measures of 
good practice in engineering. Although the USACE technical approaches have evolved over time, reference to 
these older documents remain in 44 CFR §65.10. 

In 1996, when USACE began to move to a risk-based approach to analysis of flood hydrology and hydrau-
lics and other aspects of flood system integrity determination, FEMA continued with its existing approach. In 
2006, the Interagency Levee Policy Review Committee recommended that FEMA shift to a risk-based analysis 
procedure over the following 10-year period (ILPRC, 2006). In Chapter 3, this report recommends that FEMA 
move to use of a risk-based levee analysis approach. As noted in Chapter 2, the 2012 Biggert-Waters Act requires 
coordination between FEMA and USACE in the assessment of levees that exist in both programs: “information 
and data collected by or for the USACE under the Inspection of Completed Works Program is sufficient to satisfy 
the flood protection structure accreditation requirements.” Since it appears that approximately 65 percent of NFIP-
accredited and PAL levees are also in one of the USACE programs and subject to USACE risk-based inspections, 
it would not be efficient to establish two separate evaluation methodologies for ensuring the integrity of those 
levees. If FEMA chooses to continue its present approach for the analysis of other NFIP-accredited levees not in 
the USACE programs, levee owners and their engineers will be faced with two or more different approaches to 
analysis of levee integrity and risk. 

The technical and programmatic differences between FEMA and USACE as they relate to the evaluation of 
flood hazards and levee systems have been and continue to be an issue that compromises interagency communica-

1  See http://www.nfrmp.us/.
2  A Federal Interagency Floodplain Management Task Force, established in 1975, promotes programs and policies that reduce flood losses and  

protect the environment. See http://www.fema.gov/national-flood-insurance-program-1/federal-interagency-floodplain-management-task-
force. 
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tion and causes confusion and frustration in the local communities that work with the agencies and the public that 
is being served. Furthermore, the benefits of a more modern risk-based approach to assessing risk behind levees 
have been made clear. Both the complexities of coordinating the programs of multiple government entities and the 
benefits of conducting risk-based analyses and acquisition of the data needed to conduct these analyses are illus-
trated in recent events involving the City of Dallas, Texas (Box 8-1). FEMA and USACE should jointly develop 
a common, risk-based approach to levee assessment in a timely manner and apply this approach to all levees 
assessed by the two agencies. This includes a joint methodology, procedure, and where feasible, the sharing 
of models and other risk analysis tools. To achieve this goal, FEMA and USACE could craft a memorandum of 
understanding. Furthermore, it would be useful for other federal agencies with interest in risk-based assessment 
of levees and floodwalls to be invited to participate in the process. 

Other Coordination Challenges Between FEMA and USACE

When accredited levees are found deficient by either FEMA and/or USACE, levee owners in affected com-
munities attempt to take action to remediate the deficiency. Where the level of protection provided by the levee 
is acknowledged to be the same by both USACE and FEMA, coordination problems are minimized and the com-

BOX 8-1 
Dallas Levees: Working to Determine the True Risk

The Dallas Levee System in Dallas, Texas, includes over 20 miles of levees that protect downtown 
Dallas and thousands of citizens against a 0.0125 percent (8,800-year) annual chance flood. In 2009, US-
ACE conducted a periodic inspection of the levee system and informed the city and FEMA that the levees 
would not performed as designed and rated these levees unacceptable. This jeopardized the city’s levee 
system accreditation status and FEMA began to remap the areas behind the levees, designating them as 
being in the Special Flood Hazard Area. 

In response, the City of Dallas spent more than $25 million dollars studying the integrity of the levee 
system and devising a plan to remediate known deficiencies in the levee system. The city also completed 
an Emergency Action Plan and identified 150 million dollars of levee improvements and began to correct 
198 maintenance deficiencies previously identified in the system and those identified by the city’s engi-
neering study. 

Given the potential consequences of levee deaccreditation and in keeping with an agencywide effort to 
conduct risk-based analyses, USACE applied a new risk assessment process to the Dallas levee system. 
After an intensive study of the levees, made possible in part by the engineering investigations funded by 
the City of Dallas, USACE concluded that:

•	  The frequency of major floods was rarer than had been originally determined. A flood event that 
could overtop the levees was rated at 0.01 to 0.02 percent annual chance (1,000-year to 5,000-year).

•	  The duration of floods that might occur is much shorter than once thought. Peak flooding lasts 
hours and days, not months. As a result, the levees would be less likely to become saturated and fail.

•	  While levee slope slides have occurred over the years, the detailed analysis indicates that “these 
slides do not represent an unacceptable risk” (USACE, 2012).

The City of Dallas is continuing efforts to remediate levee deficiencies; however, as a result of USACE’s 
modern risk analysis approach, the extent and cost to the city of remediation will be decreased. The City 
of Dallas expects to complete repairs in 2013 and intends to submit levee certification to FEMA so that 
the remapping of the area behind the levees reflects the new conditions and supports accreditation. The 
city plans to work with USACE to remove the unacceptable rating under the USACE periodic inspection 
program.
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munity can attempt to remediate against a common standard. When, on the other hand, the levee was built by 
USACE to a higher standard than was necessary for entry into the NFIP, USACE may require the levee owner to 
remediate the deficiency not to the NFIP base flood elevation but to the original level of protection provided by 
USACE. When the community can only find resources to accomplish the mitigation to the lower level, USACE 
may determine that it will not permit work to move forward because that work would not bring the levee into 
USACE compliance and might make it more difficult to eventually achieve the higher USACE standard (Box 5-7). 

Another potential issue arises when an accredited levee (granting the areas behind the levee exemption from 
the mandatory flood insurance purchase requirement), owned and maintained by USACE, is no longer certified by 
USACE. USACE may not permit local governments to accomplish the remediation, leaving the local governments 
with no way to bring the levees back to an accredited status.

In both of these cases, the agencies are operating within their regulatory authorities. However, the commu-
nity is caught in the middle and faces the consequences. The utility of a joint FEMA-USACE procedure allowing 
quick attention to levee-related situations where regulatory authority creates intractable situations for the affected 
community is clear. 

Levee Construction and Repair

The 1994 Interagency Floodplain Management Review Committee (IFMRC) report on the 1993 Mississippi 
River flood identified that federal agencies other than USACE were providing funds to communities to build 
or reconstruct damaged levees following flood events (e.g., the HUD and the Department of Commerce’s Eco-
nomic Development Administration). The IFMRC report recommended that having multiple agencies fund the 
construction or reconstruction of such levees created challenges later. If not built to certification standards, the 
levee would not be accredited or possibly ineligible for participation in the Flood Control and Coastal Emergency 
Act (P.L. 84-99) program despite the fact that it was built by a federal agency. As a solution, the IFMRC report 
recommended that USACE be designated as the federal agency responsible for the oversight and construction of 
levees by federal agencies. The consolidation of construction responsibility for levees that receive federal funding 
promotes consistent construction outcomes that align with USACE and FEMA standards. 

A National Levee Inventory

Currently, the location and condition of levees in the United States is unclear—where they are, what they are 
protecting (assets and lives), and their condition (Chapter 6). This represents a significant gap in addressing the 
challenge of flood risk management behind levees: How can the problem be addressed if the extent and location 
of the problem is unclear? 

Although the long-term plan of both USACE and FEMA is to develop a single database for covering the levees 
that operate under the oversight of the two agencies, this consolidation effort, which was initially recommended 
in the 2006 National Levee Policy Study, is proceeding slowly because of resource constraints (FEMA, 2006). 
The National Levee Database (NLD) operated by USACE, which will be the eventual single database, is limited 
in information concerning NFIP and other non-USACE levee systems. Eventually USACE may be able to bring 
into the database information about state, local, and individually operated levees that do not fall into either of the 
federal agency programs. However, at present, there is a significant need for completion of the consolidation of 
the federal levee inventories so that levees in the two federal programs can be identified and overlaps eliminated. 
The maintenance today of two databases is inefficient and creates a potential for disinformation at times when 
information about levees is badly needed. 

The transfer of information about levees that are not part of the NFIP but are a part of FEMA’s MLI data-
base into USACE’s National Levee Database is needed. (As indicated in Chapter 7, in areas covered by its Flood 
Insurance Rate Maps (FIRMs), FEMA has identified approximately 29,800 miles of levees, only 5,100 of which 
are part of the NFIP.) These non-NFIP levees, along with several thousand other levees may eventually be entered 
into the database. The addition of these nonfederal program levees will require the close cooperation of the states 
and local entities.
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Risk Communication

In 2006 the Association of State Floodplain Managers (ASFPM) and the National Association of Flood and 
Stormwater Management Agencies (NAFSMA) jointly sponsored a National Flood Risk Summit, convening fed-
eral, state, and local flood experts and selected members of the public at Wye Island, Maryland. Flood risk com-
munication was a key topic during discussions. The principal challenge identified regarding risk communication 
was the multiplicity of uncoordinated messages developed and communicated by federal agencies. The collective 
opinion of those in the Wye Island meeting was the need for increased coordination of this messaging. Discussion 
with relevant stakeholders during information-gathering efforts of this committee corroborate this opinion and 
indicate that the problem continues to exist. 

Given the multiple entities that have either regulatory authority or considerable interest in levees, it is no 
surprise that inconsistent messaging from multiple sources exists and leads to confusion and misunderstanding. 
Inconsistent messaging is directly related to the lack of collaboration and coordination among entities in communi-
cating risk to local stakeholders. Inconsistent messaging can involve definitions, for example, what defines a levee, 
what the appropriate definition of risk is, and concepts such as the reality of residual risk behind a levee. Simplicity 
of messaging is also important in communicating risk ( Paveglio et al., 2009; Ballard et al., 2012) and becomes 
a challenge in the case of, for example, communicating an explanation of the one percent annual chance flood.

Flood inundation and other specialty maps for flood-prone areas are being prepared by multiple agencies to 
cover the same land area (FEMA, NRCS, FWS, USGS, USACE, and NOAA). Some of the overlap among these 
maps is a result of research and development activities being conducted by the agencies. In other cases, the over-
lap results from the necessity of supporting an agency mission. Furthermore, other messaging products prepared 
by federal agencies addressing the challenge of floodplain management or flood risk reduction are not always 
coordinated with a consistent message (Chapter 7). There is no one agency that has the responsibility to provide 
oversight and coordination of federal flood risk mapping products and other communication products. Similarly, 
there is little to no coordination of the collection of underlying data, such as with Lidar, by these agencies.

The utility of levee-related flood risk communication developed and presented at the federal level is challenged 
by uncoordinated messaging. One federal message using consistent terminology, transparent data, and open 
discussion and decisions about the determination of flood risk is critical to inform the affected communi-
ties who, in turn, communicate and manage risk at the local level. FEMA should assume a leadership role 
in providing direction for research, development, and release of flood risk communication products and 
maps. This role might include FEMA constituting a central leadership group or some type of coordinating body. 

FEMA should communicate flood risk through a collaborative approach that works with and provides 
strong support to local communities. This additional emphasis entails local involvement (from individuals, com-
munities, and states) in all phases of the risk communication process. This requires that FEMA interact with prees-
tablished collaborative decision-making networks at the local level. Success lies in providing risk information to the 
local level where local governments and citizens have the responsibility to drive behavioral changes to reduce risk. 

INCREASING AWARNESS OF SHARED FLOOD RISK RESPONSIBILITIES 
AT THE FEDERAL, STATE, AND LOCAL LEVELS

USACE and FEMA share responsibility for oversight of the conditions of levees that are part of both pro-
grams and ensuring that the integrity of the structures means necessary standards to ensure the safety of those 
behind levees. It has been difficult for FEMA and USACE to develop a comprehensive approach to reducing 
flood damages across the nation, and in the case of levees, to ensure that levees are given proper oversight by 
those responsible for them, the levee owners, and operators. However, promising coordination efforts between 
the two agencies exist, including three joint “task force” initiatives that promote better interagency cooperation 
and collaboration, including improving the results of levee-related activities in both agencies, and better aligning 
data collected in USACE levee inspection with requirements for accreditation purposes (FEMA, 2012a,b). This 
collaboration permits FEMA and USACE to work together to deal with joint challenges such as development of 
policies for vegetation on levees (USACE, 2009). 
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In most cases, states play a minimal role in dealing with the flood challenges facing communities in their 
states. Less than five states have inventories of the levees within their boundaries.3 Few states have permitting or 
land-use regulations governing the construction of levees. Even though the National Flood Insurance Act strongly 
encouraged state participation in the program in support of its goals, most states defer action to FEMA and their 
communities. State-focused nongovernmental organizations such as the ASFPM and NAFSMA play a critical role 
in promoting the shared responsibility of the states. 

Since flooding does not fall neatly into geographical borders, “communities” cannot be defined solely by 
jurisdictional boundaries (NRC, 2011). Regional bodies conducting risk communication to achieve common 
commitment to sustainable mitigation, can play an important role. For example, the cooperative decision-making 
frameworks built by metropolitan planning organizations4 have been in place for several decades, and many have 
built networks of trust and credibility in communities.

The last Unified National Program for Floodplain Management was published by the Federal Interagency 
Floodplain Management Task Force in 1994. It identified, as did the 1994 Sharing the Challenge report on the 
1993 Mississippi River floods (IFMRC, 1994), the need for action by the federal government to bring together all 
parties involved in development and implementation of national floodplain management programs to better define 
the responsibilities of each group and to develop a roadmap dealing with these challenges in the future. No action 
has been taken on recommendations of either effort. 

The Federal Interagency Floodplain Management Task Force is a useful vehicle to promote the need for 
better definition of the shared responsibilities for floodplain management among all the parties. 

Individuals and communities also share in the responsibility for taking those steps necessary to manage flood 
risks. The deaccreditation of thousands of miles of NFIP and USACE levees in the wake of map modernization 
indicates that community leaders were not monitoring the condition of the structures protecting their communi-
ties and not understanding their responsibility for ensuring that these levee systems were meeting accreditation 
requirements. However, it is reasonable to conclude that the deaccreditation of levees has countered this notion in 
NFIP communities around the nation. Use of modern risk methodology will provide more accurate information 
on risks, especially behind levees, information that will be useful at the community level. Communication of the 
flood risk behind levees can be most effectively accomplished by local governments (Chapter 7), but will require 
the active engagement of these officials, not only for the actual communication of the risk messages, but also for 
the implementation of land-use and building code regulations needed to deal with the residual risks that will be 
described by the use of new risk-based tools. Once properly informed by local governments of the risks they face 
behind levees, the property owners are responsible for the actions necessary to physically mitigate potential losses 
and transfer risk, for example, through the use of risk-based insurance.

IN CONCLUSION 

This report provides advice on the current treatment of levees within the NFIP (Box 8-2). Key to this advice 
is the transition of FEMA to a modern, risk-based approach to flood risk analysis. This transition will, no doubt, 
be challenging. New or revised regulations, procedures, and training systems will need to be established, and clear, 
consistent messaging to those affected by the new procedures is critical. Legal challenges, as there are today, will 
most likely arise. The appropriate balance between public and private investment will continually be considered. 

Despite these challenges, it is clear that a national move toward floodplain management anchored in a modern 
risk-based analysis is imperative. This is increasingly recognized in the floodplain management community and 

3  This statement is based on information in the Interagency Levee Policy Review Committee report (ILPRC, 2006) and inquiries to states 
during committee deliberations. 

4  Metro areas with a population of more than 50,000 are required by federal law (23 U.S.C. §134, Metropolitan transportation planning) 
to establish a metropolitan planning organization (MPO) to represent local, regional, and national interests in the transportation planning 
process (AMPO, 2009). The nation’s 385 MPOs represent areas ranging from 50,000 to 19 million people totaling roughly 84 percent of the 
population, and with about half administered by a regional council (AMPO, 2009). MPOs are governed by democratically elected officials 
accountable to local and regional constituencies. These regional leaders and the staffs of the MPOs routinely work with representatives and of-
ficials responsible for other planning activities including land use, economic development, environmental protection, and more (AMPO, 2009). 
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BOX 8-2 
Improving NFIP Policies and Practices: Conclusions and Recommendations

The committee identified multiple conclusions and recommendations to improve the policies and 
practices of the treatment of levees within FEMA’s NFIP, spanning risk analysis, flood insurance, risk reduc-
tion, and risk communication. Advice falls within the central theme of the report—the need for a national 
move to flood risk management. Conclusions and recommendations are found throughout the report and 
consolidated here. 

Recommendations to improve NFIP’s flood risk analysis, the analytical piece of flood risk management, 
including advice on FEMA’s Levee Analysis and Mapping Procedure, include:

•	 Recommendation 1: The NFIP should move to a modern risk analysis that makes use of 
modern methods and computational mapping capacity to produce state-of-the-art risk estimates 
for all areas that are vulnerable to flooding. 

•	 Recommendation 2: FEMA should move directly to a modern risk-based analysis for deal- 
ing with areas behind levees and not implement the Levee Analysis and Mapping Procedure  
(LAMP).

Should the decision be made not to implement LAMP, Chapter 4 contains recommendations to pursue 
interim steps pending development and completion of a modern risk-based analysis. 

Conclusions and recommendations related to flood insurance including flood insurance pricing behind 
levees and the mandatory flood insurance purchase requirement, both in the context of a modern-risk 
based analysis, include: 

•	 Conclusion 1: The method used to calculate the average historical loss year ensures that 
in the long run there will be inadequate premiums collected to cover costs in significant flood  
years.

•	 Conclusion 2: The NFIP is constructed using an actuarially sound formulaic approach for 
the full-risk classes of policies, but is financially unsound in the aggregate because of constraints 
(i.e., legislative mandates) that go beyond actuarial considerations.

•	 Recommendation 3: Rate setting for properties behind levees, accredited or not accredited, 
should be improved by using the modern risk analysis method employing advances in hydrology, 
meteorology, and geotechnical engineering to more precisely calculate the probability of water 
inundation levels and the associated damage estimates throughout the area behind the levee in a 
graduated fashion.

•	 Recommendation 4: To the extent possible to better achieve fiscal soundness, the proper-
ties that have been grandfathered into the NFIP or that receive discounts due to statutory con-
siderations should have their pricing moved to the actuarially based prices using the detailed 
probability-of-inundation estimates and detailed economic damage models.

•	 Conclusion 3: The current policy of mandatory flood insurance purchase appears to be inef-
fective in achieving widespread purchase of NFIP flood insurance policies.

•	 Conclusion 4: The rate of compliance with the mandatory purchase requirement indicates 
challenges with lender enforcement and federal oversight of this lending.

•	 Conclusion 5: Mandatory purchase requirements have led many property owners to perceive 
that if they are not mandated to have insurance, then they are not susceptible to damage from 
floods. 

•	 Conclusion 6: At this time, there is no sound reason to institute mandatory purchase of flood 
insurance in areas behind accredited levees. 

•	 Conclusion 7: A modern risk-based analysis has the potential to impact the purchase of 
flood insurance, diversify the NFIP’s exposure to flood risk, and generate a more fiscally sound 
program. 

continued
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is well illustrated by USACE. Indeed, FEMA can learn from the experience of USACE in moving to a modern 
risk-based analytical approach. Specifically, USACE has converted its hydrologic and hydraulic analyses to a 
risk-based approach and instituted a nationwide risk management program to provide risk-based evaluations of 
levees as part of USACE’s periodic inspection programs. In the NFIP, some analyses will be carried out by private 
engineering firms, many of which are already involved with USACE implementation of these new approaches. 

•	 Recommendation 5: Once the risk-based approach has been put in place and matures, FEMA 
should review and study the necessity of the mandatory purchase requirement, behind levees and 
throughout the Special Flood Hazard Areas.

Conclusions and recommendations related to implementing flood risk management strategies, explor-
ing all available structural, nonstructural, and risk transfer mechanisms such as insurance, include: 

•	 Conclusion 8: There is a clear need for a comprehensive, tailored approach to risk manage-
ment behind levees that (1) is designed and implemented at the local level; (2) involves federal and 
state agencies, communities, and households; (3) takes into account possible future conditions; 
and (4) relies on an effective portfolio of structural measures, nonstructural measures, and insur-
ance to reduce the risk to those behind levees. 

•	 Recommendation 6: To reduce the flood risk to those behind levees, FEMA should encourage 
communities to develop and implement multimeasure risk management strategies for areas behind 
accredited levees.

Recommendations related to understanding and communicating flood risk behind levees, an integral 
part of flood risk management, include:

•	 Recommendation 7: FEMA and others involved in risk communication at all levels should 
incorporate contemporary risk communication principles in the development of flood risk com-
munication strategies and implementation efforts.

•	 Recommendation 8: FEMA should support evaluation of the success of risk communica-
tion efforts, including at the community level when appropriate, that are informed by appropriate 
assessment tools such as baseline information and predefined metrics.

Moving to flood risk management is a shared responsibility at all levels: federal, state, and local gov-
ernment, private citizens, communities, and all other entities dealing with flood risk. Related conclusions 
and recommendations include: 

•	 Recommendation 9: FEMA and USACE should jointly develop a common, risk-based ap-
proach to levee assessment in a timely manner and apply this approach to all levees assessed by 
the two agencies. This includes a joint methodology, procedure, and where feasible, the sharing of 
models and other risk analysis tools.

•	 Conclusion 9: One federal message using consistent terminology, transparent data, and 
open discussion and decisions about the determination of flood risk is critical to inform the affected 
communities who, in turn, communicate and manage risk at the local level. 

•	 Recommendation 10: FEMA should assume a leadership role in providing direction for re-
search, development, and release of flood risk communication products and maps.

•	 Recommendation 11: FEMA should communicate flood risk through a collaborative ap-
proach that works with and provides strong support to local communities. 

•	 Conclusion 10: The Federal Interagency Floodplain Management Task Force (FIFMTF) is a 
useful vehicle to promote the need for better definition of the shared responsibilities for floodplain 
management among all the parties.
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The intersection between FEMA and USACE is only one piece of the necessary collaborative and coordi-
nated approach to levee-related flood risk. Currently, these efforts at all levels are not as robust as they could be. 
Increased coordination and cooperation among and between governmental agencies, state and local entities as well 
as the public at large, would result in increased effectiveness of the NFIP, improved efficiency within the NFIP, and 
improve the nation’s approach to floodplain management and treatment of levees. Promising developments do exist, 
as discussed above, but, more progress is necessary. A coordinated, national approach that shares responsibility 
across federal, state, and local entities is necessary to appropriately manage the nation’s flood risk behind levees. 
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(a) General. For purposes of the NFIP, FEMA will only recognize in its flood hazard and risk mapping effort 
those levee systems that meet, and continue to meet, minimum design, operation, and maintenance standards that 
are consistent with the level of protection sought through the comprehensive flood plain management criteria 
established by §60.3 of this subchapter. Accordingly, this section describes the types of information FEMA needs 
to recognize, on NFIP maps, that a levee system provides protection from the base flood. This information must 
be supplied to FEMA by the community or other party seeking recognition of such a levee system at the time a 
flood risk study or restudy is conducted, when a map revision under the provisions of part 65 of this subchapter 
is sought based on a levee system, and upon request by the Federal Insurance Administrator during the review of 
previously recognized structures. The FEMA review will be for the sole purpose of establishing appropriate risk 
zone determinations for NFIP maps and shall not constitute a determination by FEMA as to how a structure or 
system will perform in a flood event.

(b) Design criteria. For levees to be recognized by FEMA, evidence that adequate design and operation and 
maintenance systems are in place to provide reasonable assurance that protection from the base flood exists must 
be provided. The following requirements must be met:

(1) Freeboard. (i) Riverine levees must provide a minimum freeboard of three feet above the water-surface 
level of the base flood. An additional one foot above the minimum is required within 100 feet in either side 
of structures (such as bridges) riverward of the levee or wherever the flow is constricted. An additional one-
half foot above the minimum at the upstream end of the levee, tapering to not less than the minimum at the 
downstream end of the levee, is also required.

(ii) Occasionally, exceptions to the minimum riverine freeboard requirement described in paragraph (b)
(1)(i) of this section, may be approved. Appropriate engineering analyses demonstrating adequate protec-
tion with a lesser freeboard must be submitted to support a request for such an exception. The material 
presented must evaluate the uncertainty in the estimated base flood elevation profile and include, but not 

Appendix A

Code of Federal Regulations Title 44: Emergency 
Management and Assistance, Section 65.10 Mapping of 
areas protected by levee systems or “44 CFR §65.10”1

1 From the Electronic Code of Federal Regulations, current as of August 2, 2012, available http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c
=ecfr&sid=60d5a4d4887bf9b97092a242096f95a2&rgn=div8&view=text&node=44:1.0.1.2.32.0.17.10&idno=44, accessed August 6, 2012. 
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necessarily be limited to an assessment of statistical confidence limits of the 100-year discharge; changes 
in stage-discharge relationships; and the sources, potential, and magnitude of debris, sediment, and ice 
accumulation. It must be also shown that the levee will remain structurally stable during the base flood 
when such additional loading considerations are imposed. Under no circumstances will freeboard of less 
than two feet be accepted.

(iii) For coastal levees, the freeboard must be established at one foot above the height of the one percent 
wave or the maximum wave runup (whichever is greater) associated with the 100-year stillwater surge 
elevation at the site.

(iv) Occasionally, exceptions to the minimum coastal levee freeboard requirement described in paragraph 
(b)(1)(iii) of this section, may be approved. Appropriate engineering analyses demonstrating adequate 
protection with a lesser freeboard must be submitted to support a request for such an exception. The 
material presented must evaluate the uncertainty in the estimated base flood loading conditions. Particu-
lar emphasis must be placed on the effects of wave attack and overtopping on the stability of the levee. 
Under no circumstances, however, will a freeboard of less than two feet above the 100-year stillwater 
surge elevation be accepted.

(2) Closures. All openings must be provided with closure devices that are structural parts of the system during 
operation and design according to sound engineering practice.

(3) Embankment protection. Engineering analyses must be submitted that demonstrate that no appreciable 
erosion of the levee embankment can be expected during the base flood, as a result of either currents or waves, 
and that anticipated erosion will not result in failure of the levee embankment or foundation directly or indi-
rectly through reduction of the seepage path and subsequent instability. The factors to be addressed in such 
analyses include, but are not limited to: Expected flow velocities (especially in constricted areas); expected 
wind and wave action; ice loading; impact of debris; slope protection techniques; duration of flooding at 
various stages and velocities; embankment and foundation materials; levee alignment, bends, and transitions; 
and levee side slopes.

(4) Embankment and foundation stability. Engineering analyses that evaluate levee embankment stability must 
be submitted. The analyses provided shall evaluate expected seepage during loading conditions associated 
with the base flood and shall demonstrate that seepage into or through the levee foundation and embank-
ment will not jeopardize embankment or foundation stability. An alternative analysis demonstrating that the 
levee is designed and constructed for stability against loading conditions for Case IV as defined in the U.S. 
Army Corps of Engineers (COE) manual, “Design and Construction of Levees” (EM 1110–2–1913, Chapter 
6, Section II), may be used. The factors that shall be addressed in the analyses include: Depth of flooding, 
duration of flooding, embankment geometry and length of seepage path at critical locations, embankment 
and foundation materials, embankment compaction, penetrations, other design factors affecting seepage (such 
as drainage layers), and other design factors affecting embankment and foundation stability (such as berms).

(5) Settlement. Engineering analyses must be submitted that assess the potential and magnitude of future losses 
of freeboard as a result of levee settlement and demonstrate that freeboard will be maintained within the mini-
mum standards set forth in paragraph (b)(1) of this section. This analysis must address embankment loads, 
compressibility of embankment soils, compressibility of foundation soils, age of the levee system, and construc-
tion compaction methods. In addition, detailed settlement analysis using procedures such as those described 
in the COE manual, “Soil Mechanics Design—Settlement Analysis” (EM 1100–2–1904) must be submitted.

(6) Interior drainage. An analysis must be submitted that identifies the source(s) of such flooding, the extent 
of the flooded area, and, if the average depth is greater than one foot, the water-surface elevation(s) of the base 
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flood. This analysis must be based on the joint probability of interior and exterior flooding and the capacity 
of facilities (such as drainage lines and pumps) for evacuating interior floodwaters.

(7) Other design criteria. In unique situations, such as those where the levee system has relatively high vulner-
ability, FEMA may require that other design criteria and analyses be submitted to show that the levees provide 
adequate protection. In such situations, sound engineering practice will be the standard on which FEMA will 
base its determinations. FEMA will also provide the rationale for requiring this additional information.

(c) Operation plans and criteria. For a levee system to be recognized, the operational criteria must be as 
described below. All closure devices or mechanical systems for internal drainage, whether manual or automatic, 
must be operated in accordance with an officially adopted operation manual, a copy of which must be provided 
to FEMA by the operator when levee or drainage system recognition is being sought or when the manual for 
a previously recognized system is revised in any manner. All operations must be under the jurisdiction of a 
Federal or State agency, an agency created by Federal or State law, or an agency of a community participating 
in the NFIP.

(1) Closures. Operation plans for closures must include the following:

(i) Documentation of the flood warning system, under the jurisdiction of Federal, State, or community 
officials, that will be used to trigger emergency operation activities and demonstration that sufficient flood 
warning time exists for the completed operation of all closure structures, including necessary sealing, 
before floodwaters reach the base of the closure.

(ii) A formal plan of operation including specific actions and assignments of responsibility by individual 
name or title.

(iii) Provisions for periodic operation, at not less than one-year intervals, of the closure structure for 
testing and training purposes.

(2) Interior drainage systems. Interior drainage systems associated with levee systems usually include storage 
areas, gravity outlets, pumping stations, or a combination thereof. These drainage systems will be recognized 
by FEMA on NFIP maps for flood protection purposes only if the following minimum criteria are included 
in the operation plan:

(i) Documentation of the flood warning system, under the jurisdiction of Federal, State, or community 
officials, that will be used to trigger emergency operation activities and demonstration that sufficient flood 
warning time exists to permit activatizon of mechanized portions of the drainage system.

(ii) A formal plan of operation including specific actions and assignments of responsibility by individual 
name or title.

(iii) Provision for manual backup for the activation of automatic systems.

(iv) Provisions for periodic inspection of interior drainage systems and periodic operation of any mecha-
nized portions for testing and training purposes. No more than one year shall elapse between either the 
inspections or the operations.

(3) Other operation plans and criteria. Other operating plans and criteria may be required by FEMA to ensure 
that adequate protection is provided in specific situations. In such cases, sound emergency management prac-
tice will be the standard upon which FEMA determinations will be based.
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(d) Maintenance plans and criteria. For levee systems to be recognized as providing protection from the base 
flood, the maintenance criteria must be as described herein. Levee systems must be maintained in accordance 
with an officially adopted maintenance plan, and a copy of this plan must be provided to FEMA by the owner of 
the levee system when recognition is being sought or when the plan for a previously recognized system is revised 
in any manner. All maintenance activities must be under the jurisdiction of a Federal or State agency, an agency 
created by Federal or State law, or an agency of a community participating in the NFIP that must assume ultimate 
responsibility for maintenance. This plan must document the formal procedure that ensures that the stability, 
height, and overall integrity of the levee and its associated structures and systems are maintained. At a minimum, 
maintenance plans shall specify the maintenance activities to be performed, the frequency of their performance, 
and the person by name or title responsible for their performance.

(e) Certification requirements. Data submitted to support that a given levee system complies with the structural 
requirements set forth in paragraphs (b)(1) through (7) of this section must be certified by a registered professional 
engineer. Also, certified as-built plans of the levee must be submitted. Certifications are subject to the definition 
given at §65.2 of this subchapter. In lieu of these structural requirements, a Federal agency with responsibility 
for levee design may certify that the levee has been adequately designed and constructed to provide protection 
against the base flood.

[51 FR 30316, Aug. 25, 1986]
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Gerald E. Galloway, Jr. (NAE), Chair, is the Glenn L. Martin Institute Professor of Engineering in the Department 
of Civil and Environmental Engineering, and an affiliate professor of public policy, at the University of Maryland. 
Dr. Galloway is a civil engineer, geographer, and public administrator whose research and interests focus on U.S. 
national water policy, in general, and national floodplain management policy, in particular. Dr. Galloway had a 
38-year military career that included positions of commander of the U.S. Army Corps of Engineers District in 
Vicksburg, Mississippi, and professor and founding head of the Department of Geography and Environmental 
Engineering at the U.S. Military Academy at West Point. Dr. Galloway was promoted to brigadier general in 1990 
and retired from active duty in 1995. He has served on several national and state committees that have reviewed 
levee and dam safety issues and concerns, including some panels supported by the Federal Emergency Management 
Agency. He received his B.S. degree (civil engineering) from the U.S. Military Academy, his M.S.E. degree (civil 
engineering) from Princeton University, and his Ph.D. degree (geography) from the University of North Carolina. 

Patrick L. Brockett is director of the Risk Management and Insurance Program and holds the Gus S. Wortham 
Memorial Chair in Risk Management and Insurance at the University of Texas. Dr. Brockett teaches courses and 
conducts research in a variety of fields including risk management and insurance; financial risk; actuarial science; 
decision analysis; management science/operations management and research; statistical analysis and business appli-
cations, and information theory. Dr. Brockett is the winner of the 2011 “Excellence in Teaching Award” given by the 
American Risk and Insurance Association. He was elected as a fellow of the Institute for Risk Management (2008), 
and is a fellow of the American Association for the Advancement of Science, the American Statistical Association, 
and the Institute of Mathematical Statistics. He also is an elected member of the International Statistical Institute. 
In 2006, he received the American Risk and Insurance Association Outstanding Achievement Award for further-
ing the science of risk management through the promotion of education, research, and communication. He served 
for 9 years as editor of The Journal of Risk and Insurance, the premier academic journal in risk management and 
insurance. Dr. Brockett was a member of the National Research Council Board on Mathematical Sciences and their 
Applications from 2005 to 2008. Dr. Brockett received his B.S. degree in mathematics from the California State 
University in Long Beach, and his M.S. and Ph.D. degrees in mathematics from the University of California, Irvine.

Susan L. Cutter is a Carolina Distinguished Professor of Geography at the University of South Carolina where 
she directs the Hazards and Vulnerability Research Institute. Her research interests are in disaster vulnerability/
resilience science—what makes people and the places where they live vulnerable to extreme events and how 
vulnerability and resilience are measured, monitored, and assessed. She led a Hurricane Katrina post-event field 
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team to examine the geographic extent of storm surge inundation along the Mississippi and Alabama coastline and 
its relationship to the social vulnerability of communities. She also provided testimony to Congress on hazards 
and vulnerability and was a member of the Corps of Engineers Interagency Performance Evaluation Task Force 
team evaluating the social impacts of the New Orleans and Southeast Louisiana Hurricane Protection System in 
response to Hurricane Katrina. Dr. Cutter serves on many national advisory boards and committees, including those 
of National Research Council, the American Association for the Advancement of Science, the National Science 
Foundation, and the Heinz III Center for Science, Economics, and the Environment. She was a founding member 
of the Executive Committee of the National Consortium for the Study of Terrorism and Responses to Terrorism 
(START, a Department of Homeland Security Center of Excellence focused on social and behavioral sciences). 
Dr. Cutter also holds the MunichRe Foundation Chair (2009-2012) on Social Vulnerability through the United 
Nations University–Institute for Environment and Human Security, in Bonn, Germany Dr. Cutter received her 
B.S. degree from the California State University and her M.S. and Ph.D. degrees from the University of Chicago.

David T. Ford is president of David Ford Consulting Engineers in Sacramento, California, a firm that specializes 
in flood and floodplain management. He is an internationally recognized expert in hydrologic engineering, flood 
risk analysis, and water resources planning and management. He has 40 years of project experience, including 22 as 
president of David Ford Consulting Engineers, Inc., and 12 as a senior hydraulic engineer at the U.S. Army Corps of 
Engineers’ Hydrologic Engineering Center. He has served as a consultant to federal, state, and local water manage-
ment agencies and to engineering firms worldwide. Dr. Ford has written and/or revised, in whole or in part, much 
Corps of Engineers guidance, including the Engineer Manual (EM) on risk-based analysis for flood risk management 
studies, the EM on hydrologic engineering requirements for flood risk studies, and the EM on hydrologic analysis 
of interior areas. He also has prior National Research Council committee experience, most recently with the Water 
Science and Technology Board Committee on Hydrologic Science. Ford has served on the faculty of the University 
of California and California State University. He received his B.S., M.S., and Ph.D. degrees in civil engineering from 
the University of Texas. Dr. Ford is a registered professional engineer in 15 states of the United States.

Clive Q. Goodwin is assistant vice president and manager, natural hazard peril underwriting, for FM Global Insur-
ance Company, located in Johnston, Rhode Island. In this position, Goodwin manages worldwide underwriting of 
wind, flood, and collapse perils. This involves developing and maintaining strategies to capitalize on FM Global’s 
engineering knowledge of these hazards to benefit clients in terms of risk improvement and insurance terms and 
conditions. Recently, Goodwin has been the leader of FM Global’s efforts to collaborate with the U.S. Army Corps 
of Engineers, Federal Emergency Management Agency, and other agencies to highlight the concerns regarding 
the aging inventory of levees while supporting their efforts to change U.S. national policy concerning the levee 
risk. Goodwin holds a B.S. in mechanical engineering and metallurgy from the University of Manchester, Man-
chester, UK, and received a certified diploma in accounting and finance. Additionally, he is a chartered engineer 
and a member of the Institution of Mechanical Engineers and has served on the Industry Leaders Council of the 
American Society of Civil Engineers.

Karin M. Jacoby is president of Spica Consulting, LLC, a firm she founded in 2009 focused on reducing flood 
risk through strategic solutions that incorporate economic, human, and environmental considerations. She has 
more than 25 years of experience in water resources management, much of that in planning, design, and imple-
mentation of drainage, stormwater, and flood damage reduction projects and policies. Prior to that she established 
the Waterways Division at the City of Kansas City, Missouri; as an assistant city engineer/division manager, she 
provided oversight for a $600 million waterways program. Jacoby has served as the executive director of the 
Missouri and Associated Rivers Coalition (MOARC) since 2001, a long-standing regional nonprofit focused on 
beneficial management of water and related land resources. She is an active member of the National Waterways 
Conference, serving on its Legislative and Policy Committee. In 2008, the Assistant Secretary of the Army (Civil 
Works) appointed her to the congressionally authorized National Committee on Levee Safety. Jacoby received her 
B.S. degree in civil engineering from the University of Missouri at Rolla, her M.P.A. and J.D. degrees from the 
University of Missouri at Kansas City, and is a registered engineer and licensed attorney.
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David I. Maurstad is a director and senior vice president with Optimal Solutions and Technologies, Inc., a pro-
vider of management consulting, integrated information technology, engineering services, and business process 
outsourcing in Washington, DC. Mr. Maurstad previously served as director of water policy and planning for a 
nationally recognized engineering firm specializing in flood mapping and floodplain management. He has more 
than 30 years of leadership experience with both the private insurance industry and federal, state, and local gov-
ernments. Mr. Maurstad served as assistant administrator for the U.S. Department of Homeland Security Federal 
Emergency Management Agency (FEMA). In June 2004, he was appointed by President George W. Bush to provide 
leadership for some of the nation’s leading multihazard risk reduction programs. In this role, he was the federal 
insurance administrator charged with the overall management of FEMA’s National Flood Insurance Program. He 
previously served as the director of FEMA Region VIII from 2001 to 2004 coordinating federal, state, tribal, and 
local management of emergencies through planning, preparedness, mitigation, response, and recovery. A native 
Nebraskan, he served as Mayor of Beatrice, State Senator, and Lieutenant Governor. He received his B.S. degree 
in business administration and his M.B.A. degree from the University of Nebraska.

Martin W. McCann is president of Jack R. Benjamin and Associates, Inc., in Menlo Park, California. Dr. McCann 
also serves as a consulting professor of civil and environmental engineering at Stanford University. At Stanford, he 
is the former chairman of the National Performance of Dams Program, which he founded and which has created 
a national network to report dam safety incidents and archive this information for wide use by the geotechnical 
and seismic engineering communities. Dr. McCann’s professional background and research have focused on 
probabilistic hazards analysis, including hydrologic events, risk assessment, reliability and uncertainty analysis, 
and systems analysis. Dr. McCann has served as a consultant to several government and private-sector groups in 
the United States and abroad. He currently also is serving as a member of the National Research Council Com-
mittee on Integrating Dam and Levee Safety and Community Resilience. Dr. McCann received his B.S. degree 
from Villanova University and his M.S. and Ph.D. degrees from Stanford University.

Andre D. McDonald is founder and president of Fort Bend Flood Management Association in Fort Bend County, 
Texas, a group of 17 flood management agencies and the consultants that service that industry. He has served as 
an appointed board member of Fort Bend County Levee Improvement District since 2000, and been president of 
that board since 2004. He has an extensive background in construction, primarily with management and operation 
of heavy civil construction engineering companies. His more than 30 years of experience include the day-to-day 
management with full profit and loss responsibilities of a heavy civil contracting company. The company was 
involved with direct construction and commissioning of underground utilities distribution and collection systems, 
earthwork, paving, and related infrastructure and other intraurban development. He has been part of the manage-
ment and direct field operations of airport construction, mass earthworks, industrial plant construction, wastewater 
treatment plant construction, modernization of oil refineries and grassroots LNG facilities. Mr. McDonald studied 
engineering and business administration at Mississippi State University.

Earthea A. Nance is an assistant professor in the Department of Planning and Urban Studies at the University 
of New Orleans. Dr. Nance has over 18 years of experience in the areas of environmental planning and manage-
ment, hazard mitigation, sustainable urban development, environmental remediation, water, wastewater, hazardous 
waste, and alternative energy. After Hurricane Katrina, Dr. Nance served as a Ford Foundation loaned-executive 
to the City of New Orleans, where she directed the city’s hazard mitigation, environmental, and alternative energy 
divisions and authored the city’s sustainability strategy. She is a consultant to the RAND Corporation on policy 
adaptation to climate change in New Orleans and advises the U.S. Environmental Protection Agency Science 
Advisory Board as a member of its environmental engineering committee. She also serves as a consultant to 
local environmental groups trying to understand the impacts of the Deepwater Horizon oil spill. Her research has 
examined the impacts of disasters on social and ecological diversity, the development of executive education in 
resilience and risk management, community-based environmental monitoring in Gulf Coast communities, and 
participatory water and sanitation systems in developing countries. Dr. Nance received her B.S. and M.S. degrees 
in civil and environmental engineering from the University of California at Davis and her Ph.D. degree in civil 
and environmental engineering from Stanford University.
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Kenneth W. Potter is a professor in the Department of Civil and Environmental Engineering at the University of 
Wisconsin. Dr. Potter’s areas of research include estimation of hydrologic risk, especially flood risk; adaptation of 
hydrologic design to climate change; assessment and mitigation of human impacts on aquatic systems; and restora-
tion of aquatic systems. Dr. Potter is a fellow of the American Association for the Advancement of Science , a fellow 
of the American Geophysical Union, and a Woodrow Wilson fellow. He has extensive National Research Council 
(NRC) committee experience, as well. He is a former member of the Water Science and Technology Board, chaired 
the NRC Committee on American River Flood Frequencies and the NRC Committee on Integrated Observations 
for Hydrologic and Related Sciences, served as vice chair of the NRC Committee on Flood Control Alternatives 
in the American River Basin and, most recently, served on the NRC Committee on the New Orleans Regional 
Hurricane Protection Projects. Dr. Potter received his B.S. degree in geology from Louisiana State University and 
his Ph.D. degree in geography and environmental engineering from Johns Hopkins University.

J. David Rogers holds the Karl F. Hasselmann Chair in Geological Engineering at the Missouri University of Sci-
ence & Technology in Rolla, Missouri. Dr. Rogers has extensive experience in evaluating the stability of natural 
slopes, embankments, stream channels, highways, and hydraulic structures. He has served as principal investigator 
for research funded by the National Science Foundation (NSF), U.S. Geological Survey (USGS), National Geospa-
tial Intelligence Agency, Federal Highway Administration, Department of Defense, and several state departments of 
transportation. Dr. Rogers has served on numerous panels, including the Mississippi Delta Science & Engineering 
Special Team, the Coastal Louisiana Recovery Panel, the NSF Independent Levee Investigation Team and USGS 
Investigation Teams evaluating the impacts of Hurricanes Katrina and Rita, the NSF team evaluating the 2008 and 
2011 Mississippi River floods, and the Resilient and Sustainable Infrastructure Networks team funded by NSF 
to make a 5-year examination of the California Bay Delta flood protection systems. Recently, he has also been 
working on development of computerized algorithms for regional landslide hazard mapping using geographic 
information systems in the United States, Africa, Asia, and the Hundu-Kush regions. Dr. Rogers received his B.S. 
degree in geology from Cal Poly Pomona, and his M.S. degree in civil engineering and his Ph.D. in geological 
and geotechnical engineering from the University of California, Berkeley. He served on the Berkeley faculty for 
7 years prior to accepting his current position in 2001.
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Laura J. Helsabeck is a senior staff officer with the National Research Council’s Water Science and Technology 
Board. Her interests include the use of scientific information to enhance water policy and management decisions 
pertaining to water quality and quantity. Since joining the National Research Council, she has served as the study 
director for a variety of studies including Sustainable Management in California’s Bay Delta, Challenges and 
Opportunities in the Hydrologic Sciences, and Global Change and Extreme Hydrology: Testing Conventional 
Wisdom. Dr. Helsabeck received her B.A. from Clemson University, her M.S. from Vanderbilt University, and 
Ph.D. from The Ohio State University in environmental chemistry. Her dissertation work, Ibuprofen photolysis: 
Reaction kinetics, chemical mechanism, and byproduct analysis, was awarded the Ellen C. Gonter Environmental 
Chemistry Award by the American Chemical Society. 

Michael J. Stoever is a research associate with the National Research Council’s Water Science and Technology 
Board. He has worked on a number of studies including Desalination: A National Perspective, the Water Implica-
tions of Biofuels Production in the United States, and the Louisiana Coastal Protection and Restoration Program. 
He has also worked on NRC studies on the implementation progress of the Comprehensive Everglades Restoration 
Plan, the effect of water withdrawals on the St. Johns River, and achieving nutrient and sediment reduction goals 
in the Chesapeake Bay. Mr. Stoever received his B.A. in political science from the Richard Stockton College of 
New Jersey in Pomona.
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100-year flood: See one percent annual chance flood.

Accreditation and accredited levee system: A levee system  for which evidence has been provided to the Federal 
Emergency Management Agency (FEMA) that demonstrates adequate design (i.e., certification), operation, 
and maintenance systems are in place to provide reasonable assurance that protection from the one percent 
annual chance flood exists. Design criteria, operation plans and criteria, and maintenance plans and criteria are 
discussed in the Title 44, Section 65.10, of the Code of Federal Regulations (44 CFR §65.10). See Appendix G.  

Aleatory uncertainty: A type of irreducible uncertainty attributed to the inherent randomness of events in nature. 

Base flood: See one percent annual chance flood.
Breach: Formation of a gap in the levee system through which water may flow uncontrolled onto the adjacent 

floodplain. A breach in the levee system may occur prior to or subsequent to overtopping.

Certification and certified levee system:  A technical evaluation by a certificated professional engineer or federal 
agency provided to FEMA that demonstrates that the levee system meets the requirements of 44 CFR §65.10 
to reduce risk from at least the one percent annual chance flood. 

Digital Flood Insurance Rate Map (DFIRM): A Flood Insurance Rate Map that has been made available digitally.

Efficacy: The capacity or power for producing a desired outcome or effect. 
Epistemic uncertainty: A type of uncertainty attributed to the lack of understanding about a physical process or 

system that must be modeled, referred to as knowledge-based uncertainty.
Executive Order 11988: Codified in 1977, the order requires federal agencies to “avoid to the extent possible 

the long and short term adverse impacts associated with the occupancy and modification of floodplains and 
to avoid direct or indirect support of floodplain developments wherever there is a practicable alternative.” It 
required each agency to “provide leadership and take action to reduce the risk of flood loss, to minimize the 
impacts of floods on human safety, health, and welfare, and to restore and preserve the natural and beneficial 
values served by floodplains in carrying out its responsibilities.”

Appendix C

Glossary of Terms

http://www.nap.edu/18309


Levees and the National Flood Insurance Program: Improving Policies and Practices

Copyright National Academy of Sciences. All rights reserved.

166	 LEVEES AND THE NATIONAL FLOOD INSURANCE PROGRAM

FEMA Procedure Memorandum 34, Interim Guidance for Studies Including Levees: Provides FEMA staff, 
contactors, and mapping partners with guidance for the evaluation and mapping of levees and levee-affected 
areas as part of the FEMA Flood Map Modernization effort. See Appendix G.

FEMA Procedure Memorandum 43, Guidelines for Identifying Provisionally Accredited Levees (PALs): 
Provides a 2-year period for affected levee owners to complete those actions necessary to retain their accredi-
tation. See Appendix G.

FEMA Procedure Memorandum 53, Guidelines for Notification and Mapping of Expiring Provisionally 
Accredited Levee (PAL) Designation: Provides guidance to FEMA field units regarding the steps that are 
to be taken if the required improvements to PALs have not been accomplished in the requisite 24-month 
period. See Appendix G.

Flood Hazard Boundary Map (FHBM): As defined by 44 CFR §59.1: “An official map of a community, issued 
by the Federal Insurance Administrator, where the boundaries of the flood, mudslide (i.e., mudflow) related 
erosion areas having special hazards have been designated as Zones A, M, and/or E.”

Flood Insurance Rate Map (FIRM): As defined by 44 CFR §59.1: “An official map of a community, on which 
the Federal Insurance Administrator has delineated both the special hazard areas and the risk premium zones 
applicable to the community.”

Flood insurance study (FIS): As defined by 44 CFR §59.1, (denoted as a flood elevation study therein): “an 
examination, evaluation, and determination of flood hazards and, if appropriate, corresponding water surface 
elevations, or an examination, evaluation and determination of mudslide (i.e., mudflow) and/or flood related 
erosion hazards.”

Flood or flooding: As defined by 44 CFR §59.1, flooding is:
(a) A general and temporary condition of partial or complete inundation of normally dry land areas 

from:
(1) The overflow of inland or tidal waters.
(2) The unusual and rapid accumulation or runoff of surface waters from any source.
(3) Mudslides (i.e., mudflows) which are proximately caused by flooding as defined in para- 

graph (a)(2) of this definition and are akin to a river of liquid and flowing mud on the surfaces of nor-
mally dry land areas, as when earth is carried by a current of water and deposited along the path of the  
current.
(b) The collapse or subsidence of land along the shore of a lake or other body of water as a result 

of erosion or undermining caused by waves or currents of water exceeding anticipated cyclical levels or 
suddenly caused by an unusually high water level in a natural body of water, accompanied by a severe 
storm, or by an unanticipated force of nature, such as flash flood or an abnormal tidal surge, or by some 
similarly unusual and unforeseeable event which results in flooding as defined in paragraph (a)(1) of this 
definition.”

Flood risk analysis: A subset of a risk analysis, a flood risk analysis is an analytical process that provides infor-
mation about or quantifies probabilities and consequences of a flood event.1 

Flood risk management: Comprehensive efforts to continuously carry out analyses, assessments, and related 
activities to reduce flood risk. 

Flood risk reduction: As defined by FEMA,2 “The goal of flood risk reduction is to reduce the risk to life and 
property, which includes existing structures and future construction, in the pre- and post-disaster environ-
ments. This is achieved through regulations, local ordinances, land use and building practices, and mitigation 
projects that reduce or eliminate long-term risk from flood hazards and their effects.” 

Flood zone: A geographic area defined by FEMA according to risk and designated by a community’s FIRM.
Floodplain: As defined in 44 CFR §59.1 (also denoted as flood-prone area therein): “Any land area susceptible 

to being inundated by water from any source.”

1  Modified from NRC (2010) 
2  See http://www.fema.gov/what-mitigation#4.
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Freeboard: As defined in 44 CFR §59.1, freeboard means “a factor of safety usually expressed in feet above a 
flood level for purposes of floodplain management. ‘Freeboard’ tends to compensate for the many unknown 
factors that could contribute to flood heights greater than the height calculated for a selected size flood and 
floodway conditions, such as wave action, bridge openings, and the hydrological effect of urbanization of 
the watershed.”

Hazard mitigation: see Flood risk mitigation

Interior drainage: The drainage that is required to evacuate rainwater from areas behind levees. During periods 
when rivers are high on the levee, any accumulating rainfall must be pumped out of the leveed area or the 
area becomes subject to flooding. 

Levee:  As defined in 44 CFR §59.1: “A levee is a man-made structure, usually an earthen embankment, designed 
and constructed to contain, control, or divert the flow of water so as to provide protection from temporary 
flooding.”

Levee Analysis and Mapping Procedure (LAMP):  A new approach to provide a more precise assessment of 
flood risk in areas impacted by levees. Developed and circulated for public comment in early 2012, the LAMP 
was designed to be implementable without statutory or regulatory changes. 

Levee failure: Poor performance of a levee through a variety of occurrences including breach before or after 
overtopping and malfunction of system components (e.g., gates, pumping plants, or floodwalls).

Levee fragility curves: As defined in Schultz et al. (2010), levee fragility curves are intended to be “functions 
that describe the conditional probability of system failure over the full range of loads to which that system 
might be exposed.”

Levee reach: As defined in USACE (2010a): “A levee reach is a portion of a levee system (usually a length of a 
levee) that may be considered as a unit taken for analysis purposes to have approximately uniform represen-
tative properties. A levee reach will be the unique entity having properties different than other reaches of the 
levee system that may be used to evaluate the performance of a portion of the levee system. No maximum 
length is associated with a reach.”

Levee segment: A levee segment is a discrete portion of a levee system that is operated and maintained by a single 
entity. A levee segment may comprise one or more levee features. 

Levee system:  As defined in 44 CFR §59.1, a levee system is: “a flood protection system which consists of a 
levee, or levees, and associated structures, such as closure and drainage devices, which are constructed and 
operated in accordance with sound engineering practices.”

Leveed area:  The lands from which floodwater is excluded by the levee system. 
Level of protection: Normally seen as the flood recurrence interval against which a specific structure is designed 

to withstand. 

Mitigation (structural and nonstructural): As defined by the U.S. Army Corps of Engineers (USACE, n.d.): 
“Structural measures such as dams, levees, and floodwalls alter the characteristics of the flood and reduce the 
probability of flooding in the location of interest. Nonstructural measures alter the impact or consequences 
of flooding and have little to no impact on the characteristics of the flood.”

One percent annual chance flood: A term commonly used to describe a hydrologic event that has in any year a 
1 in 100 chance of being equaled or exceeded.

Overtopping: The condition that occurs when floodwaters reach the crest of the levee and exceed its height. 
Overtopping might or might not be in conjunction with levee failure. 

Practices: Methods or techniques used to implement policies. 
Policies: Rule or principle used to guide decision making, typically defined in guidance documents.
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Residual risk: The risk that remains after considering the mitigating effects of structural, nonstructural, and other 
risk reduction measures is known as residual risk. Residual risk is always present behind a levee, because 
no levee is failsafe.

Risk: The potential for adverse effects from the occurrence of a particular hazardous event, which is derived from 
the probable combination of physical hazards (physical characteristics), the exposure and vulnerabilities of 
people and property subject to danger or damage from the hazard, and the consequences (impact or damage) 
caused by the hazard. In insurance nomenclature, risk is the term used to designate the loss consequence 
of the realization of the uncertain peril, and it may be financial or nonfinancial in nature (e.g., reputational 
loss).  The causes of loss are called a peril, and a condition or situation that increases either the likelihood 
or severity of the peril occurring is called a hazard. 

Risk analysis: A detailed examination to understand the nature of adverse consequences from a particular event to 
human life, property, or the environmental; an analytical process that provides information about or quanti-
fies probabilities and consequences of an unwanted event. Often, broad definitions of risk analysis include 
examination of risk communication, risk perception, and risk management alternatives.3 

Severe repetitive loss properties: Section 1361A of the National Flood Insurance Act, as amended, 42 U.S.C. 
4102a, defines it as a residential property that is covered under an NFIP insurance policy and has at least four 
claim payments and for which two of these payments in total have exceeded the market value of the property.

Special Flood Hazard Area (SFHA): As defined in 44 CFR §59.1 (denoted as an area of special flood hazard 
therein), the SFHA is: “the land in the flood plain within a community subject to a 1 percent or greater chance 
of flooding in any given year.”

Standard project flood:  The standard project flood is a derived discharge estimate that represents a flood that 
can be expected from the combination of the most severe meteorologic and hydrologic condition that are 
considered reasonable characteristic of a region (USACE, 1965).

Tolerable risk guidelines: As defined in USACE (2010b), tolerable risk guidelines “categorize the nature of 
risks in ways that can assist in assessing their acceptability or nonacceptability, and in prioritizing actions 
for reducing risks.”  

Uncertainty: As discussed in NRC (2010), uncertainty is “always present in our ability to predict what might 
occur in the future, and is present as well in our ability to reconstruct and understand what has happened in 
the past. This uncertainty arises from missing or incomplete  observations and data; imperfect understand-
ing of the physical and behavioral  processes that determine the response of natural and built environments 
and the people within them; and our inability to synthesize data and knowledge into working models able to 
provide predictions where and when we need them.”

Vulnerability: As defined in NRC (2012), vulnerability is “the potential for harm to the community and relates 
to physical assets (building design and strength), social capital (community structure, trust, and family net-
works), and political access (ability to get government help and affect policies and decisions). Vulnerability 
also refers to how sensitive a population may be to a hazard or to disruptions caused by the hazard.”

REFERENCES

NRC (National Research Council). 2010. Review of the Department of Homeland Security’s Approach to Risk Analysis Wash-
ington, DC: The National Academies Press.

NRC. 2012. Disaster Resilience: A National Imperative. Washington, DC: The National Academies Press.
Schultz, M. T., B. P. Gouldby, J. D. Simm, and J. L. Wibowo. 2010. Beyond the Factor of Safety: Developing Fragility Curves 

to Characterize System Reliability. Washington, DC: U.S. Army Corps of Engineers.

3  Modified from NRC (2010). 

http://www.nap.edu/18309


Levees and the National Flood Insurance Program: Improving Policies and Practices

Copyright National Academy of Sciences. All rights reserved.

APPENDIX C	 169

USACE (U.S. Army Corps of Engineers). 1965. Standard Project Flood Determinations, EM 110-2-14-11. Washington, DC: 
USACE.

USACE. 2010a. USACE Process for the National Flood Insurance Program (NFIP) Levee System Evaluation. Available online 
at http://publications.usace.army.mil/publications/eng-circulars/EC_1110-2-6067.pdf. Accessed November 27, 2012.

USACE. 2010b. Proceedings of the Workshop Exploration of Tolerable Risk Guidelines for the USACE Levee Safety Program. 
Report 10-R-9. Washington, DC: USACE.

USACE. n.d. National Nonstructural Flood Proofing Committee. Available online at http://www.usace.army.mil/Missions/
CivilWorks/ProjectPlanning/nfpc.aspx. Accessed November 15, 2012.

http://www.nap.edu/18309


Levees and the National Flood Insurance Program: Improving Policies and Practices

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/18309


Levees and the National Flood Insurance Program: Improving Policies and Practices

Copyright National Academy of Sciences. All rights reserved.

171

During the course of this study, numerous persons contributed to the development of this report.  Some pro-
vided material and talks at the request of the committee, some provided unsolicited material, and others provided 
advice for the committee to consider.  The committee would like to thank all of these persons for their interest 
and support for this effort. 

Ray Alexander, Deputy Chief, Office of Homeland Security, U.S. Army Corps of Engineers (USACE)
Bryan Baker, Technical Project Manager, USACE
Mark Baker, Civil Engineer, U.S. National Parks Service
David N. Bascom, Program Specialist, Federal Emergency Management Agency (FEMA)
Perry Beider, Senior Advisor, Congressional Budget Office
Douglas A. Bellomo, Risk Analysis Division Director, FEMA
Michael Bishop, Contractor Lead, Midterm Levee inventory, Michael Baker Corporation William R. Blanton, 

Jr., Engineering Management Branch Chief, FEMA
Samuel D. Brody, Professor, Texas A&M University, College Station
Kelly Bronowicz, Program Manager, FEMA
Pernille Buch-Pedersen, Program Manager, Michael Baker Corporation
Michael K. Buckley, Vice President for Strategic Initiatives of Management and Consulting Services, Dewberry
Jae-won Chung, Postdoctoral Scholar, Missouri University of Science and Technology
Roger Churchwell, Director of Engineering, San Joaquin Area Flood Control Agency (SJAFCA)
Tammy L. Conforti, Levee Safety Program Manager, HQ, USACE 
Dan Delich. National Levee Issues Alliance
Susan Dell’Osso, Project Director, Cambay Group
Siamak Esfandiary, Program Specialist, FEMA
G. Michael Fitzgerald, Galveston County Engineer, Galveston County, Texas
Steve Fitzgerald, Chief Engineer, Harris County Flood Control District
Greg Frank, Vice President, Costello, Inc.
Christopher Gallion, Superintendent, Velasco Drainage District
Sharmae Gambrel, Compliance Review Examiner, Federal Deposit Insurance Corporation (FDIC)
David Greenwood, Vice President, Michael Baker Corporation 

Appendix D

Contributors to the Report, Levees and 
the National Flood Insurance Program: 

Improving Policies and Practices

http://www.nap.edu/18309


Levees and the National Flood Insurance Program: Improving Policies and Practices

Copyright National Academy of Sciences. All rights reserved.

172	 LEVEES AND THE NATIONAL FLOOD INSURANCE PROGRAM

Colonel Christopher Hall, St. Louis District Commander, USACE
Eric Halpin, Special Assistant for Dam and Levee Safety, USACE 
Les Harder, Water Resources Technical Advisor, HDR, Inc.
Steve Hazelwood, Director, Dow Chemical Company
Noller Herbert, Conservation Engineering Division Director, Natural Resources Conservation Service (NCRS)
Claudia Hoeft, National Hydraulic Engineer, NCRS
Robert Howell, Engineering Practice Manager, USACE
Paul Huang, Mitigation Directorate Branch Chief, FEMA
Ryan Janda, Program Lead for Flood Mitigation Assistance (FMA), Severe Repetitive Loss (SRL), and Repeti-

tive Flood Claims (RFC) programs, FEMA
Jeffrey Janecek, Assistant Engineer, Fort Bend County Drainage District
R. Donald Janssen, Senior Vice President, Planned Community Developers
Jill A. Jordan, Assistant City Manager, City of Dallas, Texas
Michael Jordan, Civil Engineer, USACE
Jim Keith, Program Analyst, U.S. Bureau of Reclamation 
George Kidwell, Chairman, Velasco Drainage District
Sandra K. Knight, Deputy Federal Insurance and Mitigation Administrator for Mitigation, FEMA
Richard W. Krimm, former Associate Director, FEMA
Brian G. Koper, Civil Associate, Michael Baker Jr., Inc. 
Christina Kuo, Senior Engineer, California Department of Water Resources
Kent Lang, Director, West Sacramento Area Flood Control Agency
Larry A. Larson, Director Emeritus, Association of State Floodplain Managers 
Donna Lee, Technical Specialist, David Ford Consulting Engineers, Inc. 
Scott Leimer, Galveston District Levee Safety Program Manager, USACE
Maria Lorenzo-Lee, Senior Engineer, California Department of Water Resources
Guy Lowes, Senior Civil Engineer, FEMA
Jay R. Lund, Director, Center for Watershed Sciences, University of California, Davis
Tim Mantz, Chief, Business Analysis Branch, FEMA
Rod Mayer, Assistant Deputy Director for FloodSAFE, California Department of Water Resources
Dave McMurray, Chairman, Upper Mississippi, Illinois, Missouri Rivers Association (UMIMRA)
Craig McRaney, Levee Safety Program Manager, Vicksburg District, USACE
Erwann Michel-Kerjan, Wharton Risk Center, Wharton School, University of Pennsylvania 
Melissa Mullen, Acting Levee Safety Program Manager, Mississippi Valley Division, USACE
Corise Morrison, Executive Director, USAA 
Jeffrey F. Mount, Professor, University of California, Davis
Don Natolli, Sacramento County Supervisor, Sacramento County, California
D. Andrew Neal, Actuary, FEMA
Leiann Nelson, Senior Underwriter, Risk Management Agency, U.S. Department of Agriculture (USDA)
Linda Pilgrim, Office of Counsel, FEMA 
Ricardo Pineda, Floodplain Risk Management Branch Chief, California Department of Water Resources
Richard G. Reinhardt, Principal, MBK Engineering
Rhonda Robins, Senior Technical Specialist, David Ford Consulting Engineers
Nicholas Pinter, Professor, Southern Illinois University
Robert Quint, Chief of Staff, U.S. Bureau of Reclamation
Kathleen Schafer, Engineer, FEMA
Scott L. Shapiro, Partner, Central Valley Flood Control Association
Jeff Sparrow, Assistant Vice President, Michael Baker Corporation 
Dave Stearrett, Chief, Floodplain Management Branch, FEMA
Rune Storesund, Consulting Engineer, Storesund Consulting
Ronald Stork, Policy Director, Friends of the River

http://www.nap.edu/18309


Levees and the National Flood Insurance Program: Improving Policies and Practices

Copyright National Academy of Sciences. All rights reserved.

APPENDIX D	 173

Nancy L. Ward, Regional Director, Region IX, FEMA
Timothy Washburn, Director of Planning, Sacramento Area Flood Control Agency
Douglas P. Whipple, Director, Organizational Effectiveness, Dow Chemical Company
Jeffrey Woodward, Senior Lender Compliance Officer, FEMA
Roy E. Wright, Deputy Director, Risk Analysis Division, FEMA

http://www.nap.edu/18309


Levees and the National Flood Insurance Program: Improving Policies and Practices

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/18309


Levees and the National Flood Insurance Program: Improving Policies and Practices

Copyright National Academy of Sciences. All rights reserved.

175

Moderate to Low Risk Areas
In communities that participate in the NFIP, flood insurance is available to all property owners and renters in these zones:

ZONE DESCRIPTION

B and X
(shaded)

Area of moderate flood hazard, usually the area between the limits of the 100-year and 500-year floods. Are 
also used to designate base floodplains of lesser hazards, such as areas protected by levees from 100-year 
flood, or shallow flooding areas with average depths of less than one foot or drainage areas less than 1 square 
mile.

C and X
(unshaded)

Area of minimal flood hazard, usually depicted on FIRMs as above the 500-year flood level.

High Risk Areas
In communities that participate in the NFIP, mandatory flood insurance purchase requirements apply to all of these zones:

ZONE DESCRIPTION 

A Areas with a 1% annual chance of flooding and a 26% chance of flooding over the life of a 30-year mortgage. 
Because detailed analyses are not performed for such areas; no depths or base flood elevations are shown 
within these zones. 

AE The base floodplain where base flood elevations are provided. AE Zones are now used on new format FIRMs 
instead of A1-A30 Zones. 

A1-30 hese are known as numbered A Zones (e.g., A7 or A14). This is the base floodplain where the FIRM shows a 
BFE (old format). 

AH reas with a 1% annual chance of shallow flooding, usually in the form of a pond, with an average depth 
ranging from 1 to 3 feet. These areas have a 26% chance of flooding over the life of a 30-year mortgage.  
Base flood elevations derived from detailed analyses are shown at selected intervals within these zones. 

AO River or stream flood hazard areas, and areas with a 1% or greater chance of shallow flooding each year, 
usually in the form of sheet flow, with an average depth ranging from 1 to 3 feet. These areas have a 26% 
chance of flooding over the life of a 30-year mortgage. Average flood depths derived from detailed analyses 
are shown within these zones. 

SOURCE: FEMA’s Map Service Center, available online at https://msc.fema.gov/webapp/wcs/stores/servlet/info?storeId=10001&catalog 
Id=10001&langId=-1&content=floodZones&title=FEMA%2520Flood%2520Zone%2520Designations [accessed August 6, 2012]. 

Appendix E

Flood Zone Designations
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AR Areas with a temporarily increased flood risk due to the building or restoration of a flood control system (such 
as a levee or a dam). Mandatory flood insurance purchase requirements will apply, but rates will not exceed 
the rates for unnumbered A zones if the structure is built or restored in compliance with Zone AR floodplain 
management regulations. 

A99 Areas with a 1% annual chance of flooding that will be protected by a Federal flood control system where 
construction has reached specified legal requirements. No depths or base flood elevations are shown within 
these zones. 

High Risk - Coastal Areas
In communities that participate in the NFIP, mandatory flood insurance purchase requirements apply to all of these zones:

ZONE DESCRIPTION 

V Coastal areas with a 1% or greater chance of flooding and an additional hazard associated with storm waves. 
These areas have a 26% chance of flooding over the life of a 30-year mortgage. No base flood elevations are 
shown within these zones. 

VE, V1 - 30 Coastal areas with a 1% or greater chance of flooding and an additional hazard associated with storm waves. 
These areas have a 26% chance of flooding over the life of a 30-year mortgage. Base flood elevations derived 
from detailed analyses are shown at selected intervals within these zones. 

Undetermined Risk Areas

ZONE DESCRIPTION 

D Areas with possible but undetermined flood hazards. No flood hazard analysis has been conducted. Flood 
insurance rates are commensurate with the uncertainty of the flood risk. 
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Throughout the preparation of this report, the committee came across many previously published reports on the 
topic of levees and the National Flood Insurance Program that were of use. The observations, conclusions, recom-
mendations put forth by selected works are listed below, in chronological order.

A Levee Policy for the National Flood Insurance Program (NRC, 1982)

Existing levees should be recognized for the purpose of reducing insurance rates where they provide protec-
tion against 25-year or larger floods and where they meet specified structural design criteria, including requisite 
freeboard.

New levees should be recognized for the purpose of reducing insurance rates where they provide protection against 
100-year or larger floods and where they meet specified structural design criteria including, freeboard. A1l levees 
on which construction begins after a date to be determined by FEMA should be considered new levees.

All levees (existing and new) to be given credit for reducing flood risk in the NFIP must meet standard minimum 
engineering criteria with respect to geometric parameters, freeboard, soils and foundations, interior drainage, 
closure devices, and rights of way.

In its administration of design evaluations and construction conformance inspections, FEMA should first pursue 
the possibility of using the services of federal and state agencies having water resources experience. Where federal 
participation cannot be arranged, FEMA must use state and private sector capabilities.

Where responsible federal or state agencies have had continuous maintenance responsibilities on levees they 
designed and constructed, and will attest to their adequacy under FEMA standards, independent evaluations should 
not usually be required. Evaluations should be required, however, on levees that were designed and constructed 
by federal agencies but are currently being operated and maintained by others. 

Where a federal or state agency does not evaluate a Levee, Levee evaluations should be done by “levee evaluation 
contractors” (LECs), private consulting firms designated by FEMA.

Appendix F

Levee-Related Observations, Conclusions, and 
Recommendations from Previous Reports
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While FEMA should designate qualified private consulting firms to be LECs, the firms should work under con-
tract to an applicant interested in having a levee evaluated for recognition by FEMA. All costs of the LECs work 
should be borne by the applicant.

Since recognition of 25-year levees for the purpose of reducing insurance rates would represent an important 
change in federal policy, FEMA should publicize the benefits, costs, and procedural details for levee recognition.

FEMA should inventory all levees previously credited as providing projection from the100-year flood, set priori-
ties, and schedule communities for restudy to reevaluate the levees.

FEMA should develop a short and simple checklist that can be used to make a quick assessment of whether a 
levee meets recommended criteria.

FEMA should confirm its interim policy that does not recognize sand bags on top of levees and other types of 
human intervention, except for structural closures which are legitimate parts of planned levee systems, as augment-
ing levee systems design level of protection.

Federal Code 208.10, Title 33, “Local flood protection works; maintenance and operation of facilities should be 
modified where not well suited, supplemented for interior drainage, and adopted by FEMA as a guideline for 
operation and maintenance of levee systems.

A specific operation and maintenance plan, tailored to the loca1 needs, must be formally adopted by the levee 
owner for a levee to be credited and continue to be credited in the NFIP.

The operation and maintenance plan must, provide for periodic inspections. The plan should be completed within 
a designated time period, meet the requirements of, and be acceptable to FEMA. Each inspection must be by a 
professional engineer retained by the levee owner and registered in the state in which the levee is located. A writ-
ten report to the levee owner should be promptly prepared and certified by the professional engineer making the 
inspection. The report must specifically describe items found deficient and emerging potential future problem 
areas. Copies of the certified report should be sent, by the certifying professional engineer to the regional FEMA 
office. Also, a copy should be provided theloca1 political entities which have responsibilities to FEMA for the 
levee-protected area. FEMA should follow up to assure corrections are made within a reasonable length of time. 
In instances where corrections are not made to critical deficiencies, FEI4A should withdraw recognition.

FEMA should require the elevation of new residential structures and the flood-proofing of other new buildings in 
all areas protected by levees unable to contain the 100-year flood.

FEMA should require purchase of flood insurance in all areas where the ground is lower than the unconfined 100-
year flood level except where protected by a levee built to contain the 500-year flood.

Communities should regulate the placement of critical facilities (not regulated by some higher level of government) 
in all leveed areas in accordance with the procedures of Executive Order 11988.

Owners, tenants, and lenders occupying areas designated as protected by levees should be notified periodically 
by responsible local officials that their land in the levee protected area is still subject to flooding in the event of 
levee failure.

Local officials of any NFIP participating community protected by a levee, regardless of its size and reliability, 
should prepare and promulgate an action plan for warning and evacuation in the event of levee failure.

FEMA should help make local governments and special districts aware of the possibility of liability for actions or 
nonactions that aggravate flood hazards. 
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FEMA should, in appropriate cases, seek to recoup federal flood-related costs (including flood insurance pay-
ments, disaster assistance, etc.) from levee owners/operators when such costs arise from improper operation and 
maintenance of levee and associated interior drainage facilities.

Regardless of the level of protection provided, the levee-protected area should be disaggregated into flood risk 
zones and an actuarial rate be established for each zone that reflects the degree of protection actually provided 
by the levees.

Consistent with the design levels of protection recommended in Chapter 3, NFIP policyholders in areas behind 
existing 1evees that offer more than 25-year protection or new levees affording 100-year protection or greater 
should pay lower rates that reflect the reduced risk of property damage.

The levee flood risk zones should match the existing flood risk zones established for the regular Flood Insurance 
programs

FEMA should continue its efforts to establish an actuarial rate basis for the Flood insurance program and, as far as 
practical, convert its present rate schedule to actuarial rates. The actuarial rates as is done by the private insurance 
industry would be updated annually to reflect experience, claims paid, and the cost of doing business.

FEMA should contract for the development of a list of key categories concerning tire physical condition of a levee 
that would be used to evaluate the levee’s ability to function effectively and concerning use of those factors to 
estimate geotechnical risk. An unsatisfactory rating would result in increased flood insurance premiums.

All levees, dikes, or floodwalls should be labeled as such on any new or revised FHBM. Also, the areas protected 
by levees providing100-year or greater protection should be delineated on the new or revised FHBMs as Zone LP. 
Areas protected by Levees not meeting this standard would continue to be mapped as Zone A.

The location of all levees, dikes, or floodwalls credited as providing 100-yearprotection or more should be clearly 
denoted on all future FIRMs.

Areas behind recognized 100-year levees that would be flooded (assuming no levee) by a 100-year flood should 
be designated as Zone ALP. Areas between the 100-year flood boundary and 500-year flood boundary should be 
designated as Zone BLP.

The locations of all credited levees, dikes, and floodwalls should be clearly denoted on all Floodway Maps. Areas 
behind credited levees providing 100-year protection that would be flooded during a 500 year flood should be 
shown on Floodway Maps.

FEMA should create an AL(No. ) Zone that would designate an area protected by a levee with a frequency of pro-
tection defined by the (No.). For example, if the levee had an elevation equal to the 4O-year flood (plus required 
freeboard), then the Zone would be Al(40).

FEMA should not make it a mandatory requirement to include evacuation routes on maps If the information is 
available when the maps are being prepared and if it makes sense from a community-to-community mapping 
standpoint, then the evacuation routes could be included on the maps. In other cases, it may be expeditious for 
communities to develop their own special evacuation route maps.

Interior drainage situations in areas on the landside of levees should be analyzed in conjunction with the riverine 
flood analysis, and the areas flooded by interior drainage should be shown on FEMA maps in accordance with 
current practice. Appropriate consideration should be given to correlation of the event on the river and the event 
causing the interior drainage problem.
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Assessing the Adequacy of the National Flood Insurance Program’s 
One Percent Flood Standard 2006 (Galloway et al., 2006)

If implementation of the standard can be improved, FEMA should retain the one percent annual chance flood as 
the Federal standard for regulation of activity in the SFHA. The Nation needs to have a common standard for 
Federally imposed land use restrictions.

FEMA should take action to improve the implementation of the one percent standard for regulation of land use. 
Such actions as enhancement of public understanding of hazards, use of future-conditions hydrology to account 
for urbanization and climate change, reduction in floodway infringements, and greater attention to enforcement of 
existing NFIP provisions would greatly improve the effectiveness of NFIP related land use decisions.

States and their communities should exercise their responsibility to impose higher standards, where the health and 
safety of the population merits a higher standard for land use regulation. Concurrently, FEMA should examine the 
use of incentives, possibly through use of the Community Rating System (CRS), to reward States that exercise 
these responsibilities. Imposition of higher standards is well within the purview of the States and the communities 
that lie within the States and receive their land use authority from the States.

FEMA should seek legislative authority to require mandatory purchase of flood insurance by those living in the 
0.2 percent floodplain if they hold a Federally insured mortgage or if they are to receive any disaster assistance 
from the Federal government in the case of a flood. The cost of this insurance should be determined actuarially, 
based on the reduced risk of living at a specific elevation within the 0.2 percent floodplain.

FEMA should not recognize levees under the NFIP unless they provide protection to the 0.2 percent (500-year 
flood) level. Levees in non urban areas should protect against the 1 percent or larger flood, depending on the 
economic costs and benefits of the levee.

FEMA should seek legislative authority to require mandatory purchase of flood insurance by those living behind 
accredited levees to address the residual risks they face and to ensure they are aware of this risk. Structures behind 
levees are subject to residual risks and should be insured against that risk.

FEMA should ensure that NFIP guidance and program activities clearly indicate that critical facilities should be 
located outside the 0.2 percent floodplain.

FEMA should improve the collection of policy and claims data, to assist in ongoing evaluation efforts, and should 
actively support Federal funding of efforts by NOAA to upgrade precipitation frequency estimates and flood data 
collection, and the U.S. Geological Survey (USGS) efforts to upgrade its stream gaging program. The accuracy of 
the Federal flood data is no better than the baseline information from which it is derived.

FEMA should ensure that consideration of natural and beneficial functions is fully integrated into all aspects of 
FEMA and NFIP actions influencing floodplain activity.

GAO Hurricane Katrina: Strategic Planning Needed to Guide Future 
Enhancements Beyond Interim Levee Repairs (GAO, 2006)

The Army Corps of Engineers should develop (1) a comprehensive strategy that includes an integrated approach 
for all projects and plans for rebuilding and strengthening the system and (2) an implementation plan that will 
achieve the specific level of protection in a cost-effective manner, within a reasonable time frame.

The Army Corps of Engineers should establish an evaluative organization like the Interagency Performance Evalu-
ation Task Force, to assist in its efforts in developing a strategic plan, monitoring progress, and providing expert 
advice for constructing a stronger and well-integrated hurricane protection system. 
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The National Levee Challenge; Levees and the FEMA Map Modernization 
Initiative – 2006 Interagency Committee (FEMA, 2006)

FEMA should define a new flood insurance zone (Zone XL) for areas behind levees that provide 100-year protec-
tion and meet other requirements for inclusion in the NFIP and, in coordination with other agencies, identify the 
level of risk to those structures behind those levees. The XL zone would include those areas behind the levee that 
are subject to inundation by the 100-year flood in the without-levee condition. The area between the 100- and 
500-year floodplain lines would be shown as a shaded X zone.

Levees would also be identified under a scientifically based levee risk classification system (e.g., high, medium, 
or low). This classification system would be based on several factors, including the following: 

•	 Potential depth of flooding in the event of failure or overtopping, 
•	 Type and density of development in protected areas behind the levee, 
•	 Steps taken to ensure that levee failure does not occur during levee capacity exceedance (overtopping), 
•	 Warning times, 
•	 The number and types of egress so that people who may be inundated may move out of harm’s way. 

This levee risk classification would be designated on the Flood Insurance Rate Map (FIRM) and in the Flood 
Insurance Study report.

To ensure that levee systems maintain the conditions that qualified them for NFIP accreditation, FEMA should 
require as a condition of retaining FEMA recognition of levee status that sponsors: 

•	 Conduct annual inspections of the levee system, 
•	 Submit to FEMA biennially the results of the annual inspections, levee system operation and mainte-

nance records, and an assessment of the levee system during any flood events that occurred within the reporting  
period, 

•	 Submit to FEMA every 10 years a report, prepared by a registered Professional Engineer or Federal agency 
responsible for levee design, that recertifies the engineering and geotechnical conditions of the levee system, 

•	 Certify levees as systems that include not only levees and floodwalls, but also the pumps, interior drain-
age systems, closures, penetrations, and transitions that provide systems integrity, and ensure that operation and 
maintenance plans cover all elements of the system.

To ensure that all components of a levee system meet required standards, FEMA should exclude embankments, such 
as roads and railroads, from inclusion in accredited levee systems unless those embankments meet the engineering 
criteria required of levees and are maintained and operated in accordance with the provisions of 44 CFR 65.10. 

FEMA should revise 44 CFR 65.10 to incorporate the above recommendations and to deal with other needed 
changes in the administrative requirements of 44 CFR 65.10 as noted in the appendices to this report. 

FEMA and USACE should continue their efforts to develop a joint database structure that will meet the needs of 
both agencies and other Federal and State organizations to maintain an inventory and assessment of flood damage 
reduction structures, including levees.

While agency-specific components of such a database will be needed, the management and fiscal benefits that 
accrue from a common core and adherence to the national spatial data infrastructure (NSDI) will be significant. 

Working with its Federal, State, and local partners and with levee sponsors, FEMA should develop and implement 
a public awareness and outreach strategy that will improve public awareness and understanding of the hazards 
and risks associated with levees. This audience includes the Administration and Congress, other public officials, 
and private citizens. 
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As part of this public outreach effort, levee sponsors should be required to notify annually property owners in areas 
behind a levee about the residual risk that exists and the risk classification of the levee. 

The relationships among institutions and organizations dealing with levees are not clearly defined and vary by 
agency and region. 

The Federal Government’s role in flood damage reduction through USACE, the Natural Resources Conservation 
Service (NRCS), the Bureau of Reclamation, the National Oceanic and Atmospheric Administration (NOAA), and 
the U.S. Geological Survey (USGS) is generally understood. FEMA’s role in floodplain management is evolving 
and is less understood by the public. Similarly, the role of State and local organizations in carrying out floodplain-
related activities is evolving. 

Success in Map Mod as well as flood damage reduction will depend on the development of close working relation-
ships among representatives of the agencies involved. 

Efforts should be made to closely coordinate the activities of relevant Federal agencies in floodplain management 
and related mapping programs. 

FEMA and USACE should review existing authorities and funding available to assist communities in performing 
certification analysis and make recommendations to the Office of Management and Budget (OMB) if the funding 
and authorities are not available. 

FEMA and USACE also should develop expedited processes to assist communities in remediation of publicly-
owned levees and seek OMB and Congressional approval of these processes and the need for resource commit-
ments to support them. 

FEMA should consider seeking legislative action to permit use of A99 designation and procedures by communities 
that are able to self-fund levee upgrades 

To ensure that the base data used to support the hydraulics and hydrology (H&H) analysis are up to date and reflect 
21st-century computation technologies, FEMA, in coordination with other Federal agencies that use these data 
and techniques, should support funding of NOAA efforts to upgrade precipitation frequency estimates, upgrades 
to the USGS gaging program, and the Advisory Committee on Water Information Subcommittee on Hydrology 
revision of Bulletin 17B, which guides flood recurrence interval determinations. 

Recognizing the national and international movement toward use of risk analysis in dealing with floods and their 
consequences, the significant strides that have been made in developing risk assignment techniques, and the cur-
rent use of these techniques by USACE in levee design, FEMA should modify 44 CFR 65.10 to phase out, over 
the next 10 years, use of the freeboard-based approach and should substitute the risk analysis methodology for 
levee-height determination. During the transition period, FEMA should permit either approach to be used in levee 
design and recertification analysis

Strong consideration should be given to not recognizing, for NFIP purposes, levees that provide protection to 
highly urbanized areas unless they provide protection against floods greater than 100 years (e.g., the 500-year 
flood). There is a long history of recommendations and analyses to support protection to 500-year or greater levels. 
Given the large number of existing levees, the transition would not be quick or easy. Nevertheless, FEMA should 
take steps to immediately examine this issue in detail and determine if a change in the standard for recognition 
should take place. 

Non-Federal levees exist at the sufferance of the States and counties in which they are located. Federal levees, for 
the most part, are passed to State and local sponsors following their completion for operation and maintenance. 
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State and local agencies must play a significant role in dealing with levee issues as they arise. Federal agencies 
should recognize the State and local roles and develop incentives and support mechanisms to ensure that State and 
local agencies can effectively carry out their responsibilities.

Property owners behind levees continue to face the residual risk of flooding, yet they are not required to share in 
the mitigation of this risk through insuring their property against the dangers of the residual risk. FEMA should 
address the challenge of the residual risk in the following ways: 

•	 Seeking legislative change to require property owners to purchase some level of flood insurance for struc-
tures behind levees (new Zone XL). 

•	 Requiring communities to establish special early warning systems and to develop flood warning – prepared-
ness plans for those areas that are protected by levees. 

The current H&H approach for calculation of the BFE ensures that structures being designed to comply with the 
BFE are out of date by the time they are constructed. Future H&H conditions are not directly addressed. FEMA, 
working closely with other Federal agencies, States and communities, should examine how best to deal with 
climate change, sea-level rise, and future development. Such efforts will require the commitment of significant 
resources. It also represents a conceptual shift from specifying the mapping criteria to reflect present conditions 
to establishing criteria based on possible, but not fully quantifiable, future conditions.

When communities are not able to document immediately the recertifiability of currently certified levees and the 
levees are not known to be at risk, FEMA should notify the communities of the need for a more detailed examina-
tion of the levees and provide a specific schedule for that activity. Communities should be required to notify all 
residents who are living in areas behind the levees of the re-examination and identify for them the residual risks 
and the need for information about the levees. This action would closely parallel ongoing FEMA efforts to permit 
completion and adoption of new countywide maps that contain levees needing further study. 

A major challenge facing those responsible for levee certification is conduct of appropriate and rapid geotechnical 
assessments of levee integrity. These assessments are critical to providing assurances of levee safety. However, 
such assessments, depending on the nature of the material and the cross section of the levee, are very costly. The 
bulk of the costs are related to the number and depth of soil borings. No methods or technologies are currently 
available to replace soil borings, and little effort is underway in the Research and Development (R&D) community 
to deal with the challenge. FEMA, USACE and USGS should support R&D efforts focused on improvement of 
rapid assessment of levee geotechnical integrity and should jointly recommend to the National Science Foundation 
that attention be given to this area of research. 

ASFPM: National Flood Policy Challenges – Levees: The Double-Edged Sword (ASFPM, 2007)

The ASFPM urges FEMA and the U.S. Army Corps of Engineers, along with other federal water resources agencies, 
to revisit and revise the definition of levee so that it includes elements of function, risk, and vulnerability. This 
effort should include defining a levee, dam, or incidental work that modifies flood flows and the interrelationships 
among these definitions. The Federal Interagency Task Force on Floodplain Management is one potential vehicle 
to undertake this task.

The ASFPM believes that the Corps of Engineers should be tasked as the lead agency to develop and maintain a 
comprehensive inventory of current and future levees. This would start with federal levees and ultimately include 
non-federal and private levees.

Levees should be used as a structure of last resort and only after other measures, especially nonstructural ones, 
have been fully considered. Levees should not be used as a means to facilitate the development of currently unde-
veloped floodprone lands.
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Federal investments in levees should not be made for a structure that provides less than 500-year protection, and 
the Corps of Engineers planning process of maximizing the NED should explicitly incorporate this public safety 
standard as a lower boundary for federal investment.

Levees should not be constructed in floodways and, to the maximum extent possible, when constructed or recon-
structed levees should be set back from rivers to allow the river to function more naturally and to provide for the 
protection or restoration of riparian and wetland resources between the river bank and the levee. 

The ASFPM urges Congress and the Administration to adopt a policy that the 500-year level of protection for levee 
design is the minimal standard for purposes of flood insurance and other federal investment.”

Current levees that provide less than 500-year protection but meet all the requirements for design, maintenance, 
and operation, and are recognized by federal programs as meeting the standards for 100-year protection, could 
be provided grandfathered status. Criteria should be developed to determine when and if protection provided by 
a specific levee would need to be upgraded and how that would be achieved.

Benefit/cost analysis is an appropriate tool with which to evaluate and contrast federal projects, but it should be 
bounded by a strong public safety design standard, which for federally supported levees should be the 500-year 
level of protection.

The design of levees should include improved methods of providing resiliency, most notably the inclusion of 
designed fail-resistant spillways built into many levees so that when the levee design is exceeded, excess flow 
spills through that area, preventing catastrophic overtopping or failure of the structure.

The impacts of any new, rehabilitated, or reconstructed levee that would result in the transfer of damage or in 
adverse economic, social, or environmental consequences must be mitigated.

The local sponsor must demonstrate the financial and staffing capability to provide operation and maintenance for 
the life of the structure—before the project is approved, constructed, re-constructed, or recognized as providing 
a certain level of flood protection.

Congress should fund the National Research Council to engage experts to evaluate and propose modifications 
to levee design, operation, and maintenance standards. These efforts should include review of previous National 
Academies reports, and the extent to which previous recommendations have been addressed.

Written guidance is needed on what constitutes a “proper” inspection, what is needed for certification to enable the 
NFIP to recognize the levee, and what the actual consequences are to the levee owner if the levee is not properly 
maintained to meet these requirements. Both the Corps of Engineers and FEMA have guidance for requirements 
of programs that come into play with these issues, and the guidance from each agency must be consistent and 
correlated with the other agency’s guidance.

A federal policy should be clearly articulated that the periodic certification and inspection of levees, including 
related operation and maintenance, is the responsibility of the levee owner and that transferring this responsibil-
ity to the federal government is inappropriate. Participation in federal programs of repair, insurance, and disaster 
relief must be contingent on levee owner compliance with these elements.

A federal policy should be clearly articulated that the periodic certification and inspection of levees, including 
related operation and maintenance, is the responsibility of the levee owner and that transferring this responsibil-
ity to the federal government is inappropriate. Participation in federal programs of repair, insurance, and disaster 
relief must be contingent on levee owner compliance with these elements.
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A state-administered national levee safety program is needed to protect the federal interest in public health, safety, 
and fiscal responsibility, as well as to protect public safety and costs related to all levees not in the federal system. 
Such a program must be fully integrated with state and local programs of flood risk management, especially 
floodplain management and dam safety, and should use a state delegation model similar to that used to imple-
ment the Clean Water Act, rather than function as an independent program like the existing National Dam Safety 
Program. State capability in this area is critical and can be developed most effectively through federal legislation 
that provides incentives and disincentives for states to accept delegation for the development and implementation 
of effective state levee safety programs.

FEMA should require that all communities with an NFIP-recognized levee have a multihazard mitigation plan 
that considers how other hazards affect the safety of their levee (e.g., earthquake, subsidence, river sedimenta-
tion, erosion, etc.) and appropriate emergency action plans (EAPs) with action steps to account for any of these 
factors that affect the safety of the levee. FEMA should require that this plan be updated at least every five years, 
including accounting for any changes in flood flows caused by increased watershed development. The potential 
for catastrophic consequences of levee failure or overtopping should be included in levee planning, design, regula-
tions, and insurance considerations.

The area that would be inundated when a levee fails or is overtopped, or when internal drainage systems are over-
whelmed or incapacitated should be mapped as a residual risk flood hazard area and depicted on Flood Insurance 
Rate Maps.

Emergency action plans (EAPs) that address flood warning and evacuation should be required for all residual risk 
areas behind levees in order to protect lives and minimize property damage. These plans, and the periodic exercise 
of them, should be a requirement of any federal or state program that recognizes the levee as providing protection.

The purchase of flood insurance and implementation of appropriate development standards should be mandatory 
for all property protected by levees, to reflect the potential for the catastrophic consequences of levee failure.

Communication of the residual risk behind levees on a regular basis should be an explicit component of all aspects 
of proposed and current levee activities. It should include notification to all property owners of the risk (e.g., a 
notice in an annual water bill or tax bill) along with other measures such as posting signs in all land areas at risk 
behind the levees. All communication should state clearly that the area behind the levee is provided with some 
level of protection by levees, that the levees may fail or be overtopped, and that the area is a floodplain, with 
indications of the depth of flooding when the levee fails or is overtopped. Communication to the property owners 
should provide clear information on their role if an evacuation is ordered.

The liability of owners of structural flood control projects, such as levees and dams should be communicated to 
the owners of those structures on a periodic basis.

FEMA and the Corps of Engineers should evaluate and eliminate practices that cause increased flood damage 
or that lead to induced flooding (the transfer of flooding to other property that is primarily open space) unless 
property owners agree to a permanent flooding easement in return for this intrusion of flooding on their property.

The cumulative impacts of levees within a system or watershed should be evaluated before any levees are permit-
ted, so those impacts are considered and mitigated, including increasing the design height to account for increased 
flood levels.

Levee construction, repair, and reconstruction should account for the protection of existing natural functions to 
avoid adverse impacts to the natural system. In addition, during repair or reconstruction of the levee, these natural 
functions should be restored to the maximum extent that is practical to account for past adverse impacts. 
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A California Challenge—Flooding in the Central Valley (State of California DWR, 2007)

Provide the highest level of risk reduction feasible to existing urban areas where thousands of people are at unac-
ceptably high risk. The Panel believes that this level of protection should be equivalent to protection against the 
Standard Project Flood, which represents a flood that can be expected from the most severe combination of meteo-
rologic and hydrologic conditions that are considered reasonably characteristic of the region. Providing this level 
of protection does not, by itself, prevent the failure of the system or of individual levees; nor does it guarantee 
that the Standard Project Flood cannot be exceeded in rare circumstances. One hundred year protection is not an 
acceptable level of protection for urban areas.

Develop an implementation plan for providing this reasonably high level of protection for all urban areas. The 
needed level of flood protection should be phased in with at least a 200-year level of flood protection to be achieved 
by 2020, and Standard Project Flood protection by 2030. Priority should be given to urban areas in deep floodplains.

In less populated areas, provide for protection against less severe floods (e.g. less than 200-year protection) as 
economically and environmentally justified, and maintain that lower level of protection into the future.

Ensure that any flood protection provided is sustainable fiscally and physically over time.

Manage the floodplain by focusing new development outside of the floodplain or in low-risk locations within 
protected areas of the floodplain, supporting the use of undeveloped and unprotected land for agriculture and other 
low-intensity land uses.8 Floodplain management should be accompanied by requirements for local governments to 
adopt and enforce needed land-use controls, financial and technical support to enable them to do so, and appropri-
ate penalties if local governments fail to manage development to reduce flood risk. The state should continue to 
support the Federal Emergency Management Agency’s levee policy and assist them in accelerating completion and 
adoption of updated flood maps. This would ensure that any new development in areas behind inadequate levees 
takes place under the land-use provisions mandated by the National Flood Insurance Program, as a minimum.

Site, where feasible, new levees or major rehabilitation of levees at a distance from the river and from existing 
levees. This would provide a degree of redundancy in the system, increase the land available for habitat and flood 
storage, reduce operation and maintenance costs, and help to ensure the integrity of the structures. Levees built 
this decade will be in place for decades to come, and now is the time to begin building structures that will last. 
Where re-siting is not feasible, the existing flood system should be modified to mitigate the impacts of floods that 
exceed the design level of the system.

Mitigate potential financial losses to those behind levees and to those in the non-leveed 500-year floodplain shown 
on Federal Emergency Management Agency flood maps through institution of mandatory purchase of flood insur-
ance, or through inclusion of flood insurance in homeowners’ policies of those within these areas.

Share the liability for flood damages among state and local governments. This would ensure that any local gov-
ernments making land-use decisions that could increase potential flood damages share not only the benefits of 
that development, but also any liability incurred from potential flood consequences should those decisions prove 
to have been unwise.

Communicate to the public and each property owner in the floodplain the specific risks of occupying areas at risk 
of flooding, and provide steps property owners can take to reduce their exposure to flood damages.

Communicate to the public and each property owner in the floodplain the specific risks of occupying areas at risk 
of flooding, and provide steps property owners can take to reduce their exposure to flood damages.

Supplement the structural protection provided with floodproofing, elevation of homes and businesses, land-use 
regulations, and other non-structural approaches to reduce the residual risk that will continue to exist. Support 
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this with emergency response systems including the development of post-disaster sheltering and redevelopment 
plans and the exercising of floodplain evacuation plans on a regular basis. Dealing with flooding in the Central 
Valley will require a close examination of existing governmental institutions and how they work together. The 
lessons learned from the New Orleans disaster point out the disconnects that develop when too many agencies 
are involved in the decision-making process and no one agency has overall direction. Large flood events exploit 
those disconnects. California must address this difficult issue, especially in terms of the large number of overlap-
ping roles, responsibilities and accountabilities of reclamation districts, and state and local governments. Without 
reforming the institutions that manage flood protection, large investments in infrastructure are likely to be wasted.

Hurricane Protection System Peer Review (Battelle, 2007)

USACE should seek Administration support for and Congressional approval to:

•	 Develop a single authorization for the HPS similar to that provided for the Mississippi River and Tributaries 
(MR&T) project.

•	 Authorize flexibility for reprogramming.
•	 Ensure multi-year or timely appropriations; recognize the consequences of delays.
•	 Provide expedited review of issues.
•	 Ensure close cooperation with local governments and understanding of the problems associated with lack 

of cooperation

Nonstructural elements should become an equal partner in completion of the HPS. USACE should receive increased 
funding to carry out programs of nonstructural technical assistance for communities and proactively provide tech-
nical assistance to FEMA and local authorities with respect to elevating structures, floodproofing, planning for 
interior drainage, and other flood management considerations. This is especially the case for interior polderization 
of protected areas which could reduce the spatial extent of flood risk.

TFH should work closely with local officials on full implementation of effective floodplain management and 
enforce that provision of Section 402 of the Water Resources Development Act (WRDA) of 1986 requiring develop-
ment of local floodplain management plans. There is a clear opportunity for USACE to provide needed technical 
assistance, so that rebuilding occurs in a manner that minimizes the potential for future flood dam-age to public 
buildings and infrastructure and private homes and businesses.

USACE should provide maps of residual risk for early distribution to residents and officials. Risk communication 
maps should be accompanied with information on personal mitigation measures to include flood avoidance, finan-
cial protection, and life-safety concerns. USACE must ensure that residents and officials understand the residual 
risk and the level of protection that is actually being provided.

Given the experience and the strategies the Japanese and Dutch use for protection, TFH should consider establish-
ment of a centralized planning and inspection capability for O&M. Fragmented planning efforts provide significant 
opportunities for system disconnects and potential failures.

USACE should include high-tech monitoring systems for key elements of the completed HPS. Technology now 
makes it possible to remotely sense levees, floodwalls and other protective system problems as they occur. Some 
systems are currently under consideration by TFH.

Given the tight schedule for completion of the 100-year system, TFH should not divert human and physical 
resources from the principal task of finishing the HPS to the 100-year level to provide interim improvements. 
Since the HPS will not be at a 100-year level until the 2011 hurricane season at the earliest, some have expressed 
concern over the need for interim protection in components of IHNC and West Bank areas. While these concerns 
are important, completion of the system should have priority.
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USACE should seek an accelerated decision on MRGO to allow early movement forward on dealing with hur-
ricane protection in the area of the MRGO-GIWW and improving protection to the IHNC. Such a decision will 
save time, eliminate the need to plan against alternatives, and speed completion of the HPS.

TFH, in current construction activities, should take into account the potential footprints of subsequent construction 
under LaCPR so as to minimize repeat disruptions, multiple right-of-way acquisition, etc. Major long-term cost sav-
ings can be generated and significant public push back can be avoided by dealing with real estate issues only once.

Observations:

Provision of risk reduction (protection) against the 100-year annual chance (100-year) event is not sufficient to 
prevent possible loss of life and social disruption in a major urban area. For example, there is a 26% chance of 
the occurrence of such an event with the life of a 30-year mortgage. Urban areas need a higher level of protec-
tion. Providing 100-year protection may make it difficult to subsequently provide this higher level of protection.

It is not clear that there is agreement that the HPS being built reflects the understanding of all stakeholders and 
Congress as to what level of protection is supposed to be provided. TFH indicated that its first priority was to pro-
vide 100-year certified levees for all areas rather than 100-year or ‘as originally authorized,’ whichever is higher. 
This is a sound decision, but USACE should take action to obtain written agreement from stakeholders and the 
Congress that the 100-year first path it is following is in fact the path expected.

Many USACE technical manuals are badly out of date. Manuals being used in levee design are Dutch, because 
appropriate USACE manuals did not exist or had not been revised in many years. USACE O&M programs must 
include adequate funding to support continuous maintenance and upgrade of the documents and the necessary 
research and development (R&D) that maintains currency. 

The New Orleans Hurricane Protection: What Went Wrong and Why (ASCE, 2007)

Keep safety at the forefront of public priorities by having all responsible agencies re-evaluate their policies 
and practices to ensure that protection of public safety, health, and welfare is the top priority for infrequent but 
potentially devastating impacts from hurricanes and flooding. Also, encourage Congress to establish and fund a 
mechanism for a nationwide levee safety program, similar to that which is in place for dams.

Quantify and periodically update the assessment of risk. This approach should be extended to all areas in the 
United States that are vulnerable to major losses from hurricanes and flooding.

Determine the level of acceptable risk in the community through quality interactive public risk communication 
programs in New Orleans and other areas threatened by hurricanes and flooding. Once determined, manage the 
risks accordingly.

Correct the system’s deficiencies by establishing mechanisms to incorporate changing information, making the 
levees survivable if overtopped, strengthening the I-walls and levees, and upgrading the pumping stations.

Assign to a single entity or individual (a licensed engineer) the responsibility of managing critical hurricane and 
flood protection systems such as the one in New Orleans.

Implement more effective mechanisms for coordination and cooperation. (For example, those responsible for 
maintenance of the system must collaborate with system designers and must upgrade their inspection, repair, and 
operations processes to ensure that the system is hurricane- and flood-ready.

Upgrade engineering design procedures and practice to place greater emphasis on safety.
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Engage independent experts in high-level reviews of all critical life safety structures, including hurricane and 
flood-protection systems

Hurricane Protection Decision Chronology – 2008 (USACE, 2008)

Reflections on Project Decision-Making: 

1.	 Concerns about project cost growth, constrained federal and local budgets, delays in project completion, 
and the possible need for reauthorization if major changes were proposed, help to explain District decisions to 
construct the project according to original designs and datum benchmarks.

2.	 There was no Corps organizational process that required and provided funding for a continuing assessment 
of project performance capability during the postauthorization implementation period.

3.	 There is no evidence in the project record indicating that project engineers believed that the decisions made 
would threaten engineering reliability.

4.	 The only recurring organizational provision for systematically reporting the expected performance capabil-
ity of the project was the annual Budget Justification Sheet.

Reflections on the Future: 

1.	 The importance of sharing knowledge
2.	 Need for flexibility and adaptation in planning, design, and implementation 

National Committee on Levee Safety (NCLS, 2009)

Establish a National Levee Safety Commission to provide national leadership and comprehensive and consistent 
approaches to levee safety including standards, research and development, technical materials and assistance, 
training, public involvement and education, facilitation of the alignment of federal programs and design, delega-
tion and oversight of a delegated program to states.

Expand and Maintain the National Levee Database to include a one-time US Army Corps of Engineers inventory 
and inspection of all non-federal levees. Baseline information will be included and maintained in an expanded 
National Levee Database (NLD) in order that critical safety issues, true costs of good levee stewardship, and 
the state of individual levees can inform priorities and provide data for needed risk-informed assessments and 
decision-making.

Adopt a Hazard Potential Classification System as a first step in identifying and prioritizing hazard in leveed areas. 
Due to a lack of data regarding probability of failure, initial classifications should be based solely on consequences 
in order to assist in setting priorities, criteria, and requirements as the NSLP is being established.

Develop and Adopt National Levee Safety Standards that will assist in ensuring that the best engineering practices 
are available and implemented throughout the nation at all levels of government.

Develop Tolerable Risk Guidelines in order to facilitate an understanding of the options to reduce identified risks, 
how uncertainty affects this understanding, and to better inform levee construction/enhancement decisions and 
weigh nonstructural alternatives to flood risk management in a risk-informed context. Change “Levee Certifica-
tion” to “Compliance Determination” to better articulate the intent that “certification” under the National Flood 
Insurance Program (NFIP) requirements does not constitute a safety guarantee or warranty. The purpose of this 
change is to more clearly communicate residual risks of living and working in leveed areas.

Change “Levee Certification” to “Compliance Determination” to better articulate the intent that “certification” 
under the National Flood Insurance Program (NFIP) requirements does not constitute a safety guarantee or war-
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ranty. The purpose of this change is to more clearly communicate residual risks of living and working in leveed 
areas.

Subject Levee Certifications (Compliance Determinations) under FEMA’s National Flood Insurance Program to 
Peer Review in order to increase confidence in technical determinations of compliance.

Swiftly Address Growing Concerns Regarding Liability for Damages Resulting from Levee Failures through 
exploration of a range of measures aimed at reducing the potential liability of engineering firms and/or government 
agencies that perform engineering services for levee systems (e.g. inspections, evaluations, design, construction 
administration, certification, or flood fighting). Congress should address this liability concern as a first priority 
in order to help ensure state and local interest in developing levee safety programs, and to prevent much needed 
levee repairs, rehabilitation and certification from coming to a halt.

Develop a Comprehensive National Public Involvement and Education/Awareness Campaign to Communicate Risk 
and Change Behavior in Leveed Areas as an essential element of levee safety by improving public understanding 
of the role of levees, associated risks, and individual responsibilities to empower people to make risk-informed 
choices.

Provide Comprehensive Technical Materials and Direct Technical Assistance crucial to the successful implementa-
tion of consistent national standards to states, local communities and owner/operators.

Develop a National Levee Safety Training Program including a combination of courses, materials, curricula, 
conferences, and direct assistance resulting in an increase in the level of expertise and knowledge in all aspects of 
levee safety. This would include the development of curricula and certification requirements for a Certified Levee 
Professional program.

Develop and Implement Measures to More Closely Harmonize Levee Safety Activities with Environmental Protec-
tion Requirements to ensure that critical levee operations and maintenance is not delayed and that, where possible 
without compromising human safety, environmentally-friendly practices and techniques are developed and used.

Conduct a Research and Development Program that will continually advance state-of-the-art technologies and 
practices for levee safety and conduct critical operations and maintenance activities in as cost-effective and 
environmentally-friendly manner as possible.

Design and Delegate Program Responsibilities to States to assist states and local governments develop effective 
levee safety programs focused on continual and periodic inspections, emergency evacuation, mitigation, public 
involvement and risk communication/awareness, etc.

Establish a Levee Safety Grant Program to assist states and local communities develop and maintain the institu-
tional capacity, necessary expertise, and program framework to quickly initiate and maintain levee safety program 
activities and requirements.

Establish the National Levee Rehabilitation, Improvement, and Flood Mitigation Fund to aid in the rehabilitation, 
improvement or removal of aging or deficient national levee infrastructure. Investment (cost-shared) is recom-
mended to be applied to the combination of activities, both structural and non-structural, that combined, would 
maximize overall risk reduction and initially be focused in areas with the greatest risk to human safety.

Explore Potential Incentives and Disincentives for good levee behavior through alignment of existing federal 
programs.
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Mandate Purchase of Risk-Based Flood Insurance in Leveed Areas to reduce financial flood damages and increase 
understanding of communities and individuals that levees do not eliminate risk from flooding.

Augment FEMA’s Mapping Program to improve risk identification and communication in leveed areas and con-
solidate critical information about flood risk.

Align FEMA’s Community Rating System (CRS) to Reward Development of State Levee Safety Programs by 
providing further incentives to communities to exceed minimum program requirements and benefit from lower 
risk-based flood insurance rates to individuals who live in leveed areas.

The New Orleans Hurricane Protection System: Assessing Pre-Katrina 
Vulnerability and Improving Mitigation and Preparedness (NRC, 2009)

Hydrologic Realities and the Limits of Protective Structures:
·	 �There are many inherent hydrologic vulnerabilities of living in the greater New Orleans metropolitan 

region, especially in areas below sea level. Post-Katrina repairs and strengthening have reduced some of 
these vulnerabilities. Nevertheless, because of the possibility of levee/floodwall overtopping—or more 
importantly, levee/floodwall failure—the risks of inundation and flooding never can be fully eliminated 
by protective structures no matter how large or sturdy those structures may be.

Future Footprint of the Hurricane Protection System:
·	 �The pre-Katrina footprint of the New Orleans HPS consisted of roughly 350 miles of protective structures 

including levees, I-walls, and T-walls. There was undue optimism about the ability of this extensive network 
of protective structures to provide reliable flood protection. Future construction of protective structures for 
the region should proceed with this point firmly in mind and in the context of a more comprehensive and 
resilient hurricane protection plan.

Nonstructural Aspects and Options:
·	 �Comprehensive flood planning and risk management for the New Orleans metro region will be based on a 

combination of structural and nonstructural measures, the latter including relocation options, floodproofing 
and elevation of structures, and evacuation studies and plans. Better risk communication also must be part 
of more effective mitigation and an improved state of preparedness. Structural measures such as levees 
and floodwalls should not be viewed as substitutes or replacements for nonstructural measures, but rather 
as complementary parts to a multi-tiered hurricane protection solution. 

·	 �Relocation: the planning and design for upgrading the current hurricane protection system should discour-
age settlement in areas that are most vulnerable to flooding due to hurricane storm surge. The voluntary 
relocation of people and neighborhoods out of particularly vulnerable areas—with adequate resources 
designed to improve their safety in less vulnerable areas—should be considered as a viable public policy 
option. 

Floodproofing Measures:
·	 �When voluntary relocations are not viable, floodproofing measures will be an essential complement to 

protective structures—such as levees and floodwalls—in improving public safety in the New Orleans region 
from hurricanes and induced storm surge. This committee especially endorses the practice of elevating the 
first floor of buildings to at least the 100-year flood level, and preferably to a more conservative elevation. 
The more conservative elevation reflects a subsequent finding in this report regarding the inadequacy of 
the 100-year flood as a flood protection standard for a large urban center such as New Orleans.

·	 �Critical public and private infrastructure—electric power, water, gas, telecommunications, and flood water 

http://www.nap.edu/18309


Levees and the National Flood Insurance Program: Improving Policies and Practices

Copyright National Academy of Sciences. All rights reserved.

192	 LEVEES AND THE NATIONAL FLOOD INSURANCE PROGRAM

collection and pumping facilities—should be strengthened through reliable construction, and ensuring reli-
able interdependencies among critical infrastructure systems.

Evacuation:
·	 �The disaster response plan for New Orleans, although extensive and instrumental in successfully evacuating 

a very large portion of the New Orleans metropolitan area population, was inadequate for the Katrina event. 
Thus, there is a need for more extensive and systematic evacuation studies, plans, and communication of 
evacuation plans. A comprehensive evacuation program should include not only well designed and tested 
evacuation plans, protocols, and criteria for evacuation warnings, but also alternatives such as improved 
local and regional shelters that could make evacuations less imposing. It also should consider longer-term 
strategies that can enhance the efficiency of evacuations, such as locating facilities for the ill and elderly 
away from more vulnerable areas that may be subject to frequent evacuations.

Risk Communication:
·	 �Before Katrina, there was a limited understanding and appreciation of the residual risks of living behind 

levees. Improvements in future hurricane preparedness and response will depend partly upon improved 
public understanding of these risks. In order to enhance the communication and appreciation of these risks, 
it will be important to extend the efforts of the IPET and to refine, simplify, and communicate consistently 
the risks of hurricanes and storm surge to the region’s residents, including how those risks vary across the 
region. Effective communication of the risk-based findings from the entire IPET report will be enhanced by 
creating a professional summary and compilation of the entire IPET draft report with layman’s terminology 
(see earlier recommendation in this report).

The 100-Year Level of Flood Protection:
·	 �The 100-year level of flood protection is a crucial flood insurance standard. It has been applied widely 

across the nation and it is being used in some circumstances in reconstruction and planning activities in 
the New Orleans region. For areas in which catastrophic levee failure is not a major public safety concern, 
and where large floods would not imperil evacuation routes, the 100-year standard may be appropriate. 
For heavily-populated urban areas, where the failure of protective structures would be catastrophic—such 
as New Orleans—this standard is inadequate.

Independent Review for Engineering and Design:
·	 �It is important to enlist periodic external review in the design, construction and maintenance of large, com-

plex civil engineering projects such as the New Orleans hurricane protection system. A “second opinion” 
allows an opportunity to ensure that calculations are reliable, methods employed are credible and appro-
priate, designs are adequate and safe, potential blind spots are minimized, and so on. An outside external 
review group also may be able to state politically sensitive findings or facts that a government agency may 
be reluctant to. Such a review team should be adequately independent of the authority that identified.

Periodic Assessments and Updates of Concepts, Methods, and Data:
·	 �Changing environmental conditions can affect the performance and operation of large hurricane and flood 

protection projects. Advances in scientific and engineering theories and methods may render assumptions 
on which these projects were based partly or fully obsolete. Because of these changes and the important 
implications they may have for expected performance of protective structures, a process should be imple-
mented to ensure periodic review of underlying environmental, scientific, and engineering factors that 
affect New Orleans hurricane protection system performance. The process for incorporating new scientific 
information into large flood protection projects, like the New Orleans hurricane protection system, can be 
affected by congressional reauthorization requirements. Changes or clarifications to congressional policies 
and reauthorizations as they relate to large construction projects may be necessary to effectively implement 
findings of periodic scientific reviews.
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The Future of Hurricane Risk Analysis for New Orleans and the Gulf Coast Region:
·	 �The IPET has conducted a landmark assessment of the New Orleans HPS that could serve as a platform for 

future and ongoing assessments of vulnerability, levels of protection, subsidence rates, geological studies, 
risk assessments, and so on. As the IPET investigations come to an end, many of the external experts that 
participated in the studies will return to their respective careers outside the Corps of Engineers. Much of the 
IPET “institutional memory” therefore may not be infused into Corps of Engineers New Orleans District 
office, the State of Louisiana, or the City of New Orleans. It is essential that these analyses be extended 
and subsequently built upon by the Corps of Engineers and others, including the FEMA, NOAA, the State 
of Louisiana, New Orleans regional municipalities, and the region’s universities, engineers, and scientists. 
To facilitate future work that builds on the IPET studies, a publicly accessible archive of all data, models, 
model results, and model products from the IPET project should be created.
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Guidelines for Identifying Provisionally Accredited Levees (PALs) 
 
Introduction 
 
The Federal Emergency Management Agency (FEMA) issued Procedure Memorandum 
No. 34 (PM 34) on August 22, 2005, to provide interim guidance for processing 
studies/mapping projects for communities with levees and to define the roles of all 
FEMA contractors and mapping partners in meeting the regulatory requirements of the 
National Flood Insurance Program (NFIP) as cited at Title 44, Chapter 1, Section 65.10, 
of the Code of Federal Regulations, Section 65.10 (44 CFR Section 65.10).  PM 34 
reiterates that the community or other parties seeking recognition of a levee or levee 
system are responsible for providing information to demonstrate that the levee provides 
protection from the base (1-percent-annual-chance) flood.  Therefore, when a 
study/mapping project is initiated under the Flood Map Modernization (Map Mod) 
program, FEMA will request that the community, levee owner, and/or local project 
sponsor to provide the data described in 44 CFR Section 65.10. 
 
The requirement for complying with 44 CFR Section 65.10 is the responsibility of the 
community, levee owner, and/or local project sponsor, and they often find it difficult to 
provide the full documentation promptly.  The lack of readily available data to comply 
with 44 CFR Section 65.10 has, in some cases, caused studies/ mapping projects to be 
delayed or placed on hold until the required information can be compiled and provided to 
FEMA.   
 
Providing communities with up-to-date, accurate, and reliable flood hazard information 
on Digital Flood Insurance Rate Maps (DFIRMs) is one of the primary goals of Map 
Mod.  Because levees are shown on the currently effective Flood Insurance Rate Maps 
(FIRMs) for over one-quarter of the counties being mapped under Map Mod, the issue of 
whether the levee provides 1-percent-annual-chance flood protection must be addressed.  
While 44 CFR Section 65.10 documentation is being compiled, the existing FIRMs 
remain in effect, showing the area behind the levee as protected from the 
1-percent-annual-chance flood and potentially delaying the release of more up-to-date 
information for other parts of the community.  As a result, communities would potentially 
be using outdated flood hazard information to regulate floodplain development.  In 
addition, because the existing FIRMs are in effect, there may be no requirements for the 
purchase of flood insurance in areas that actually are floodprone.   
 
This guidelines document outlines five scenarios that will allow the mapping for selected 
studies/mapping projects for communities with levees to move forward before the full 
documentation required in 44 CFR Section 65.10 is available.  With this process, the 
FEMA Regional Offices, FEMA contractors, and mapping partners can issue preliminary 
and effective DFIRMs while providing the communities and levee owners a specified 
timeframe for the submittal of the documentation necessary to show compliance with 44 
CFR Section 65.10.  In addition, for specific situations, the Regional Offices, contractors, 
and mapping partners can move forward with the study/mapping project until the point 
where the Letters of Final Determination would be issued, while communities and/or 
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levee owners are given a specified timeframe to address maintenance deficiencies 
identified by the U.S. Army Corps of Engineers (USACE).    
 
The USACE has initiated a national levee inventory and assessment program to identify 
the condition, location, level of protection, and maintenance activities for all levees 
within its jurisdiction.  This inventory will assist in the assessment of the risk to public 
safety associated with levees and levee systems across the Nation.  The USACE and 
FEMA are working together throughout the inventory and assessment phase to coordinate 
this effort with Map Mod activities.  The inventory data collected to date will be used by 
FEMA and the USACE to categorize levees for which the full documentation required by 
44 CFR Section 65.10 is NOT readily available into the five scenarios described below.   

Definitions

A levee is defined as a manmade structure, usually an earthen embankment, designed and 
constructed in accordance with sound engineering practices to contain, control, or divert 
the flow of water so as to provide protection from temporary flooding.  The term does not 
include structures that are otherwise defined as dams in the Federal Guidelines for Dam 
Safety. 
 
For the purpose of this guidelines document, levees are identified as being USACE or 
non-USACE levees.  Levees within the USACE program include: 
 

• Levees built by the USACE that were authorized for construction by the U.S. 
Congress or by USACE continuing authorities (e.g., Section 205); 

• Levee projects constructed by non-Federal interests or other (non-USACE) 
Federal agencies and incorporated into the USACE Federal system by specific 
congressional action; 

• Federal projects that are either operated and maintained by the USACE or turned 
over to a local sponsor for operation and maintenance; and 

• Non-Federal projects within the Rehabilitation and Inspection Program (RIP), 
Public Law 84-99.   

 
Non-USACE levees are defined to include:  
 

• Levees not authorized by the U.S. Congress or other Federal agency authority; 
• Levees built by other Federal agencies and not incorporated into the USACE 

Federal system; 
• Locally built and maintained levees built by a local community; and 
• Privately built by a nonpublic organization or individuals and maintained by a 

local community.   
 
A “levee owner” can be a Federal or State agency, a water management or flood control 
district, a local community, a levee district, a nonpublic organization, or an individual.  
The “party responsible for operating and maintaining the levee” must be a Federal or 
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State agency, an agency created by Federal or State law, or an agency of a community 
participating in the NFIP. 
 
This document summarizes an approach for identifying a Provisionally Accredited Levee 
(PAL) and for provisionally mapping the area behind (landward of) such a levee as Zone 
X (shaded), pending FEMA’s receipt of all data and documentation required to show 
compliance with 44 CFR Section 65.10.  FEMA established this approach to allow the 
mapping process to move forward when levees meet the criteria for an applicable 
scenario identified below, and to give communities and levee owners a specified 
timeframe to submit all the documentation necessary to show compliance with 44 CFR 
Section 65.10.  The PAL requirements are provided below. 
 
 
Scenario A – Levees not in the USACE program that are shown as providing base 

flood protection 
 
Communication with levee owner and/or community: 
 
The FEMA Regional Office will send a letter (template letter for Scenario A) to the 
appropriate levee owner or community to identify the levees for which 44 CFR Section 
65.10 documentation is needed and will provide a copy of this letter to the appropriate 
USACE district office.  The FEMA letter will describe the PAL option and an 
opportunity for a one-time-only, 1-year “maintenance deficiency correction period” 
associated with maintenance-deficient levees.  This letter will also request that the 
community/levee owner submit, within 90 days, one of the following:  
 

• A signed agreement stating that, to the best of the community’s/levee owner’s 
knowledge, the levee in question meets 44 CFR Section 65.10 requirements and 
all requirements for a PAL application package.  See criteria for PAL Scenario A1 
below. 

• A signed letter stating that the community/levee owner has been notified of the 
one-time-only, 1-year “maintenance deficiency correction period” and agrees to 
proceed according to the associated process and requirements.  See criteria for 
PAL Scenario A2 below.  This one-time-only “maintenance deficiency correction 
period” will expire 1 year from the 91st day following the date of the initial 
notification letter.  For the purposes this document, this signed letter will be 
identified as the “maintenance deficiency letter.”   

 
Procedures for processing PAL Scenario A1 and A2 levees are described in detail below.  
To help FEMA contractors and mapping partners properly assess how to handle levee 
mapping issues, a flowchart has been generated that depicts the possible steps for 
Scenario A levees.  This flowchart is presented as Figure 2 at the end of this guidelines 
document. 
 
Scenario A1:  Once the FEMA Regional Office sends the initial notification letter for 
Scenario A, the community/levee owner will have 90 days to return either the PAL 
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application package or the maintenance deficiency letter.  If the community/levee owner 
believes that the levee meets 44 CFR Section 65.10 requirements at that time, then they 
may qualify for Scenario A1.   
 
If the full documentation required to show compliance with 44 CFR Section 65.10 are 
readily available when the initial notification letter is sent, FEMA will request that the 
community/levee owner provide these documents within 30 days.  If additional time is 
required to gather the proper documentation, the community/levee owner will choose to 
submit the PAL application package.  For any community/levee owner that chooses the 
PAL option, the requirements for 44 CFR Section 65.10 must be submitted within 24 
months of the 91st day following the date of the initial notification letter.  Certification by 
a Registered Professional Engineer must accompany the submitted 44 CFR Section 65.10 
data in compliance with Paragraph 65.10(e).  In addition, the community/levee owner 
must submit a progress report to FEMA after 12 months to document progress toward 
obtaining 44 CFR Section 65.10 data and documentation. 
 
Several conditions exist that may require FEMA to take immediate action to rescind the 
PAL designation and revise the DFIRM for the area landward of the levee.  If any of the 
following conditions apply, FEMA will direct the contractor or mapping partner to remap 
the area landward of the levee as Zone AE or Zone A, depending on the type of study 
performed for the area: 
 

• Neither the signed PAL agreement nor a request for a maintenance deficiency 
correction period is returned to FEMA before the 91st day following the date of 
the notification letter;  

• The full documentation required for compliance with 44 CFR Section 65.10 is not 
provided within 24 months of the 91st day following the date of the initial 
notification letter; or 

• The 12-month progress report is not provided to FEMA, and the FEMA Regional 
Office believes the PAL agreement should be rescinded. 

 
When the FEMA Regional Office sends the initial notification letter, the following 
attachments must be included: 
 

• A description of the requirements to meet 44 CFR Section 65.10, entitled 
“Mapping of Areas Protected by Levee Systems”; and 

• An agreement to accept the PAL option (agreement for Scenario A1), for the 
community/levee owner to sign and return to FEMA before the 91st day following 
the date of the initial notification letter. 

 
The PAL application package requirements for Scenario A1, to be submitted by levee 
owner or community, are: 
 

• An agreement signed by the community/levee owner stating that the PAL 
designation is warranted because the levee now meets the requirements of 44 CFR 
Section 65.10; 
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• A copy of the adopted operation and maintenance plan for the levee; and 
• Records of levee maintenance and operation, as well as tests of the mechanized 

interior drainage systems, if applicable.     

Scenario A2:  Once the FEMA Regional Office sends the initial notification letter for 
Scenario A, the community and/or levee owner will be given 90 days to return either the 
PAL application package or the maintenance deficiency letter.  If the community/levee 
owner believes that the levee meets 44 CFR Section 65.10 requirements with the 
exception of maintenance deficiencies, then they may qualify for Scenario A2.   
 
Once the community/levee owner determines that maintenance deficiencies exist, the 
community/levee owner will have 90 days from the date of the initial notification letter to 
submit a signed letter requesting the maintenance deficiency correction period.  At a 
minimum, this letter must clearly state: 
 

• The only grounds for the levee in question not currently meeting the 44 CFR 
Section 65.10 requirements or PAL requirements are maintenance issues; and 

• Within the 1-year “maintenance deficiency correction period,” the  
community/ levee owner can remedy the maintenance deficiencies and submit one 
of the following: 
◦ All documentation necessary to comply with the requirements listed in  

44 CFR Section 65.10; or 
◦ A request for a PAL designation and the entire PAL application package (PAL 

application requirements listed below). 
 

If the community/levee owner submits a response before the 91st day following the date 
of the initial notification letter, the FEMA Regional Office will notify the community/ 
levee owner that the current study/mapping project will move forward and that the area 
landward of the levee will be remapped and shown as Zone AE or Zone A, depending on 
the type of study performed for the area.  The notification will state that the Letter of 
Final Determination (LFD) and effective DFIRM will be delayed until the 1-year 
correction period has elapsed.  For FEMA to remove the Special Flood Hazard Area 
(SFHA) designation landward of the levee, the community and/or levee owner must 
submit the following within the 1-year correction period: 
 

• All the requirements listed in 44 CFR Section 65.10; or 
• A request for a PAL designation and the entire PAL application package (PAL 

application package requirements listed below). 
 
If all the data and documents required to comply with 44 CFR Section 65.10 are 
submitted before the 1-year correction period has elapsed, FEMA will issue the LFD and 
show the levee on the effective DFIRM as accredited.  However, if a request for a PAL 
designation and a PAL application package are submitted and approved before the 1-year 
correction period has elapsed, then FEMA will issue the LFD and show the levee on the 
effective DFIRM as provisionally accredited.  In addition, for the PAL option, the 
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community/levee owner must provide a progress report to the FEMA Regional Office 
after 12 months to document progress toward obtaining 44 CFR Section 65.10 data 
If any of the following alternatives occur, FEMA will issue the LFD and an effective 
DFIRM that shows the areas landward of the levee will be remapped and shown as Zone 
AE or Zone A, depending on the type of study performed for the area:  
 

• The community/levee owner does not submit a signed response letter before the 
91st day following the date of the initial notification letter. 

• The community/levee owner is granted the 1-year correction period, but does not 
submit the required data within the 1-year correction period. 

• The submitted deficiency correction data are determined to be inadequate. 
• A request for a PAL designation and the entire PAL application package is not 

submitted and approved before the 1-year correction period has elapsed. 
• The 12-month PAL progress report is not provided to FEMA, and the FEMA 

Regional Office believes the PAL designation should be rescinded. 
• The full documentation necessary to comply with 44 CFR Section 65.10 is not 

provided within 24 months of the final day of the correction period. 
• The data and documentation submitted to meet the requirements of 44 CFR 

Section 65.10 or the PAL application is determined to be inadequate.  
 
When the FEMA Regional Office sends the initial notification letter, the following 
attachments must be included: 
 

• A description of the requirements to meet 44 CFR Section 65.10, entitled 
“Mapping of Areas Protected by Levee Systems;” and 

• An agreement to accept the PAL option (agreement for Scenario A2), for the 
community/levee owner to sign and return to FEMA.  

 
In response to the initial notification letter, the community/levee owner is to submit the 
following to FEMA to meet the PAL application package requirements for Scenario A2: 
 

• An agreement signed by the community/levee owner stating that the PAL 
designation is warranted because the levee now meets the requirements of 44 CFR 
Section 65.10; 

• A copy of the adopted operation and maintenance plan for the levee; and 
• Records of levee maintenance and operation, as well as tests of the mechanized 

interior drainage systems, if applicable.  
 

Scenario B – Levees in the USACE program that are eligible for PAL 

Levees in the USACE program that meet the following criteria are eligible for the PAL 
designation. 
 
Criteria to meet Scenario B: 
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• The effective FIRM shows the levee as providing protection from the base flood; 
• No available information indicates the levee does not provide base flood 

protection; and 
• The project inspection rating is within an acceptable range (as defined by the 

USACE). 
 
Communication with levee owner, community, and/or local project sponsor: 
 
The FEMA Regional Office will send a letter (template letter for Scenario B) to the 
appropriate community/levee owner/local project sponsor identifying the levees that meet 
the above criteria and qualify for the PAL option.  This letter will describe the PAL 
option and request that the community/levee owner/local project sponsor sign an 
agreement stating that, to the best of their knowledge, the levees in question meet 44 CFR 
Section 65.10 requirements.   
 
If full documentation to comply with the requirements of 44 CFR Section 65.10 is readily 
available when the initial notification letter is sent, the FEMA Regional Office will 
request that the community/levee owner/local project sponsor provide these documents 
within 30 days.  If the community/levee owner/local project sponsor requires time to 
gather the proper documentation, they will choose to submit the PAL application 
package.  For any community/levee owner/local project sponsor that chooses the PAL, 
the documentation required to comply with 44 CFR Section 65.10 requirements must be 
submitted within 24 months of the 91st day following the date of the initial notification 
letter.  Certification by a Registered Professional Engineer must accompany the 
submitted 44 CFR Section 65.10 data in compliance with Paragraph 65.10(e).  As an 
alternative, USACE may also certify that the levee has been adequately designed and 
constructed to provide protection against the base flood.  In addition, the 
community/levee owner/local project sponsor must submit a progress report to FEMA 
after 12 months to document progress toward obtaining data and documentation to 
comply with 44 CFR Section 65.10 
 
Several conditions could occur that may result in the PAL designation being rescinded 
and FEMA taking immediate action to revise the DFIRM in the area landward of the 
levee.  If any of the following conditions apply, FEMA will remap the area landward of 
the levee will be remapped and shown as Zone AE or Zone A, depending on the type of 
study performed for the area: 
 

• The signed PAL agreement is not returned to FEMA within 90 days of the initial 
notification letter. 

• The full documentation for 44 CFR Section 65.10 is not provided within  
24 months of the final day of the 90-day agreement period. 

• The 12-month PAL progress report is not provided to FEMA, and the FEMA 
Regional Office believes rescission is necessary. 

• The data submitted to meet the requirements of 44 CFR Section 65.10 or the PAL 
application are determined to be inadequate.  
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When the FEMA Regional Office sends the initial notification letter, the following 
attachments must be included: 
 

• A description of the requirements to meet 44 CFR Section 65.10, entitled 
“Mapping of Areas Protected by Levee Systems”; and 

• An agreement to accept the PAL option (agreement for Scenario B), for the 
community/levee owner/local project sponsor to sign and send back to FEMA 
before the 91st day following the date of the initial notification letter  

 
In response to the initial notification letter, the community/levee owner/local project 
sponsor is to submit the following to FEMA to meet the PAL application package 
requirements for Scenario B: 
 

• An agreement signed by the community/levee owner/local project sponsor stating 
that the PAL designation is warranted because the levee now meets the 
requirements of 44 CFR Section 65.10; 

 
 
Scenario C – Levees in the USACE program with known deficiencies that are shown 

as providing base flood protection 
 
For levees in the USACE program that are shown on the effective FIRM as providing  
1-percent-annual-chance flood protection but have known deficiencies, the criteria below 
are to be followed.  Two scenarios are possible.  To help FEMA contractors and mapping 
partners properly assess how to handle levee mapping issues, a flowchart has been 
generated that depicts the possible steps for Scenario C levees.  This flowchart is 
presented as Figure 3 at the end of this guidelines document. 
 
Scenario C1: 
 
Criteria to meet Scenario C1: 

 
• The USACE has determined that the levee’s recent inspection ratings are listed as 

fair, poor, or unacceptable;  
• The USACE has determined that the project status in the RIP has been switched 

from active to inactive; and 
• The USACE has not provided a 1-year maintenance deficiency correction period 

for the levee. 
 
Communication with levee owner, community, and/or local project sponsor: 
 
The FEMA Regional Office will coordinate with the appropriate USACE District office 
regarding levee projects in the USACE inventory that have received an inspection rating 
of fair, poor, or unacceptable and have been placed in inactive status in the USACE 
Rehabilitation and Inspection Program (RIP).  Once these projects have been identified, 
the USACE will send a notification letter to the community/levee owner/local project 
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sponsor to inform them that the levee status has been switched from active to inactive in 
the RIP and is no longer eligible for PL 84-99 rehabilitation assistance because of 
maintenance deficiencies.  These deficiencies will not allow the levee to meet the 
minimum requirements of the 44 CFR Section 65.10; thus, the levee does not provide 1-
percent-annual-chance flood protection.  The deficiencies will be identified in the 
USACE letter.  The USACE District office will provide a copy of this letter to the FEMA 
Regional Office.  These levee systems will not be eligible for the PAL option.    
 
The FEMA Regional Office then will send a letter (template letter for Scenario C) to the 
community/levee owner/local project sponsor stating that this is a follow-up to the 
notification they received from the USACE.  The FEMA letter will clearly state that the 
deficiencies in the levee have been determined in coordination with the USACE, and 
FEMA will remap the area landward of the levee to show it as Zone AE or Zone A,  
depending on the type of study performed for the area, if the levee does not provide  
1-percent-annual-chance  flood protection.  The USACE letter will be attached to the 
FEMA letter as background information. 

Scenario C2:   
 
Criteria to meet Scenario C2: 

 
• The levee has received an unacceptable, fair, or poor inspection rating; 
• The levee was in an active status in the USACE RIP prior to September 30, 2005 

(FY06); and 
• The USACE has offered a one-time-only, 1-year “maintenance deficiency 

correction period” to remedy the maintenance deficiencies of the levee. 
 
Communication with levee owner, community, and/or local project sponsor: 
 
Once these projects have been identified, the USACE will send a notification letter to the 
community/levee owner/local project sponsor to inform them of the levee’s specific 
maintenance deficiencies.  This letter will also inform the community/levee owner/local 
project sponsor that they are eligible for the one-time-only, 1-year “maintenance 
deficiency correction period,” which provides them 1 year to resolve any levee 
maintenance deficiencies.  The USACE District office will provide a copy of this letter to 
the FEMA Regional Office.   
 
The FEMA Regional Office then will send a letter (template letter for Scenario C2) to the 
community/levee owner/local project sponsor stating that this is a follow-up to the 
notification they received from the USACE.  The letter will explain the PAL option 
(Scenario C2) and that FEMA will move forward with the current study/mapping project
and will remap the area landward of the levee that will be inundated by the 1-percent-
annual-chance flood as Zone AE or Zone A, depending on the type of study performed 
for the area.  The letter also will state that even though FEMA is moving forward with the 
mapping, the LFD and effective DFIRM will be delayed until the 1-year correction 
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period has elapsed.  For FEMA to remove the SFHA designation landward of the levee, 
the following requirements must be met within the 1-year correction period: 
 

• Evidence has been provided to show that the maintenance deficiencies have been 
remedied.  This evidence will be provided to the FEMA Regional Office by the 
appropriate USACE District office.  

• All of the requirements listed in 44 CFR Section 65.10 have been addressed, or a 
request for a PAL designation and the entire PAL application package has been 
submitted. 

 
The FEMA Regional Office will coordinate with the appropriate USACE District 
regarding levee projects to evaluate and determine the adequacy of any data submitted 
within the 1-year period.  
 
If all the data and documentation required to comply with 44 CFR Section 65.10 are 
submitted before the 1-year correction period has elapsed, FEMA will issue the LFD and 
show the levee on the effective DFIRM as accredited.  Alternatively, if a request for a 
PAL designation and a PAL application package are submitted and approved before the 
1-year correction period has elapsed, then FEMA will issue the LFD and show the levee 
on the effective DFIRM as provisionally accredited.  In addition, to the community/levee 
owner/local project sponsor must submit a progress report to FEMA after 12 months to 
document progress toward obtaining documentation and data to comply with 44 CFR 
Section 65.10. 
   
If any of the following alternatives occur, FEMA will issue the LFD and an effective 
DFIRM that shows the areas landward of the levee will be remapped and shown as Zone 
AE or Zone A, depending on the type of study performed for the area:  
 

• The community/levee owner/local project sponsor is granted the 1-year correction 
period, but does not submit the required data within the 1-year correction period. 

• The submitted deficiency correction data is determined to be inadequate. 
• The 12-month PAL progress report is not provided to FEMA, and the FEMA 

Regional Office believes the PAL designation should be rescinded. 
• A request for a PAL designation and the entire PAL application package is not 

submitted and approved before the 1-year correction period has elapsed. 
• The full documentation necessary to comply with 44 CFR Section 65.10 is not 

provided within 24 months of the final day of the correction period. 
• The data submitted to meet the requirements of 44 CFR Section 65.10 or the PAL 

application is determined to be inadequate. 
 
When the FEMA Regional Office sends the initial notification letter, the following 
attachments must be included: 
 

• A description of the requirements to meet 44 CFR Section 65.10, entitled 
“Mapping of Areas Protected by Levee Systems;” and 

March 16, 2007 – Guidelines for Identifying Provisional Accredited Levees 
FEMA MT-RA-EM 

10

http://www.nap.edu/18309


Levees and the National Flood Insurance Program: Improving Policies and Practices

Copyright National Academy of Sciences. All rights reserved.

APPENDIX G	 213

• An agreement to accept the PAL option (agreement for Scenario C2), for the 
community/levee owner/local project sponsor to sign and return to FEMA.  

 
The PAL application package requirements for Scenario C2, to be submitted by levee 
owner, community, and/or local project sponsor, are: 
 

• An agreement signed by the community/levee owner/local project sponsor stating 
that the PAL designation is warranted because the levee now meets the 
requirements of 44 CFR Section 65.10; 

 
 
Scenario D – Levees in the USACE program that are shown as not providing base 

flood protection 
 
Communication with levee owner, community, and/or local project sponsor: 
 
For levees in the USACE program that are not currently shown as providing 1-percent-
annual flood protection, no letter will be sent.  In this case, there is no issue with how to 
map the area behind the levee, because it already has been determined that the levee does 
not provide 1-percent-annual flood protection or the levee has not gone through the 
certification process..  The DFIRM will continue to show the levee as not providing 1-
percent-annual flood protection unless it is determined that the levee actually does 
provide this level of protection. 
 
 
Scenario E – Levees in the USACE program that do not meet an adequate level of 

protection, as determined by the USACE in coordination with FEMA, 
but are shown as providing base flood protection 

 
For levees in the USACE program that are shown as providing base flood protection but 
do not meet an adequate level of protection as determined by the USACE in coordination 
with FEMA, the following criteria will be followed. 
 
Criteria to meet Scenario E: 
 

• The levee is shown as providing protection but does not provide an adequate level 
(1-percent-annual-chance or greater) of flood protection, as indicated by the 
USACE levee inventory data and validated through coordination between the 
USACE district office and the FEMA Regional Office; and 

• The levee inspection rating is NOT listed as fair, poor, or unacceptable, but the 
levee may have failed or experienced overtopping by a flood event less than the 1-
percent-annual-chance flood. 

 
The FEMA Regional Office will verify the engineering and mapping data used to 
produce the effective FIRM and determine whether it is the most up-to-date information, 
based on the best available data.  However, the FEMA Regional Office will also 
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determine if better data are available than the data used to produce the effective FIRM.  
The FEMA Regional Office will coordinate with the USACE district office to either 
verify the current flood data are the best available or provide the more recent and 
accurate data.  The USACE district office will use the best available data, as identified by 
the FEMA Regional Office, to determine whether the levee provides an adequate level of 
protection. 
 
Communication with levee owner, community, and/or local project sponsor: 
 
When the USACE district office in coordination with the FEMA Regional Office, 
determines that a levee in the USACE program does not provide an adequate level of 
protection, the community/levee owner/local project sponsor will be notified by letter 
(template letter for Scenario E) from the FEMA Regional Office that “in coordination 
with the USACE, it has been determined that your levee no longer provides protection 
from the base flood.”  The reasons the levee no longer provides 1-percent-annual-chance 
flood protection will be identified in this letter.  The community/levee owner/local 
project sponsor will be instructed to contact the FEMA Regional Office if they have any 
questions or if they can provide the documentation and data necessary to show 
compliance with 44 CFR Section 65.10.  If the community/levee owner/local project 
sponsor does not provide the required documentation and data, the area landward of the 
levee will be mapped as Zone AE or Zone A, depending on the type of study performed 
for the area. 
 
 
Mapping of the areas with and without the PAL designation 
 
Levees and levee systems that meet the 44 CFR Section 65.10 criteria will continue to be 
mapped as providing protection from the 1-percent-annual-chance flood, and the PAL 
designation is not applicable.  The area landward of the levee will be mapped as a Zone X 
(shaded) with the following note: 
 

WARNING!  This area is shown as being protected from the 1-percent-annual-chance 
flood hazard by levee, dike, or other structure.  Overtopping or failure of this structure is 
possible, which could result in destructive flood elevations and high-velocity floodwaters.  
There is a chance that large floods will occur that are greater than the level of protection 
provided by the levee.  Communities should issue evacuation plans and encourage 
property owners behind these structures to purchase flood insurance, even if the structure 
is currently shown as providing protection for the 1-percent-annual-chance flood.   

 
For levees and levee systems that are eligible for the PAL designation, the area landward 
of  levees can still be mapped as Zone X (shaded), with the following note applied at 
several locations in or near the zone:  
 

WARNING: Provisionally Accredited Levee.  For explanation, see the Notes to Users. 
The following accompanying note in the Notes to Users should only be applied to 
DFIRM panels that depict a levee or levee system with a PAL designation: 
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WARNING:  This levee, dike, or other structure has been provisionally accredited and 
mapped as providing protection from the 1-percent–annual-chance flood.  To maintain 
accreditation, the levee owner or community is required to submit documentation 
necessary to comply with 44 CFR Section 65.10 by (__________, ____).  Because of the 
risk of overtopping or failure of the structure, communities should take proper 
precautions to protect lives and minimize damages in these areas, such as issuing an 
evacuation plan and encouraging property owners to purchase flood insurance.  

 
The DFIRM in Figure 1 shows a levee on the east side of the river and Zone X (shaded) 
landward of the levee, with the warning note pointing to the levee.  If a Zone X (shaded) 
area is already depicted on the effective FIRM/DFIRM, then the revised levee note can 
be added to the existing Zone X (shaded) area, as shown in Figure 1.  If no 
Zone X (shaded) area exists on the effective FIRM/DFIRM, then the mapping partner 
should define the provisional Zone X (shaded) area using the best available data.  

Flood Insurance Study Report Requirements 

The Flood Insurance Study report should not be revised to identify those levees and levee 
systems that are eligible for the PAL designation.
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Figure 1.  Example of Zone X (Shaded) for the PAL Option 
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MEMORANDUM FOR: Mitigation Division Directors 
    Regions I - X 

      
FROM:   Doug Bellomo, Director 
    Risk Analysis Division 

SUBJECT:    Procedure Memorandum No. 53 
    Guidance for Notification and Mapping of Existing 
    Provisionally Accredited Levee Designations 

EFFECTIVE DATE: Effective April 24, 2009, for all current, expiring, and  
    Future Provisionally Accredited Levee Designations 

Background: To clarify the guidance for the evaluation and mapping of levee systems provided in 
Appendix H of Guidelines and Specifications for Flood Hazard Mapping Partners, the Department 
of Homeland Security’s (DHS), Federal Emergency Management Agency (FEMA), issued Procedure 
Memorandum No. 43 (PM 43) on September 25, 2006.  PM 43 introduced the concept of the 
Provisionally Accredited Levee (PAL) system designation and established a reasonable timeframe 
(24 months) for a community or levee system owner to supply data and documentation 
demonstrating that a levee system owner to supply data and documentation demonstrating that a 
levee system meets the requirements of the National Flood Insurance Program (NFIP) regulations 
cited in the Code of Federal Regulations (CFR) at Title 44, Chapter 1, Section 65.10 (44 CFR 
Section 65.10).  FEMA also implemented certain timeframes (12 months) where communities and/or 
levee system owners are to submit progress reports during the 24-month PAL data and 
documentation submittal period.  To address subsequent issues and provide further clarification of 
requirements, FEMA issued a revised version of PM 43 on March 16, 2007.  On May 12, 2008, 
FEMA issued PM 45 to provide updated guidance on the notes that will appear on DFIRM panels on 
which levee systems and levee-impacted areas are shown. 

Issue: As the 24-month deadline approaches for communities and/or levee system owners to submit 
44 CFR Section 65.10-compliant data and documentation for the PAL systems, FEMA  
recognized that a plan for mapping levee-impacted areas after the PAL period expiration date 

needed to be developed in association with a public outreach and awareness strategy for these areas.  
The plan needs to cover both accredited levee systems and de-accredited levee systems. In 
developing the plan, FEMA will continue to consider stakeholders’ concerns that communities and 
levee system owners are confronted with serious challenges in providing 44 CFR Section 65.10-
compliant data and documentation. 
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Action Taken:
Guidelines have been produced to address these needs.  The attached document, titled “Guidelines 
for Notification and Mapping of Expiring Provisionally Accredited Levee Designations,” 
summarizes planned activities related to the mapping of levee-impacted areas after the PAL period 
expires. 

The attached guidance document is to be implemented by all Regions, contractors, and mapping 
partners as PAL expiration dates are reached. 

Attachment:

“Guidelines for Notification and Mapping of Expiring Provisionally Accredited Levee Designations” 

cc:  See Distribution List 
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Distribution List (electronic distribution only): 

Office of the Acting Assistant Administrator for Mitigation 

Risk Analysis Division 

Risk Reduction Division 

Risk Insurance Division 

Regional Mitigation Division 

Legislative Affairs Division 

Office of Chief Counsel 

Mapping Partners 

Program Management Contractor 

National Service Provider 

Independent Verification and Validation Contractor 

Map Service Center Contractor 

Indefinite Delivery Indefinite Quantity Contractors 

Customer and Data Services Contractor  

Production and Technical Services Contractors 
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Guidelines for Notification and Mapping of Expiring 
Provisionally Accredited Levee Designations

Notification of Provisionally Accredited Levee (PAL) Period Expiration

In advance of PAL designations expiring, each FEMA Regional Office will remind the levee system 
owners, communities, and other stakeholders of the impending expiration date.  This notification will 
be accomplished by sending two letters during the 24-month expiration period to all appropriate 
parties.  The Regional Offices will send the first letter 90 days before the PAL period expiration date, 
and Regional Offices will send the second letter 30 days before the PAL period expiration date.  The 
attached letter templates are provided to support this Regional communication effort. 

The Regional Offices will address the letters to each levee system owner signatory of the PAL 
Agreement, and will send copies of the letters to the following (at a minimum): 

 Chief Executive Officers of all affected communities; 

 Floodplain Administrators of all affected communities; 

 State National Flood Insurance Program (NFIP) Coordinators; 

 State levee safety officials, where appropriate; 

 District offices of U.S. Senators and U.S. Representatives; and 

 U.S. Army Corps of Engineers (USACE) District offices, if the PAL system is in USACE 
program.  A USACE program levee system is defined in the Guidelines for Identifying 
Provisionally Accredited Levees (PALs), dated March 16, 2007. 

It is important that appropriate Congressional offices are aware of this communication effort in 
advance of the PAL period expiration date.  Therefore, in addition to sending copies of the letters, the 
Regional offices shall notify their Regional Legislative Affairs Division who may coordinate 
additional outreach efforts, as appropriate. 

The Regional Offices may utilize certified mail with return receipts or fax the letters to the levee 
system owners and affected communities, following up with a telephone call, to confirm receipt of 
the original or faxes letters.  FEMA Regions, or their assigned contractor will file return receipts, fax 
reports, or phone logs documenting the follow-up telephone calls in the case file for each affected 
community.  FEMA Regions, or their assigned contractor also will assure that the documents are 
included with other technical and administrative support data in the Technical Support Data 
Notebook for the mapping project that commences upon the expiration of the PAL period. 

Mapping Process for Expired PAL Designations

Upon expiration of a PAL period, the FEMA Regional Office will determine if the PAL system will 
be accredited or de-accredited.  This determination will be based on several conditions: 
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 Receipt of a 44 CFR Section 65.10-compliant data and documentation submittal for the levee 
system; 

 A Regional Office-funded review and approval or denial of the submittal based on 
completeness when compared with the 44 CFR Section 65.10-compliant levee system 
checklist; and 

 Resolution of conflicting data and documentation that may be submitted by other 
stakeholders. 

FEMA will initiate a mapping project to revise the levee-impacted areas immediately upon 
determining that the PAL system is to be accredited or de-accredited.  Depending on the scope and 
cost of the mapping project necessary to either accredit or de-accredit the system, the process can 
take up to 12 months before a Preliminary Digital Flood Insurance Rate Map (DFIRM) can be issued 
that reflects either the newly designated accredited or de-accredited levee system. 

Physical Map Revisions (PMRs) will be used to revise DFIRMs that are impacted by FEMA revising 
the map notations (Map notes and Notes to Users) and floodplain boundary delineations for levee-
impacted areas.  There are some possible exceptions to this mapping project format.  For example, a 
countywide study/mapping project may be warranted when the majority of the DFIRM panels are 
being impacted and another study is being processed concurrently within the County.  However, it is 
not acceptable to delay the issuance of a PMR for the levee-impacted areas, to accommodate an 
ongoing study/mapping project for the purpose of issuing the revised map and report in Countywide 
Format.  In addition, for a single panel mapping project to accredit a levee system, the Letter of Map 
Revision (LOMR) process may be appropriate, and the Regional Office should consult with FEMA 
Headquarters to make this determination. 

For a de-accredited levee system, FEMA will not revise the floodplain and map notations associated 
with a PAL system using the LOMR process.  There are too many risks associated with outreach and 
communication to be handled in a simplified process such as a LOMR.  Further, from the start of the 
mapping project for a de-accredited levee system until the final effective date of the revised flood 
map, no less than 18 months shall pass to allow for proper outreach and due process.  Any exceptions 
to either of these criteria must be coordinated with FEMA Headquarters. 

Remapping of Area Impacted by an Accredited Levee System

For communities submitting 44 CFR Section 65.10-compliant data and documentation, the PAL 
designation will be revised on the DFIRM to identify the levee system as accredited.  the notations in 
the Notes to Users regarding the PAL system must be removed and replaced with the current Notes 
to Users provided in Procedure Memorandum No. 45, making anything less than a full panel revision 
potentially confusing to users and, therefore, impractical.  Procedures for evaluation and mapping of 
levee-impacted areas are found in Appendix H of FEMA’s Guidelines and Specifications for Flood 
Hazard Mapping Partners (the Guidelines) and in Procedure Memorandum No. 52 – Guidance for 
Mapping Processes Associated with Levee Systems.  The standard processing and outreach practices 
that are associated with mapping projects shall be followed. 
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Remapping of Area Impacted by a De-Accredited Levee System

At the end of 24-month PAL period, if the 44 CFR Section 65.10-compliant data and documentation 
submittal is not provided to FEMA, or if evidence is received by FEMA that the levee does not meet 
65.10, or if the submittal is inadequate as determined by the Regional Office-funded review, FEMA 
will initiate a mapping project to de-accredit the levee system.  Procedures for evaluation and 
mapping of levee-impacted areas are found in Appendix H of the Guidelines and in Procedure 
Memorandum No. 52.  Procedure Memorandum No. 52 provides additional procedures for 
notification and outreach activities that shall be taken for de-accredited levee systems.  This includes 
establishing a 90-day comment period (if an approximate Zone A area is mapped and no new Base 
Flood Elevations (BFEs) are proposed) or 90-day appeal period (if new or modified BFEs are 
proposed) following the issuance of the Preliminary DFIRM. 

Levee Inventory

During the remapping of the area impacted by an accredited or de-accredited levee system 
procedures must be followed to ensure proper inventory and documentation occurs.  FEMA’s Mid-
term Levee Inventory (MLI) and DFIRM database should be used as the appropriate systems to 
capture any updates for these mapping projects. 

PAL Period Extensions Will Not Be Granted

FEMA will not grant extensions to the 24-month PAL period. Per Procedure Memorandum No. 43 – 
Guidelines for Identifying Provisionally Accredited Levees, in order for a levee to be provisionally 
accredited, the community or levee owner must commit to FEMA in writing to submit the full 44 
CFR Section 65.10-compliant data and documentation for the levee within 24 months of this signed 
agreement.  If the submittal is not received or is determined to be inadequate upon the expiration of 
the 24-month PAL period, FEMA will conclude that the levee is not 65.10-compliant and initiate a 
mapping project to publish a DFIRM that fully characterizes the appropriate flood hazard and risk 
associated with the de-accredited levee. 

Accreditation Opportunities for Communities and Levee System Owners

FEMA will initiate a map revision immediately after the expiration of the PAL period.  However, if a 
community or levee system owner can provide 44 CFR Section 65.10-compliant data and 
documentation for a de-accredited levee system, as determined by a Regional Office-funded review 
and approval based on completeness when compared with the 44 CFR Section 65.10-compliant levee 
system checklist, the levee system must be accredited and mapped accordingly, either within the 
current DFIRM update, or as soon as possible after the DFIRM becomes final.  Thus, the timing of 
the submittal will drive the process. 

If a community or levee system owner can provide 44 CFR Section 65.10-compliant data and 
documentation prior to a community adopting the DFIRM or prior to the four month period that 
would precede the effective date of the mapping project, whichever comes first, FEMA must revise 
the DFIRM and process it following the accreditation guidance above.  While this process does not 
provide an extension to the PAL period, it allows communities and levee system owners additional 
time to provide the 44 CFR Section 65.10-compliant data and documentation submittal to FEMA 
before the DFIRM is finalized and becomes effective.  This may cause FEMA to spend funds 
towards de-accreditation, only to receive the submittal and change direction toward accreditation 
during the mapping project.  However, the need to be consistent nationwide in initiating map 
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revisions in a timely manner following the expiration of a PAL period offsets concerns related to 
costs. 

If a community or levee system owner provides the FEMA Regional Office with the 44 CFR Section 
65.10-compliant data and documentation submittal after the end of the appeal or comment period and 
after the community adopts the new DFIRM, FEMA will accredit the levee and map it accordingly as 
soon as possible after the DFIRM becomes final.  There are several mapping options available to 
FEMA one the DFIRM becomes effective.  Consequently, the FEMA Regional Office will consult 
with FEMA Headquarters staff to choose the mapping process that will accurately reflect the 
accredited levee on the effective DFIRM in an expeditious manner. 
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(Date)

[Mr./Ms.] [Name of Community CEO]
[Title]
[City/County]
[Address]
[City, State Zip]

[90-Day / 30-Day] Notification of Provisionally Accredited Levee Period Expiration 

Dear [Mr./Ms.] [Name of Community CEO]:

This letter is to remind you of the upcoming (Date Data and Documentation Showing 65.10 Full 
Compliance is Due) deadline for (City/County Name and Levee System owner/operator) to 
submit all data and documentation required to demonstrate that [levee system known as (levee 
system name)] / [levee systems identified on the enclosed table] are in full compliance with the 
National Flood Insurance Program (NFIP) regulations cited in the Code of Federal Regulations 
(CFR) at Title 44, Chapter 1, Section 65.10 (44 CFR 65.10).  On (Date of FEMA 
Acknowledgement for Signed PAL Agreement), the Federal Emergency Management Agency 
(FEMA) of the Department of Homeland Security sent your community a letter acknowledging and 
accepting your signed Provisionally Accredited Levee (PAL) agreement (copy enclosed) for the 
[levee system known as (Levee System Name)] / [levee systems identified on the enclosed table].
That letter informed you that [this levee system / these levee systems] would be designated as [a
PAL system / PAL systems] on the new Digital Flood Insurance Rate Map (DFIRM) for 
<<County>>, <<State>> during a 24-month PAL period that started on (Date 2-Year PAL Period 
Started).  The PAL designation is shown for [this levee / these levees/ on the [Preliminary / 
Effective] DIRM for (County Name, State Name) and Incorporated Areas. 

The [levee system was / the levee systems were] shown with the PAL designation during the 24-
month PAL period to convey to map users that verification of the [levee system’s / levee 
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systems’] accreditation status was underway.  FEMA previously recommended that the levee system 
owner/operator(s) and the impacted communities implement outreach efforts to inform affected 
property owners that an assessment of the levee system[s] was underway.  FEMA also encouraged 
the purchase of flood insurance in the areas impacted by the PAL system[s], although property 
owners are not federally mandated to purchase flood insurance policies in these areas. 

In accordance with 44 CFR 65.10, it is the responsibility of the community or other party seeking 
recognition of a levee system, to provide the data and documentation definite and outlined in 44 CFR 
65.10.  Specifically, the design and construction data provided must be certified by a Registered 
Professional Engineer or by a Federal agency with responsibility for levee design. 

If you are able to submit the required data and documentation and it is found to be acceptable by 
FEMA, FEMA will initiate a map revision to accredit the levee system[s].  FEMA will map the areas 
impacted by the levee system[s] as a moderate-risk area, designated Zone X (shaded).  The 
mandatory flood insurance purchase requirements of the NFIP do not apply to structures in areas 
designated as Zone X (shaded), nor do the NFIP minimum floodplain management requirements. 

If you are unable to submit the required data and documentation by (Date Data and Documentation 
Showing 65.10 Full Compliance is Due) or if the submitted data and documentation are determined 
to be inadequate, FEMA will initiate a map revision to de-accredit the levee system[s] and map the 
impacted areas on the landward side of the levee system[s].  These areas will be remapped as Special 
Flood Hazard Areas (SFHAs), designated [Zone A / Zone AE].  The SFHA is the area that is subject 
to flooding during the 1-percent-annual-chance flood.  The mandatory flood insurance purchase and 
minimum floodplain management requirements of the NFIP apply to structures within the SFHA. 

The mapping process from start to finish in situations where a levee system is proposed to be de-
accredited will take no less than 18 months.  Data showing that the criteria of 44 CFR 65.10 have 
been met can be submitted at any time during that period or after.  Data submitted prior to a 
community adopting the DFIRM or prior to the four month period that would precede the effective 
date of the mapping project, whichever comes first, will be incorporated into the maps prior to them 
becoming final. 

Communities are encouraged to increase floodplain management efforts and promote the purchase of 
flood insurance for all homes and businesses in areas impacted by levee systems, including areas that 
are impacted by levee systems that have been certified as providing 1-percent-annual-chance flood 
protection.  Risk is dynamic and may not be completely eliminated by any levee system.  Levee 
systems are designed and built to provide a certain level of flood  

protection and to reduce the risks associated with flooding events in general.  Levee systems can be 
overtopped or fail during flood events that exceed the design-level storm.  Additionally, it is highly 
recommend that you consider this risk in your local emergency management plans, including 
creating evacuation plans for this area. 

Please send all complete 44 CFR 65.10 data and documentation submissions to my attention on or 
before (Date Data and Documentation Due).  If you have questions or need additional information 
regarding the flood mapping for your community, please contact me by telephone at (Regional
Contact Telephone Number), or by e-mail at (Regional Contact E-Mail Address).
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       Sincerely, 

(Regional Contact Name), (Title)
       Mitigation Division 

Enclosures: [PAL Status Table]
  Signed PAL Agreement(s)

cc:  (Name and Title of Floodplain Administrator)
  (Name and Title of State NFIP Coordinator)
  (Name and Title of Impacted Community/Communities CEO)
  (Name and Title of Senators/Congressional)
  (Name and Title of USACE District Office Contact) (for B levees only)
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The committee has recommended that the National Flood Insurance Program (NFIP) adopt and implement 
a modern approach to the analysis of flood risks that will serve as input to the assessment of flood insurance and 
provide a sound foundation for transitioning to risk-informed floodplain management. The approach recommended 
is founded on decades of risk analysis experience in the natural hazards and civil infrastructure arena and environ-
mental health and life safety. This experience has evolved in the private and public sectors (USACE, 1996, 2006; 
USNRC, 2011; AIR, 2012; RMS, 2012; EPA, n.d.) and specifically in the levee–flood risk areas as evidenced by 
recent studies in Dallas, Texas, New Orleans, Louisiana, Sacramento, California, and in California’s Sacramento–
San Joaquin Bay Delta (URS/JBA, 2008; IPET, 2009; CA DWR, 2012; USACE, 2012). This appendix provides 
further background and support for the modern risk analysis recommended in Chapter 3, including continued 
discussion of elements of a modern flood risk analysis. 

NEW CAPACITY ENABLING A RISK-BASED ANALYSIS

At the initiation of the NFIP in the 1970s, simplified analysis was necessary and appropriate. Hydraulic 
modeling capabilities were limited. Much of the hydraulic analysis for floodplain delineation, for example, was 
completed with computer program HEC-2 (USACE, 1991), a one-dimensional (1-D) steady-flow open-channel 
flow analysis application that was executed on large mainframe computers and for which the channel system was 
described on IBM punch cards, and the channel system description, which includes the channel cross-section 
geometry, often was derived from U.S. Geological Survey 7.5-minute quadrangle topographic maps; maps with 
contour intervals of 10 feet that are accurate to ±5 feet (1.5 meters) of the actual elevation. Furthermore, at the 
onset of the NFIP, knowledge of performance of levees was limited, and the notion of evaluating the potential for 
levee failure and describing performance in terms of the probability of failure with a fragility curve had not found 
its way into flood and floodplain analysis. Although a fundamental description of economic consequences and an 
associated probability of occurrence did play a limited role in flood insurance rate setting and management plan-
ning (e.g., in the computation of expected inundation reduction benefit attributable to a flood management project), 
a detailed understanding and description of risk were not widespread in the floodplain management community, 
and procedures and tools for risk analysis were not readily available.

Technological advances in the past 40 years now make risk analyses of large insurance portfolios possible 
within the context of the NFIP. For example, the NRC (2007) notes that Lidar (light detection and ranging) technol-

Appendix I

Risk Analysis Background
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ogy has matured to the point that it “is capable of producing a bare-earth elevation model with 2-foot equivalent 
contour accuracy in model terrain and land-cover types.” With geographic information system tools, overland flow 
on floodplains can be more accurately modeled from these data in a systematic, automated manner, with minimum 
human processing and few errors. Further, the state of practice of hydraulic modeling has advanced greatly since 
the early days of the NFIP, with two-dimensional (2-D) unsteady open channel and overland flow models now 
widely used. In fact, FEMA’s list of acceptable models for hydraulic analysis includes five such models.1 Data 
for estimation of consequence of inundation, particularly estimation of inundation damage, are readily available. 
These include, for example, property values, property type categorization, and property elevation data in FEMA’s 
Hazards–United States (Hazus) databases.2

The technical capability now exists for implementing and applying risk analysis as proposed in this report. In 
fact, other state and federal agencies with responsibilities for flood risk management have recognized the need for 
complete risk analyses to support their decision making, and have incorporated those analyses in their programs. 
To varying degrees, those analyses:

·	 Account for the full range of hazard, going beyond the one percent chance event, considering events as 
common as the 50 percent chance event and as rare as the 0.1 percent or 0.01 percent chance event.

·	 Include an explicit assessment of the consequences of inundation. Most analyses consider economic con-
sequences, some life safety, and few environmental consequences.

·	 Evaluate all potential mechanisms for flooding areas that are protected by a flood protection system, includ-
ing overtopping (without levee or structural failure), misoperation, breaching, and ponding. In addition, damages 
that may be caused by breaching itself, such as might be caused by the scour that occurs during the breach process, 
can be evaluated.

·	 Account for the performance of flood protection systems throughout the range of possible hazards. The 
analyses consider, for example, that a levee designed for the 10 percent chance event may reduce adverse economic 
consequence due to the one percent chance event, even though it will not eliminate all damage due to that event. 
They also represent the possibility, though unlikely, of failure of a FEMA “certified” levee during events that are 
smaller or larger than the one percent chance event.

·	 Acknowledge and evaluate the uncertainties about the various inputs to the analysis, including natural 
variability and lack of perfect understanding and ability to model the natural processes.

For example, all flood damage reduction studies conducted by the U.S. Army Corps of Engineers are 
required to analyze risk (USACE, 2006). The requirement applies to USACE studies that lead to feasibility 
reports, general design memorandums, and general re-evaluation reports. The regulation specifically prohib-
its traditional deterministic approaches—such as inclusion of freeboard to account for what are described as 
“hydrologic, hydraulic, and geotechnical uncertainties.” Instead, USACE analyses must use technical procedures 
presented in Engineering Manual 1110-2-1619 (USACE, 1996), Engineering Technical Letter 110-2-556, and 
companion documents.

In addition to the foregoing public-sector applications, private companies have developed flood risk analysis 
tools for evaluating insurance portfolios (AIR, 2012; RMS, 2012).

EXAMPLES OF CURRENT USE OF A RISK ANALYSIS TO EVALUATE FLOOD RISKS

As discussed in Chapter 3, the use of risk analysis methods to evaluate flood risks and specifically to consider 
the performance of levees has been ongoing and improving for more than a decade. This includes the development 
of a probabilistic approach by USACE in the 1990s (USACE, 1996). More recently, after the events of Hurricane 
Katrina, there has been considerable development and application of risk analysis methods to evaluate the flood 

1  See http://www.fema.gov/national-flood-insurance-program-flood-hazard-mapping/numerical-models-meeting-minimum-requirement-0.
2  See http://www.fema.gov/protecting-our-communities/hazus.
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risks and the performance of levees and flood protection systems in general. As a response to the damage caused 
by Katrina and the levee failures, the USACE formed a team to conduct a detailed risk and reliability analysis 
of the New Orleans hurricane protection system, including an assessment of economic consequences as part of 
the Interagency Performance Evaluation Task Force study (IPET, 2009). During the same period and partly in 
response to Hurricane Katrina, the California Department of Water Resources carried out a comprehensive risk 
analysis on the more than 1,200 miles of levees in the Sacramento–San Joaquin Delta (URS/JBA, 2008). This 
analysis evaluated flood and seismic risks to Delta levees (which are more like dams because they have water 
against them year round) and the economic risks to the state. Following the Delta risk study, California DWR is 
conducting flood risk studies in the Central Valley, including the extensive development of levee fragility curves. 
As part of the California Central Valley Flood Protection Plan, engineers have developed levee fragility curves 
at approximately 300 locations in approximately 1 year, following an extensive data collection effort (CA DWR, 
2012). Similarly, USACE has developed levee fragility curves for use in ongoing planning studies, all of which 
now employ complete risk analysis (USACE, 2006).

The events of Hurricane Katrina led to significant changes at USACE in terms of their use of risk analysis 
methods in its levee and dam safety programs. In fact, the IPET evaluation led to USACE making a major para-
digm shift, transforming USACE to a risk-informed agency (USACE, 2008). Whereas USACE had been using risk 
analysis in limited ways prior to Katrina, the impact of failure of USACE-designed structures led to a wholesale 
move to implementation of risk analysis for the management of the nation’s flood risk. As part of these changes, 
USACE is advancing its risk analysis methods for levees and developing new tools to improve the assessment of 
flood protection systems (USACE, 2008). 

DETAILED DICUSSION OF A MODERN RISK-BASED ANALYSIS

As described in the report, there are a number of key elements to conducting a modern risk analysis. These 
include: 

·	 the requirement that uncertainties, specifically epistemic uncertainties, be identified and evaluated as an 
integral part of the analysis; 

·	 modeling and considering the performance of flood protection systems, including the potential for failure 
and breaching, misoperation, overtopping, and flooding of areas protected by these systems, in the assessment of 
the potential for flooding and damage; and 

·	 a systems-based approach for the modeling of the hydrologic and hydraulic systems and the flood protec-
tion systems that provide protection to a community. 

As it pertains to the NFIP, the purpose of a risk-based approach to the analysis of flood risks, including the 
performance of flood protection systems, is multifold. It is intended to provide a quantitative measure of the flood 
damages associated with flood hazards that can be used to support the NFIP determination of flood insurance rates. 
This assessment needs to consider the performance of levee systems and, given the language in 44 CFR §65.10, all 
elements of flood protection systems and their role in the potential for flooding. In addition to insurance-motivated 
needs of the NFIP, the risk analysis and, more specifically, the products of the risk analysis will support other 
floodplain management aspects of the program (risk communication, planning, etc.). 

The analysis of flood risks is a multidisciplinary evaluation that is made on the basis of available information. 
As such, the recognition and evaluation of these epistemic uncertainties is a key concept in modern risk analysis. 
As a starting point for the development of an NFIP risk analysis methodology, it is important that a clear defini-
tion of uncertainty and risk be established. Furthermore, as procedures for the implementation of an NFIP risk 
analysis method are developed, clear definitions of the responsibilities of the professionals involved in the study, 
the evaluations they are expected to perform, and the results they generate are critical. Experience suggests that 
in complex, multidisciplinary evaluations it is important that responsibilities are clearly defined and the technical 
interface between different parts of the analysis are laid out. 
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Characterizing Aleatory and Epistemic Uncertainty 

As noted above and in Chapter 3, uncertainties are an integral part of the modern risk-based analysis. To evalu-
ate and model aleatory and epistemic uncertainties, a characterization can be made in terms of their effect on models 
and estimates of model parameters (Table I-1). Modeling epistemic uncertainty represents differences between a 
physical process (hurricane surge, embankment failure) and prediction models. Modeling epistemic uncertainty 
can be estimated by comparing model predictions to observed events/performance. Parameter uncertainty is the 
epistemic uncertainty associated with the estimates of model parameters as derived from available data. Parametric 
uncertainty is quantified by observing the variation in parameters inferred (either in a direct or an indirect manner). 

The distinction between aleatory and epistemic uncertainty is not intuitive and can be difficult to ascertain. 
Furthermore, the assessment of these uncertainties is model dependent. For example, a simple engineering 
model of an event (levee performance during a flood) may have higher model aleatory variability than a more 
complex model that addresses more details of the physical process of a levee dealing with the loads it is exposed 
to during the flood (i.e., increased hydrostatic loading, wave action, seepage forces, etc.). At the same time, the 
more complex model may have larger parametric epistemic uncertainty; there are more parameters to estimate 
and there may be limited data to estimate them. Thus, the characterization of uncertainties is model dependent, 
making the distinction between different types of uncertainty difficult. Nonetheless, making a distinction between 
the sources of uncertainty in a logical manner helps ensure that all uncertainties are identified and quantified. 
In principle, epistemic uncertainties are reducible with the collection of additional data or the use/development 
of improved models.

A Conceptual Framework for Flood Risk Analysis

As described in the main report, a starting point for the development of an NFIP flood risk analysis is a con-
ceptual framework for flood risk analysis that can be defined as: 

	 R = f(H,V,C)	 (I-1)

where risk (R) is a function of flood hazard (H), vulnerability (V), and consequence (C). In this context, risk is 
a function of the flood hazard a community is exposed to, the vulnerability of flood protection systems and the 
potential that their failure will contribute to flooding, and the consequences associated with system failures and 
the damage to a community exposed to flooding, including economic impact and life safety.

As noted in Chapter 3, this framework can be extended to include the concepts of uncertainty. This extension 

TABLE I-1 Characterization of Aleatory and Epistemic Uncertainty on Models and Model Parameters

Type of Uncertainty

Element Epistemic Aleatory

Modeling Uncertainty about a model and the degree to 
which it can predict events or outcomes (e.g., 
levee performance), that is, to what extent a 
model has a tendency to over- or underpredict 
observations 

Aleatory modeling uncertainty is the variability that is 
not explained by a model. For instance, this variability is 
attributed to elements of the physical process that are not 
modeled and therefore represents a variability (random 
differences) between model predictions and observations.

Parametric Uncertainty associated with the estimates of 
model parameters, given available data, indirect 
measurements, etc. 

This uncertainty is similar to aleatory modeling 
uncertainty. This is a variability that may be due to 
systematic, but random, variations associated with 
parameters of a model. 

SOURCES: Abrahamson et al. (1990), USR/JBA (2008), IPET (2009).
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provides a quantitative definition of risk (Kaplan and Garrick, 1981; ASME/ANS, 2009; IPET 2009) in probabi-
listic terms:

	 R = f(H,V,C,n,r)	 (I-2)

where n = frequency of occurrence or exceedance, and is a measure of the aleatory uncertainty (the randomness of 
events); r = probability as a measure of the confidence to which an estimate of n is the true value, or the epistemic 
uncertainty in the estimate of n. For purposes of a flood risk analysis, the consequences of flooding are measured 
in terms of the economic damages. Typically, results of risk analysis would be expressed in terms of a frequency 
distribution on economic damages (dollars). This is denoted

	 R = n(c)	 (I-3)

where n() = frequency of occurrence per year; and c = consequences measured in dollars.
Another risk metric is the expected annual losses, which can be estimated by

	 E(c) = ec*n(c)dc	 (I-4)

The estimate of flood consequences and their frequency of occurrence are uncertain, that is n(c) cannot be 
determined with certainty; there is epistemic in estimating the frequency and magnitude of floods, uncertainty in 
the performance of flood protection systems, and the magnitude of consequences. There is therefore a distribution 
on the estimate of n(c). A formal analysis of the uncertainties in the components of a risk analysis (H, V, and C) 
produces a probability distribution on the estimate of n(c), the estimate of risk. This probability distribution that 
quantifies the uncertainty in the estimate of n(c) can be thought of as a distribution from which confidence intervals 
on the estimate of risk can be derived.3 Kaplan and Garrick (1981) provide a quantitative definition of risk that 
includes the quantification of aleatory and epistemic uncertainties and the estimate of consequences: 

	 {n,C,r} 	 (I-5)

or, in terms of the risk example above, equation (I-5) can be written,

	 {n(c)i,ri}	 (I-6)

where, n = frequency of occurrence or exceedence, as is a measure of the aleatory uncertainty; =C a consequence 
metric (e.g., economic impact, public safety); r = probability as a measure of epistemic uncertainty in the estimate; 
and where, 

 	 ρ
i

i

n

=
=
∑ 1 0

1

.  	  (I-7)

The frequency of occurrence is a measure of the aleatory uncertainty of events or outcomes (consequences), 
their randomness or stochastic character. An example of aleatory uncertainty is the occurrence of flood events in a 
watershed, or the performance of a levee for a given flood level. Equation (I-6) defines a discrete probability mass 
function on the frequency distribution of consequences, where probability is a measure of epistemic uncertainty 
in the estimate of n.

3  The notion of confidence intervals is a useful concept for purposes of illustrating the measure of uncertainty in the risk analysis results. 
In fact, however the assessment of uncertainties is not same as a statistical analysis of a dataset from which confidence intervals on parameter 
estimates are derived.
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Risk Analysis Methodology

A primary product of a risk analysis for the NFIP is an assessment of the frequency of economic consequences 
that can occur as a result of flood-related events. For a unit of exposure (a particular property) or for an entire 
portfolio, the risk analysis will evaluate the potential that a unit may experience flooding and the damage (loss) that 
will occur as a result of the flooding. For a property behind a levee, the mechanisms that may lead to flooding are

·	 levee breach, prior to a levee being overtopped;
·	 inflow to the protected area (behind the levee) due to overtopping that does not result in breaching of the 

levee;
·	 flooding that occurs due to failure to close gates or other closures; 
·	 levee breaching as a result of overtopping; 
·	 flooding behind the levee that occurs due to intense rainfall, storm drains getting backed up, etc. that result 

in flooding/ponding in the protected area behind the levee. 

The loss that occurs will vary, depending on

·	 depth and velocity of flooding associated with the different flooding mechanisms (see above); and
·	 proximity to the location of the levee breach. For instance, when a levee breaches, the depth of flooding 

behind the levee might end up at 2 feet above the first-floor elevation. However, a property that is located at or 
near a breach may be completely destroyed as a result of the depth of water, the high velocities of flow that will 
occur, and/or the fact the unit is located in the scour zone of the breach which undermines the foundation of the 
unit, etc.

A primary product of the risk analysis for an individual insured property or for an entire portfolio is an assess-
ment of the frequency of economic consequences, which will vary in scale depending on the size of the flood 
events and the flooding mechanisms that can occur. This result, repeated from above, can be denoted, 

	 {l(C > c)i,ri}	 (I-8)

where l() is the frequency of exceedance of the economic consequences and ri is the probability associated with 
an estimate of the flood risk, l(C > c)i. 

To estimate the result in equation (I-8), there are two fundamental components to the risk model. The first 
can be referred to as the aleatory flood risk model, which estimates the frequency of occurrence (or exceedance 
as shown in equation (I-8)) of flood damages. For an individual property, this can generally be denoted 

	 λ ν( ) ( ) (
max

C c F P LPSi j
k e

e

j
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i

n

o
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> =
===
∑∑

11

states

∑∑ >| ) ( | , ) ( | )F P e F LPS P C c ei ij i j j 	 (I-9)

where
n(ej) = frequency of occurrence of flood event i;
P(LPSj > Fi) = probability of levee system performance state j, given flood event, Fi;
P(eijk | LPSj) = probability of flood elevation k due to flood event, Fi and levee system performance state, 

LPSj; and
P(C > c | ej) = probability that consequences of flooding will exceed a level c, given the occurrence of a flood 

elevation ej.

The summations are carried out over (1) the range and type of flood events, (2) the number of different levee 
system performance states, and (3) the range of flood elevations that may occur given the flood events that may 
occur and the different levee performance states. The summation over flood events applies to all events that could 
lead to flooding. These could include local precipitation that might lead to ponding/flooding behind levees in the 
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protected area, larger precipitation events that result in high river flows, ice jamming events, etc. The levee perfor-
mance states can vary considerably depending on the number or type of structures and components that form the 
levee system. These may include levee breaching at different locations and at different flood elevations (pre- and 
post-overtopping), failure to close flood gates, structural or stability failure of floodwalls, etc. The performance 
of the levee system determines the different flooding mechanisms that may occur.

Regarding equation (I-9), first, the use of flood elevation as a metric for the characterization of the flood 
hazard can be considered a surrogate for the flood threat which may be multidimensional. As noted above, the 
level of damage that occurs may be a function of the depth and velocity of flooding. It also may be a function of 
debris content, the scour that may occur near a breach, etc. Second, the flooding that occurs is a function of the 
occurrence of different flooding mechanisms, some of which may involve levee failures, others of which do not. 
For purposes of this discussion, the characterization of the hazard is stated in terms of elevation as a surrogate. 
Equation (I-9) represents the aleatory model for estimating the random chance that flooding will occur and cause 
property damage.

The second element of the flood risk model is the “model of epistemic uncertainties.” If all of the models 
and parameters that are required to implement equation (I-9) were known with certainty, a single estimate of λ(C 
> c) could be determined. This of course is not the case, because there are numerous sources of uncertainty in 
the assessment of flood hazards, in the estimate of the fragility of levee systems, and in the estimate of the flood 
damages. As a result, there is uncertainty in the estimate of λ(C > c). Therefore, as part of the flood risk analysis, 
an epistemic uncertainty model needs to be developed for the flood hazard analysis, the fragility analysis, and the 
flood damage model. In addition, a method to propagate these uncertainties to derive the uncertainty in the flood 
risk needs to be implemented. 

Typically, simulation methods are used to carry out this analysis (e.g., Monte Carlo or Latin Hypercube simu-
lation). Other approaches include the use of logic trees to enumerate all of the possible combinations of uncertain 
models and parameters. Conceptually, the estimate of the uncertainty in the flood risk analysis can be illustrated 
in a logic tree, as shown in Figure I-1. Across the top of the logic tree are the uncertainty elements of the flood 
risk model (again, shown here in conceptual form). For elements in the logic tree, there are a series of branches 
that represent alternative, discrete models are parameter estimates. Collectively, these discrete estimates model the 
uncertainty in that component of the risk model (e.g., flood hazard model). Associated with each branch is a prob-
ability weight, derived from the uncertainty analysis for that part of the flood risk model. The weight corresponds 
to the degree-of-belief that a particular model or parameter estimate is the true state of nature. Each path through 
the logic tree represents one, alternative (but uncertain) estimate of the flood risk, based on the uncertain inputs 
defined along the path and the basis for the risk calculation (equation (I-9).

COMPONENTS OF THE MODERN RISK-BASED ANALYSIS

The modern risk analysis recommended for NFIP insurance, mitigation, and communication programs requires 
a complete description of the flood hazard. In Chapter 3, a summary description of the modern risk-based analysis 
is provided which includes a flood hazard analysis, levee and other hydraulic structure and component and fragility 
analysis, systems analysis, inundation analysis, consequence assessment, and risk and uncertainty quantification. 
The discussion of these components is expanded, when relevant, here. Also, new components are discussed. 

Flood Hazard Analysis

In the context of the committee’s recommendation, a description of the flood hazard includes a specification 
of the magnitude (e.g., peak flood elevation) and its frequency of occurrence (or, more commonly, frequency of 
exceedance). Hazard at a given location in a floodplain is described with a discharge (flow)-frequency or elevation-
frequency distribution. For analysis of riverine flood risk, the latter commonly is derived from the former. For 
coastal risk analysis, the elevation-frequency function is developed directly.

Methods of development of discharge-frequency functions for rivers are well known and well documented. 
If an adequate record of unregulated discharge at a site is available, an analytical frequency distribution can be 
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fitted to the data. FEMA generally follows the standard of practice for this distribution fitting with historical 
flow observations. In cases for which data available are inadequate for distribution fitting, FEMA guidance sug-
gests regional methods, transfer methods, empirical equations, and watershed modeling methods for estimating 
discharge of specified probability.4 While certain refinements to both distribution fitting and alternative methods 

4  See http://training.fema.gov/EMIWeb/edu/docs/fmc/Chapter%204%20-%20Flood%20Risk%20Assessment.pdf.
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FIGURE I-1 Illustration of a logic tree, showing the uncertainty in different components of risk analysis. 
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will be necessary for the comprehensive risk analysis proposed herein—notably enhancements to evaluating the 
epistemic uncertainty about the frequency curves—the hazard description required for risk analysis proposed herein 
is fundamentally the same as that currently required for FEMA studies. The assessment of epistemic uncertain-
ties in hydrologic modeling, frequency analysis, and estimation of flood elevations is an important element of a 
comprehensive risk analysis and in the stability of the results (climate change and other physical changes aside). 
The assessment of epistemic uncertainties must consider the parametric uncertainties associated with limited data, 
correlation of model parameters, and modeling uncertainties which may include alternative modeling interpreta-
tions of the analysts (Yankee Atomic, 1984; IPET, 2009). Thus the same hydrologic engineering methods can be 
used, with enhancements, and the existing technical knowledge base and experience of analysts will be useful and 
usable for comprehensive risk analysis.

A key to success of the risk analysis proposed herein is the capability to model the behavior of the riverine, 
coastal, or floodplain system with sufficient detail and sufficient accuracy to predict water surface elevations and 
velocities throughout the area of interest, given the discharge values estimated with frequency fitting or alterna-
tive methods. Capabilities for such modeling are readily available and well understood in the engineering and 
floodplain management community.

For flood studies such as those conducted by FEMA, channel flow (or flow contained by the levees) is described 
well in many cases with a 1-D hydraulic model. Such a model predicts the water surface elevation and velocity in 
the channel for specified flow rates by solving equations that represent the conservation of mass and momentum 
in the channel as the water moves downstream. In some cases, a 1-D model is not adequate for representing chan-
nel flow, because the inherent assumption that flow is predominately in a single direction is violated. In that case, 
a 2-D model would be used. The products of application are similar, but with variations both longitudinally and 
laterally in the channel represented. 

Software applications with 1-D and 2-D models currently accepted by FEMA for NFIP studies are usable 
for the risk analysis proposed herein.5 Again, certain enhancements are necessary to adequately describe the 
uncertainty about predicted elevations, but the analysis applications and the knowledge and experience of users 
are directly usable.

Flood Protection System Performance

The subject of this study and the issues the NFIP is facing are centered around levees, because they are a 
major component of flood protection systems. However, 44 CFR §65.10 discusses more broadly the fact that flood 
protection systems that a community relies on are often a composite of many different elements. These include:

·	 structures of various types, including levees, floodwalls, gates, buildings, etc.;
·	 natural structures (levee foundations, old streambeds);
·	 interior drainage systems; pumping systems (pumps, pumphouse), drainage ditches and canals, power sup-

plies, control systems, fuel supplies, etc.; and 
·	 operational requirements for pump system operation, gate closure, etc.

As such, the flood protection that is provided to a community relies on the ability of a “system” to perform 
as intended during flood events. One of the significant lessons from Hurricane Katrina was the recognition and 
admission by the Corps of Engineers that the New Orleans Hurricane Protection System (HPS) was a system in 
name only (IPET, 2009). The post-event evaluations made it clear the HPS was not designed, operated, or main-
tained as a system and as such did not perform as one during Katrina (IPET, 2009). 

Section 65.10 dictates the requirements for elements of the flood protection system, such as an operational 
plan for the levee system, the installation of gates or other closures, etc. The residual risk in protected areas is a 
function of the reliability of the flood protection system as a whole, not just of the individual system elements. The 

5  See http://www.fema.gov/national-flood-insurance-program-flood-hazard-mapping/numerical-models-meeting-minimum-requirement-0 
and http://www.fema.gov/national-flood-insurance-program-flood-hazard-mapping/numerical-models-meeting-minimum-requirement-3.
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assessment of flood risks requires a system-level analysis where the system includes the watershed (the hydrologic 
system), the hydraulic system (river channels, floodplain), and the flood protection system. 

As part of a risk analysis, a systems modeling approach that considers the physical and operational elements of 
a flood protection system that are required to prevent flooding needs to be used. The system performance (system 
reliability) over a wide range of flood events is considered in order to estimate the risk in the floodplain, in the 
protected as well nonprotected, waterside areas of the system. The performance of the system of structures and 
other components that make up the system is integral to the hydraulic response – whether the protection system 
is breached or not. 

Structure, Component, and Operational Reliability

A key element of the risk analysis is the assessment of the reliability of structures as well as other elements of 
the flood protection system to perform their intended function. This includes the integrity of the structures (levees, 
floodwalls, interface between structures, etc.) and operational reliability (actions of personnel) to close gates or 
other closures, operation drainage systems, etc. For purposes of the risk analysis, the reliability of structures is 
characterized in terms of the conditional probability of failure expressed as a function of an appropriate metric of 
the flood hazard (i.e., peak flood elevation) (USACE, 1996; URS/JBA, 2008; IPET, 2009; Schultz et al., 2010) 
(see Figure I-2). In addition to the assessment of fragility for structures in which the reliability depends on the 
loading level, there are other elements of the flood protection system whose reliability is independent of the level 
of flooding. Examples include the reliability of mechanical and electrical equipment (e.g., pump systems), actions 
of personnel (installation of closures, pump system operations, etc.).

A critical part of the reliability assessment is the collection of information about the various system components 
so that an understanding of system interactions, potential modes of failure (see Figure I-3 for a view of different 
levee failure modes) and performance can be developed. With respect to the assessment of fragility curves for 
structures (levees, floodwalls, etc.), various methods are available (URS/JBA, 2008; IPET, 2009; Schultz et al., 
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FIGURE I-2 Levee fragility curve. 
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2010). These range from judgmental approaches that rely on expert evaluations, often in cases where there is limited 
data, to empirical, and analytical methods (URS/JBA, 2008; IPET, 2009; Schultz et al., 2010). Empirical methods 
take advantage of observational data documenting the performance of structures under a variety of loads. Obser-
vations may be obtained systematically through controlled experiments or may be collected in an opportunistic 
fashion from flood events. Analytical methods that can be used to develop fragility curves are based on structural 
models that evaluate the likelihood that performance limits of the structure are exceeded. These methods have the 
advantage that they are based on physical models, or at least explicit physical relationships between capacity and 
demand. A limitation of analytical and empirical methods is that there are potential failure modes that may not 
be readily addressed by either approach. As a consequence, fragility assessments are often a hybrid of different 
methods, depending on the information that is available to perform the analysis. 

There can be considerable epistemic uncertainty in the estimate of the fragility for structures (Figure I-4). 
A particularly vexing aspect of levees is the uncertainty associated with foundation conditions. The conditions 
along a levee can be complex and dynamic (Saucier, 1994). These changing subsurface conditions tend to promote 
preferential seepage beneath levees, often along buried or abandoned channels, as shown in Figure I-5. Under-
seepage tends to be “spotty,” or inconsistent in some areas, and fairly predictable in other areas, depending on the 
underlying geology (Kolb, 1976). Underseepage can also be exacerbated by infiltration in riverside borrow pits, 
excavated to construct the adjacent levees (Mansur and Kaufman, 1957). The quantification of uncertainties and 

FIGURE I-3 Earthen levees are subject to a suite of potential failure modes. Not all failure modes are correlated to river stage. 
and this are excluded from consideration of levee fragility curves based on a function between river stage and system prob-
ability of failure. For example, dredging immediately adjacent to an earthen levee changes the capacity of that system to resist 
underseepage and piping (failure mode number 8). This activity, however, would not be captured and communicated to the 
system managers/operators through levee fragility curves defined by river stage. 
SOURCE: Courtesy of Zina Deretsky, National Science Foundation.
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FIGURE I-4 Uncertainty in the estimate of levee fragility for a levee in New Orleans. Dashed lines correspond to the 0.05 and 
0.95 uncertainty levels in the estimate of the conditional probability of failure.
SOURCE: IPET (2009). 

FIGURE I-5 Levees are commonly placed on floodplains adjacent to the present course of the river channels. These embank-
ments are usually underlain by older channel deposits, such as the oxbows sketched above. These dynamic conditions often 
promote the paths or preferential seepage and hasten differential settlement of the levee embankment. 
SOURCE: Rogers (2012).
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their potential impact on levee performance will be one of the most challenging aspects of developing fragility 
curves over the coming decade. 

Inundation Analysis Including Levee Breach and Inundation

If the flow rate in a leveed channel increases, the water surface elevation will increase. At a certain flow 
rate, the water-surface elevation will exceed the top of levee elevation, and water will flow onto the “protected” 
floodplain—the interior area on the landside of the levee. This floodplain flow may be simulated with a 1-D or 
2-D model. Figure I-6 illustrates conceptually such an integrated model of channel and floodplain flow, as would 
be required for a complete risk analysis as proposed herein. A 1-D model represents the channel flow regime, 
and a water-surface elevation is computed for a specified exceedence probability. If that water-surface elevation 
is greater than the elevation of the top of the levee (which is represented in the figure with the heavy line), water 
spills from the channel. That process is simulated with an appropriate 1-D or 2-D model for the risk analysis 
proposed. In the illustration, a 2-D model is illustrated. This uses a fixed grid, with elevation and flow resistance 
parameters described for each cell of the grid. The equations of fluid motion are solved to account for the flow 
from each cell to all adjacent cells, thus estimating the depth of inundation for each cell. The 1-D and 2-D models 
are “coupled” at locations where water spills from the channel onto the floodplain and vice versa, as illustrated 
by the arrows in the figure.

A levee between the channel and floodplain limits the exchange of water between the channel and floodplain, 
with flow onto the floodplain occurring only when the channel capacity is exceeded if the levee performs as 
designed. However, the levee may breach prior to (or after) overtopping. In that case, water flows from the chan-
nel through the levee breach and onto the floodplain. Shown in Figure I-7, flow onto the protected floodplain is 
simulated, again, with an appropriate model. As before, model results include water surface elevations and velocity 

FIGURE I-6 A one-dimensional model commonly is used to represent channel flow (Left). The A-B transect illustrates a 
cross section of the channel in the 1-D model of flow that typically would be used to simulate behavior of the river. A two-
dimensional model may be used to represent more complex flow patterns on the adjacent floodplain (Right). 
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for each cell, in this case with water delivered to the floodplain from the channel through the levee. The floodplain 
elevations may be mapped, as illustrated, with shading to represent depth. Such analysis can be completed for any 
flow condition in the channel, including the one percent chance event and larger or smaller events.

For risk analysis, properties of the levee breach are described for modeling the breach. The properties are 
determined from empirical data, or application of geotechnical engineering analyses and standards of practice, as 
described earlier in this report.

Consequence Assessment

A modern risk analysis requires the estimation of consequence of inundation for the entire range of hydrologic 
events and the various states of and levee system performance. This consequence evaluation is commonly accom-
plished with a model that describes in a quantitative manner the consequences of flooding, given the consequences 
of the flooding (i.e., depth and velocity of flow), and properties of the exposed floodplain assets (i.e., construction 
type and material, foundation type and elevation, and content type and value). 

A simple elevation-damage function, such as that illustrated by Figure I-8, is typical of models used to char-
acterize the consequence of flooding of the exposed inventory in a floodplain. Such a function may represent 
economic loss for a single element of the inventory—such as a single residence and its contents—or the function 
may represent the aggregated loss for groups of items. The function may represent tangible (direct and/or indi-
rect) loss and/or intangible loss. The tangible consequence of flooding may include a broad range of deleterious 
effects and associated costs, including (a) economic damage to buildings and contents; (b) damage to outbuildings, 
landscaping, vehicles, boats, and other inventory not within buildings; (c) damage to infrastructure, including 
transportation facilities, utilities, communications facilities, and so on; (d) damage to vegetation, including crops; 
(e) emergency response, management, and recovery costs, including flood-fighting costs; security, evacuation, 

FIGURE I-7 A one-dimensional model of flow in the channel (Left) can be coupled with a two-dimensional model of flow on 
the floodplain (Right), with flow moving from the channel onto the floodplain through the levee at the breach. The heavy line 
represents the levee, and the arrow shows the location of the breach or overflow section through which water flows.
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search and rescue costs, debris removal, and others; and (f) other economic impacts, such as displacement costs 
for temporary quarters, disruption time for affected people, economic impacts of loss of service of transportation 
and utility functions, loss of business income, loss of public services, and others.

Consequences considered in a flood risk analysis need not be restricted to economic loss. Thus, the elevation-
damage function may be interpreted broadly to represent any undesired consequences that can be predicted from 
knowledge of flood properties.

FEMA has developed consequence models for various structure types, content of structures, infrastructure, 
vehicles, and other relevant categories. These models, derived from information gathered from insurance claims, 
are included in FEMA’s Hazus software application. With similar analysis of historical inundation damage data, 
augmented with analysis of building methods, USACE has developed, published, and used generic elevation-
damage models (USACE, 2000, 2003). For flood situations or structures not well represented by these readily 
available models, site-specific models are required. Those are developed from (a) empirical analysis of post-flood 
damage surveys; (b) detailed engineering analysis of cost of repair, considering various flood depths at a property 
and using cost estimates from, for example, Marshall & Swift’s Residential and Commercial Estimator, Means 
Square Foot Costs, and the BNI Home Builder’s Costbook (2013); or (c) expert elicitation, using professional 
judgment offered by knowledgeable economists and engineers.

Risk analyses may be completed independently for each property within the floodplain. This will provide the 
economic information needed for insurance rate setting for individual properties. In addition, or as an alternative, 
economic values can be aggregated by political boundary, by structure type, and so on as appropriate for decision 
making for mitigation or for risk communication.

Risk Quantification

The final step in the risk analysis is the probabilistic combination of the different parts of the risk analysis to 
estimate the frequency of flooding, performance of the flood protection systems, and flood damages. The quan-
tification also includes the propagation of epistemic uncertainties in the flood hazard, levee system performance 
and economic damage assessment, to derive the uncertainty in the risk analysis results. With current analytical 
and computational capabilities the estimation of flood risks can be carried out at the individual property level, the 
community level, and for the NFIP portfolio. These capabilities make it possible for a modern NFIP risk analysis 
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to provide comprehensive support to all aspects of the program: insurance, flood risk communication, floodplain 
management, etc. 
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