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Floods take a heavy toll on society, costing lives, 
damaging buildings and property, disrupting 
livelihoods, and sometimes necessitating fed-

eral disaster relief, which has risen to record levels in 
recent years. The National Flood Insurance Program 
(NFIP) was created in 1968 to reduce the flood risk to 
individuals and their reliance on federal disaster relief 
by making federal flood insurance available to residents 
and businesses if their community adopted floodplain 
management ordinances and minimum standards for 
new construction in floodprone areas. Insurance rates 
for structures built after a floodplain map was adopted 
by the community were intended to reflect the actual 
risk of flooding (i.e., risk-based rates), taking into ac-
count the likelihood of inundation, the elevation of 
the structure, and the relationship of inundation to 
damage to the structure. Charging higher premiums 
for structures expected to suffer greater flood damage 
would make people aware of their flood risk and would 
transfer the cost of losses from taxpayers to property 
owners. Rates for existing structures were subsidized 
to encourage insurance purchase and community par-
ticipation in the NFIP. The NFIP designers anticipated 
that the need for such subsidies would diminish over 
time as aging structures left the portfolio.

Today, rates are subsidized for one-fifth of the 
NFIP’s 5.5 million policies. Structure elevations are 
not known for most subsidized policies. However, 
the NFIP believes that most of these structures are 
negatively elevated, that is, the elevation of the low-
est floor (including basement) is lower than the NFIP 
benchmark for construction standards and floodplain 
management ordinances—the water surface elevation 

with a 1 chance in 100 of being exceeded annually 
(called the 1 percent annual chance exceedance eleva-
tion or base flood elevation). Compared to structures 
built above the base flood elevation, negatively elevated 
structures are more likely to incur a loss because they 
are inundated more frequently, and the depths and 
durations of inundation are greater.

When subsidies are phased out to improve the 
fiscal health of the NFIP, as required by the Biggert-
Waters Flood Insurance Reform Act of 2012 and sub-
sequent legislation, premiums for negatively elevated 
structures will rise, in some cases substantially, to cover 
the expected losses. Consequently, it is important to 
ensure that NFIP methods used to calculate risk-
based premiums for negatively elevated structures are 
credible, fair, and transparent. This report examines 
current NFIP methods for calculating risk-based rates 
for negatively elevated structures; identifies changes in 
analysis methods and data collection that are needed 
to support risk-based premiums; and discusses the 
feasibility, implementation, and cost of making these 
changes (Box S.1).

CURRENT NFIP METHODS

The first task of the committee was to review 
current NFIP methods for calculating risk-based pre-
miums, including the floodplain analysis and mapping 
that support insurance rate setting (Box S.1). The 
NFIP expresses flood risk in terms of the expected eco-
nomic loss due to inundation and the probability of that 
loss. Information about the flood hazard, determined 
through NFIP flood studies, the vulnerability of the 

Summary
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structure being insured, and the performance of certain 
flood protection measures is incorporated into a flood 
risk assessment, which yields an estimate of the average 
annual loss. The insurance rate is determined from this 
loss after adjusting for expenses, deductibles, under
insurance, and other factors. This process is described 
in more detail below.

Flood Hazard Analysis and Mapping

In inland areas, NFIP flood studies focus on the 
expected behavior of a watershed, river channel, and 
adjacent floodplain where structures are located. In 
coastal areas, the studies also assess the effects of storm 
surge and wave action. Models of relevant physical 
processes are coupled with statistical models of weather 
events to compute flood depths and velocities, and their 
likelihood of occurring. The model prediction results 
are summarized in reports and portrayed on Flood 
Insurance Rate Maps, which show water surface eleva-
tions, floodplain boundaries, zones of flood severity, 
and other information. The maps are used to identify 
locations of high flood risk, to determine whether flood 
insurance is required, and, if so, to inform determina-
tion of a flood insurance premium.

Flood Risk Assessment

Flood risk assessments generally focus on four 
components:

1.	 Flood hazard—the probability and magnitude 
of flooding

2.	 Exposure—the economic value of assets sub-
jected to flood hazard

3.	 Vulnerability—the relationship of flood hazard 
properties to economic loss

4.	 Performance—the effect of flood protection 
and damage mitigation measures in modify-
ing the flood hazard, the exposure, or the 
vulnerability

The NFIP describes flood hazard using water surface 
elevation–exceedance probability functions, referred 
to as PELV curves. The curves, which were developed 
from flood studies in the early 1970s, represent natu-
ral watershed, channel, and tidal and wind behaviors 
throughout the range of possible flood events, and show 
the annual probability that flood waters will reach or 
exceed a given depth relative to the base flood elevation. 
Variations in flood hazard are described with 30 PELV 
curves, representing topographies ranging from broad, 
shallow floodplains to narrow, steep mountain valleys.

The NFIP describes vulnerability by relating 
expected damage to depth of inundation. A depth–

BOX S.1
Study Charge

An ad hoc committee will conduct a study of pricing negatively elevated structures in the National Flood Insurance Program. Specifically, the 
committee will 

1.	� Review current NFIP methods for calculating risk-based premiums for negatively elevated structures, including risk analysis, flood maps, 
and engineering data.

2.	 Evaluate alternative approaches for calculating “full risk-based premiums” for negatively elevated structures, considering current actuarial 
principles and standards.

3.	 Discuss engineering, hydrologic, and property assessment data and analytical needs associated with fully implementing full risk-based 
premiums for negatively elevated structures. 

4.	 Discuss approaches for keeping these engineering, hydrologic, or property assessment data updated to maintain full risk-based rates for 
negatively elevated structures.

5.	 Discuss feasibility, implementation, and cost of underwriting risk-based premiums for negatively elevated structures, including a comparison 
of factors used to set risk-based premiums. 
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percent damage function, referred to as a DELV 
curve, expresses damage as a percentage of a structure’s 
replacement value (the exposure) for a specified depth 
of water in the structure. The NFIP uses two models—
damage functions derived from NFIP claims data and 
U.S. Army Corps of Engineers (USACE) damage 
functions—to develop a blended DELV curve.

The NFIP describes the performance of levees 
and flood storage and diversion by comparing the 
properties of these measures to design and operation 
standards. If a measure meets those standards, then it 
is considered to provide complete protection from the 
1 percent annual chance exceedance flood as well as 
floods with lesser velocities, water surface elevations, 
and discharge rates.

Risk-Based Insurance Rates

The NFIP determines insurance rates for classes of 
structures that share similar characteristics, including 
flood zone, occupancy, type of construction, the loca-
tion of contents in the structure, and the structure’s 
elevation relative to the base flood elevation. The aver-
age annual loss is computed by summing the product 
of the DELV curve for a class of structures and each 
PELV curve, and then averaging the computed losses 
over the set of 30 PELV curves, weighted by the esti-
mated fraction of structures in the various flood zones 
at various elevations. The average annual loss for the 
class of structures is converted to an insurance rate 
for that class by adjusting for expenses, the amount of 
underinsurance (because not all structures can be or are 
insured to their full value), the portion of the claim that 
will not be covered because of the policy deductible, 
and other factors.

NFIP methods for setting risk-based rates focus on 
rating structures that comply with NFIP construction 
standards, and their use has been optimized for struc-
tures with lowest floor elevations at or above the base 
flood elevation. However, the NFIP has applied risk-
based methods to about 240,000 negatively elevated 
structures that have had an elevation survey. The NFIP 
uses the same method to calculate risk-based rates for 
negatively elevated structures, but requires additional 
information to be collected on building construction 
and contents value, a more detailed review of the policy 
application, and possibly verification of building con-

struction details. The additional data are used to adjust 
the rate on a more individualized basis for negatively 
elevated structures.

Overall, the committee found that current NFIP 
methods for setting risk-based rates do not accurately 
and precisely describe critical hazard and vulnerability 
conditions that affect flood risk for negatively elevated 
structures, including very frequent flooding, a longer 
duration of flooding, and a higher proportion of dam-
age from small flood events. In addition, the PELV and 
DELV curves have not been updated with modern data. 
Finally, many NFIP methods were developed decades 
ago and do not take full advantage of modern technolog-
ical and analysis capabilities. Potential changes to NFIP 
methods to address these issues are summarized below.

ALTERNATIVE APPROACHES

The second task of the committee was to evalu-
ate alternative approaches for calculating risk-based 
premiums for negatively elevated structures (Box S.1). 
The committee considered both incremental changes to 
current NFIP methods and different approaches, which 
would require research, development, and standardiza-
tion; new data collection; and user training.

Incremental Changes to Current NFIP Methods

Conclusion 1.  Careful representation of frequent 
floods in the NFIP PELV curves is important for as-
sessing losses for negatively elevated structures. The 
shape of the PELV curve depends primarily on the 
difference between the 1 percent and 10 percent annual 
chance exceedance depths. However, a significant por-
tion of potential losses to negatively elevated structures 
are caused by floods more frequent than those with a 
10 percent annual chance of exceedance. A short-term 
solution is to use information from existing detailed 
flood studies to refine the PELV curves so that they 
define more accurately the water surface elevations for 
frequent floods. If a flood study developed the frequency 
information needed to determine the 1 percent annual 
chance exceedance elevation, it could be easily expanded 
to determine more frequent water surface elevations.

Conclusion 2.  Averaging the average annual loss over 
a large set of PELV curves leads to rate classes that en-
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compass high variability in flood hazard for negatively 
elevated structures, and thus the premiums charged 
are too high for some policyholders and too low for 
others. A short-term means to reduce the excessive 
variance in premiums is to calculate the average annual 
loss component of the flood insurance rate using a water 
surface elevation–exceedance probability function that 
represents the flood hazard at the structure’s location, 
rather than basing the calculation on the 30 PELV 
curves that represent flood hazard nationally. The 
appropriate function might be an existing PELV curve, 
but it is more likely that new categories of water surface 
elevation–exceedance probability functions would have 
to be developed to capture important differences in 
flood hazard conditions. Local meteorological, water-
shed, and floodplain properties (e.g., terrain, presence 
of levees) could be used to guide the selection of the 
appropriate PELV curve or category of water surface 
elevation–exceedance probability functions.

Conclusion 3.  NFIP claims data for a given depth of 
flooding are highly variable, suggesting that inunda
tion depth is not the only driver of damage to struc-
tures or that the quality of the economic damage and 
inundation depth reports that support the insurance 
claims is poor. The NFIP calculates damage from 
inundation depth alone, but other drivers of dam-
age (e.g., duration of inundation, flow velocity, water 
contamination, debris content) may also be important. 
For example, a negatively elevated structure will com-
monly be inundated longer than a structure built above 
the base flood elevation at the same location, and the 
prolonged wetting of material will increase damage. 
Research would be required to determine which drivers 
of flood damage are important and to develop the ap-
propriate damage prediction function for use in the 
rate calculation.

Conclusion 4.  When the sample of claims data is 
small, the NFIP credibility weighting scheme as-
sumes that USACE damage estimates are better than 
NFIP claims data, which has not been proven. The 
DELV model uses both USACE damage estimates 
and NFIP claims data, weighted according to their 
credibility. NFIP claims data are used when the sample 
size is large enough to assign 100 percent credibility at 
a selected confidence level. When NFIP claims data are 

sparse, USACE damage estimates are weighted heavily, 
even though the quality of the damage estimates is 
unknown. With almost 50 years of NFIP claims data, 
it may no longer be necessary to incorporate USACE 
damage models of unknown origin and quality into 
NFIP damage estimates. Instead, the NFIP could build 
a large set of flood damage reports from relevant agen-
cies (e.g., Federal Emergency Management Agency, 
USACE, National Weather Service, state and local 
agencies) and use it to adjust the DELV curves annu-
ally. Having multiple sources of damage data would also 
provide an independent check on NFIP data quality. 
Smaller improvements could be made by determin-
ing the quality of the USACE data—a difficult task 
given the lack of documentation—and revising the 
NFIP credibility scheme to weigh the two datasets 
appropriately.

Conclusion 5.  Levees may reduce the flood risk for 
negatively elevated structures, even if they do not 
meet NFIP standards for protection against the 
1 percent annual chance exceedance flood. The NFIP 
treats levees designed, constructed, and maintained 
to an acceptable standard as preventing damage from 
floods more frequent than those with a 1 percent annual 
chance of exceedance. Levees (or levee segments) that 
do not meet that standard are treated as providing lesser 
or no flood protection. However, these nonaccredited 
levees may provide some protection against the 50 per-
cent and 10 percent annual chance exceedance floods, 
which contribute significantly to losses for negatively 
elevated structures. A short-term change is to modify 
the NFIP Levee Analysis and Mapping Procedure to 
assess the ability of nonaccredited levees to prevent 
inundation of negatively elevated structures by events 
more frequent than the 1 percent annual chance ex-
ceedance flood.

Conclusion 6.  When risk-based rates for negatively 
elevated structures are implemented, premiums 
are likely to be higher than they are today, creating 
perverse incentives for policyholders to purchase 
too little or no insurance. As a result, the concept of 
recovering loss through pooling premiums breaks 
down, and the NFIP may not collect enough premi-
ums to cover losses and underinsured policyholders 
may have inadequate financial protection. The NFIP 
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encourages the purchase of sufficient flood insurance 
to cover the value of the structure, but the mandatory 
purchase statute requires only that the amount of in-
surance cover the outstanding balance of the federally 
backed mortgage, if any. (In addition, the statutory 
limit of $250,000 coverage for single family structures, 
unchanged since 1994, means that many structures 
cannot be insured to their full value). The NFIP 
could discourage the deliberate purchase of too little 
insurance, and fairly compensate for it, by tying the 
underinsurance adjustment to the ratio of the amount 
of insurance purchased to the replacement cost value 
of the structure, as is currently done for structures in 
high-hazard coastal zones. Alternatively, the NFIP 
could reduce loss payments or impose other penalties 
for severely underinsured structures, although public 
policy issues may also have to be considered.

Conclusion 7.  Adjustments in deductible discounts 
could help reduce the high risk-based premiums 
expected for negatively elevated structures. The cur-
rent NFIP minimum deductible ranges from $1,000 
to $2,000 for structure and for contents coverages. 
The NFIP offers premium discounts based on the 
dollar amount of the deductible chosen and whether 
the structure was built before or after floodplain maps 
were adopted by the community. However, more re-
fined PELV curves and more accurate replacement cost 
information in rating policies could be used to develop 
deductible discounts that are more appropriate to indi
vidual expected annual losses. Minimum deductibles 
could also be increased, which would reduce premiums 
as well as NFIP expected claims payouts overall.

New Approach: A Comprehensive Risk Assessment

Conclusion 8.  Modern technologies, including 
analysis tools and improved data collection and 
management capabilities, enable the development 
and use of comprehensive risk assessment methods, 
which could improve NFIP estimates of flood loss. 
A comprehensive risk assessment would describe risk 
over the entire range of flood hazard conditions and 
flood events, including the large, infrequent floods 
that cause substantial losses to the NFIP portfolio, and 
the smaller, frequent floods that make up a significant 
portion of loss to negatively elevated structures. Major 

differences from current NFIP methods include the 
following:

•	 Rather than using a standard set of national 
PELV curves to describe flood hazard, water 
surface elevation–exceedance probability func-
tions would be developed for a study area 
and used to determine the flood hazard for 
individual structures by modeling watershed, 
channel, and floodplain characteristics at fine 
spatial resolution.

•	 In addition to describing the effectiveness of 
levees and flood storage and diversion in pro-
tecting against the 1 percent annual chance 
exceedance flood, a comprehensive risk as-
sessment would describe the various levels of 
protection offered by all elements of a flood 
protection system (e.g., reservoirs, levees, 
floodwalls, diversions and bypasses, channels, 
warning systems) and mitigation measures 
(e.g., elevating structures) through the entire 
range of flood events. 

•	 A comprehensive risk analysis would account 
explicitly for all uncertainties—including 
uncertainties about current and future flood 
hazard; structure value, vulnerability, and ele-
vation; and the current and future performance 
of flood protection measures—and account for 
them through the risk analysis.

These changes would improve both the accuracy and 
precision of flood loss estimates for structures or groups 
of structures, and thus, the accuracy and precision of 
rates based upon the loss estimates.

SUPPORTING DATA

The third and fourth tasks of the committee con-
cern collecting and updating engineering, hydrologic, 
and property assessment data needed for implementing 
risk-based premiums for negatively elevated structures 
(Box S.1). The committee focused on near-term data 
issues, which have been documented or seem likely to 
arise.

Conclusion 9.  Risk-based rating for negatively 
elevated structures requires, at a minimum, structure 
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elevation data, water surface elevations for frequent 
flood events, and new information on structure char-
acteristics to support the assessment of structure 
damage and flood risk. For risk-based rating, the NFIP 
requires an Elevation Certificate, which records the 
elevation of the lowest floor of a structure, measured by a 
land survey. However, the accuracy of the data is difficult 
to confirm. Vehicle-mounted lidar could potentially be 
used to validate structure elevation data on Elevation 
Certificates or to collect structure elevation data at a 
much lower cost. Because lidar measures the highest 
adjacent grade elevation, some work would have to be 
done to convert the data to lowest floor elevations.

The NFIP collects basic information on structure 
characteristics, such as the number of floors and the 
type of supporting foundation, but additional informa-
tion is needed to support models that predict damage 
from inundation, duration of flooding, or other drivers 
of damage at the structure level (see Conclusion 3). 
New data needs include the characteristics and usage of 
basements, the properties of the foundation, the type 
of structure or architecture, the type of interior and ex-
terior finishes, and the quality of construction. Finally, 
water surface elevation predictions for frequent events 
can be extracted from existing or new flood studies. 
Structure elevations and, in some cases, flood studies 
would have to be updated following a major flood event 
or the accumulation of sufficient vertical land motion 
to change the rate class. Structure characteristics would 
have to be updated after a major renovation.

Conclusion 10.  The lack of uniformity and control 
over the methods used to determine structure re-
placement cost values and the insufficient quality 
control of NFIP claims data undermine the accuracy 
of NFIP flood loss estimates and premium adjust-
ments. The NFIP obtains replacement cost data from 
insurance companies and agents, who use their own 
methods to make estimates. Replacement cost values 
could potentially be improved by (1) requiring all insur-
ance companies and agents to use a single cost estima-
tion method or (2) purchasing data already collected 
by private companies that use consistent methods to 
estimate replacement costs across the nation. Having 
multiple sources of replacement cost data would enable 
the NFIP to assess data quality and to choose which 

source is best for rating purposes. Replacement cost 
values would have to be updated following a disaster, 
structural modification, or a major socioeconomic 
change in the community.

Inconsistent replacement cost data and inaccurate 
and incomplete damage data may contribute to the 
documented variability in NFIP claims data for a given 
depth of inundation (see Conclusion 3). Data quality 
could be improved by collecting more data in damage 
reports, implementing a more thorough quality control 
and review process, or strengthening requirements on 
how data are collected and reported.

FEASIBILITY, IMPLEMENTATION,  
AND COST

The fifth task of the committee was to discuss the 
feasibility, implementation, and cost of underwriting 
risk-based premiums for negatively elevated structures 
(Box S.1). Changes to the water surface elevation–
exceedance probability functions and the flood damage 
functions would strengthen the scientific and technical 
foundation for setting risk-based rates for negatively 
elevated structures. The incremental changes to PELV, 
DELV, and levee performance summarized above 
could be implemented quickly and at low or moderate 
cost (e.g., a few person months to a few person years). 
However, over the longer term, implementing a com-
prehensive risk analysis methodology and developing 
site-specific flood hazard descriptions, models that 
predict damage from multiple drivers, and probabi-
listic models that describe the performance of flood 
risk reduction measures would yield a much improved 
assessment of flood losses, and thereby strengthen the 
foundation for rate setting. Work done by other agen-
cies (e.g., USACE) demonstrates that these changes are 
feasible. Implementation could be done in stages, and 
the use of relevant information, models, and analysis 
methods developed by other government agencies (e.g., 
USACE data on structures and derived information on 
hazard and performance) would speed the work and 
stretch NFIP resources. The changes outlined above 
will improve the accuracy and precision of loss esti-
mates for negatively elevated structures, which in turn 
will increase the credibility, fairness, and transparency 
of premiums for policyholders.
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Floods take a heavy toll on society, costing lives, 
damaging homes and property, and disrupting 
businesses and livelihoods (e.g., Figure 1.1). Of 

all natural disasters, floods are the most costly (Miller et 
al., 2008) and affect the most people (Stromberg, 2007). 
Since 1953, nearly two-thirds of presidential disaster 
declarations—which trigger the release of federal funds 
for community recovery and relief—have been flood 
related. Moreover, the number of flood disaster dec-
larations has increased over the past 60 years, from an 
average of about 8 per year in the 1950s to a record high 
of 51 in 2008 and 2010 (Figure 1.2). Flood losses are 
increasing because more people are living in harm’s way; 
more expensive homes are being built in the floodplain 
(Michel-Kerjan, 2010); and development in watersheds 
and climate changes, such as sea level rise and more 
frequent heavy rainstorms (IPCC, 2012; Melillo et 
al., 2014), are increasing flood risk (the likelihood and 
consequence of flooding) in some areas.

The National Flood Insurance Program (NFIP) 
was created in 1968 to reduce the flood risk to indi
viduals and their reliance on federal post-disaster 
aid. The program enabled residents and businesses 
to purchase federal flood insurance if their commu-
nity adopted floodplain management ordinances and 
minimum standards for new construction in floodprone 
areas. Insurance rates for new structures were intended 
to reflect the risk of flooding (i.e., risk-based rates), 
with rates depending on structure elevation and other 
factors. Rates for existing structures were subsidized 
to keep property values from dropping immediately and 
to encourage communities to participate in the NFIP 

and manage development in the floodplain. Within 
NFIP participating communities, flood insurance is 
mandatory for homes and businesses with a federally 
backed or regulated mortgage in high flood risk areas 
(called Special Flood Hazard Areas), and is available 
for homes and businesses in moderate to low flood 
risk areas.

Today, about 20 percent of the NFIP’s 5.5 million 
policies receive subsidized flood insurance rates. Sub
sidized structures are located across the nation, with the 
largest concentrations along the coasts (NRC, 2015). 
Rates for subsidized structures do not depend on eleva-
tion (although elevation affects risk), and so only a few 
of these structures have been surveyed to determine 
their elevation. However, most subsidized structures 
are thought to be negatively elevated (see Figure 7.2 in 
PWC, 1999),1 that is, to have lowest floor elevations 
lower than the base flood elevation. This is the water 
surface elevation with 1 percent annual chance of being 
exceeded, and it is the NFIP benchmark for construc-
tion standards and floodplain management ordinances. 
Structures with lowest floor elevations equal to the base 
flood elevation have a 26 percent chance of flooding 
during the lifetime of a 30-year mortgage (compared 
with a 1–2 percent chance of catching fire; FEMA, 
1998). Negatively elevated structures have a much 
higher chance of flooding over the same period and a 
greater potential for damage.

1 Personal communication from Andy Neal, Federal Emergency 
Management Agency (FEMA), on July 9, 2014. The NFIP has 
elevation data for only 2.2 million policies, most of which are 
charged actuarial rates. 

1

The National Flood Insurance Program and the  
Need for Accurate Rates
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R02820 Fig 1.1.eps
bitmap

FIGURE 1.1  Flooding of homes and businesses in Minot, North Dakota, in July 2011, when the Souris River (also known as the 
Mouse River) overflowed its banks. SOURCE: Photo by Patsy Lynch, Federal Emergency Management Agency (FEMA). Available at 
http://www.fema.gov/media-library/assets/images/59875.

FIGURE 1.2  Number of presidential disaster declarations (black line) and declarations associated with flood-related events (blue 
line) from 1953 to 2013. SOURCE: Data from FEMA, http://www.fema.gov/disasters/grid/year.R02820 Fig 1.2.eps
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FIGURE 1.3  The flood risk to a structure depends in part on the elevation of the lowest floor of a structure (red and blue horizontal 
lines) relative to the base flood elevation (BFE). (Left) A typical water surface elevation–probability function. Compared to structures 
built above the base flood elevation, negatively elevated structures have a greater probability of inundation with shallower depths, and 
they are inundated to greater depths by lower probability events. (Center) A typical flood hydrograph for riverine flooding. Because 
negatively elevated structures are lower in the floodplain, a given flood will commonly inundate them for a longer period of time than 
structures above the base flood elevation.

With the passage of the Biggert-Waters Flood 
Insurance Reform Act of 20122 and subsequent leg-
islation, subsidies are beginning to be phased out and 
premiums are expected to rise to levels that reflect the 
full risk of flooding (see “National Flood Insurance 
Program” below). Premium increases for those nega-
tively elevated structures are likely to be substantial, 
given the high flood risk and loss of the large subsidy. 
The NFIP’s current method for calculating risk-based 
rates was developed for structures built at or above the 
base flood elevation, but negatively elevated structures 
are susceptible to different flood conditions (e.g., more 
frequent flooding) and drivers of loss and damage (e.g., 
deeper and longer duration of flooding; Figure 1.3). 
Adjustments to account for these conditions in the rate 
setting method may be necessary to ensure that rates 
for negatively elevated structures are credible and fair.

This report evaluates methods for calculating risk-
based premiums for negatively elevated structures and 
examines data and analysis needed to support risk-
based premiums for these structures, as well as issues 
of feasibility, implementation, and cost of underwriting 
risk-based premiums for negatively elevated structures 
(Box 1.1). As specified in the charge, the focus is on the 
methods for calculating premiums, not on what those 

2 Public Law 112-141.

premiums should be. A separate report (NRC, 2015) 
addresses the affordability of NFIP insurance premi-
ums. At the request of the NFIP, the analysis focused 
on single family homes, which make up the majority 
of NFIP policies.

NATIONAL FLOOD INSURANCE PROGRAM

Insurance provides a means for an individual 
or business to transfer the risk of potential losses to 
another entity in exchange for payment of a premium. 
In the early part of the 20th century, private flood 
insurance was offered in some areas, but was not 
widely available because of inadequate information for 
projecting the cost of future flood losses, the potential 
for catastrophic losses for insurers, and the expecta-
tion that only those at high risk of flooding would 
seek insurance, thus diminishing the ability to spread 
risk (Pasterick, 1988). State regulation of insurance 
prices and tax policies limiting the ability to build ade
quate reserves added further disincentives for private 
companies to offer flood insurance. Private insurance 
companies stopped covering flood losses in 1929, a few 
years after a Mississippi River flood inundated 13 mil-
lion acres of land and left more than 700,000 people 
homeless (AIR, 2005).

R02820 Fig 1.3.eps
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After devastating flooding from Hurricane Betsy 
triggered losses of more than $11 billion (in 2014 
dollars; Michel-Kerjan, 2010) in 1965, the federal 
government began studying the feasibility of offer-
ing flood insurance (AIR, 2005). A few years later, 
Congress passed the National Flood Insurance Act of 
1968,3 which established the National Flood Insurance 
Program. The program set minimum standards for 
development in the floodplain (i.e., elevating structures 
to at least the base flood elevation, limiting develop-
ment in designated floodways) and offered federal flood 
insurance to residents and businesses in communities 
that agreed to adopt and enforce ordinances that meet 
or exceed NFIP standards. Under the program, feder-
ally funded engineering studies and modeling would be 
used to assess and map flood hazards. This information 
would be used to promote better land use and construc-
tion decisions, and thereby reduce future flood losses 
as the vulnerability to inundation diminished over 
time. It would also be used to support insurance rate 
setting. The Federal Emergency Management Agency 
currently administers the NFIP, sets insurance rates 
commensurate with program guidelines, and carries out 
floodplain mapping and analysis to support rate setting 
and floodplain management.

The NFIP was modeled after personal lines of 
insurance (e.g., homeowners, automobile), with risks 

3 Public Law 90-448.

grouped into classes and limited use of individual risk 
ratings. However, NFIP insurance differed from private 
insurance in three key ways. First, the NFIP was not ini-
tially capitalized. Rather than hold sufficient funds for 
eventual heavy flood losses, the program would receive 
an infusion of funds from the federal treasury when 
necessary. Limited borrowing authority from the federal 
treasury would provide a short-term backstop to enable 
insured claims to be paid in cases of high losses. Second, 
the NFIP could not choose who would be insured. All 
residents and businesses in a participating community 
would have access to NFIP flood insurance, even the 
high risk policyholders. Third, owners of existing homes 
and businesses (the majority of policyholders) were 
charged premiums that were significantly lower than 
warranted by their risk of flooding. It was anticipated 
that over time, older floodprone construction would 
be removed from the policyholder base, and the new 
policyholders would pay risk-based rates. No provision 
was made to cover the premium shortfall, such as rou-
tinely infusing funds into the program or building addi
tional charges into premiums for newer construction.

Over the years, Congress made a number of ad-
justments to the NFIP. A changing mix of incentives 
and penalties, coupled with periodic reminders of the 
adverse consequences of flooding, led to significant 
growth of the program. The number of policies issued 
rose from about 1.5 million in 1978 to 5.5 million at 

BOX 1.1
Study Charge

An ad hoc committee will conduct a study of pricing negatively elevated structures in the National Flood Insurance Program. Specifically, the 
committee will 

1.	� Review current NFIP methods for calculating risk-based premiums for negatively elevated structures, including risk analysis, flood maps, 
and engineering data.

2.	 Evaluate alternative approaches for calculating “full risk-based premiums” for negatively elevated structures, considering current actuarial 
principles and standards.

3.	 Discuss engineering, hydrologic, and property assessment data and analytical needs associated with fully implementing full risk-based 
premiums for negatively elevated structures. 

4.	 Discuss approaches for keeping these engineering, hydrologic, or property assessment data updated to maintain full risk-based rates for 
negatively elevated structures.

5.	 Discuss feasibility, implementation, and cost of underwriting risk-based premiums for negatively elevated structures, including a comparison 
of factors used to set risk-based premiums. 
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FIGURE 1.4  NFIP statistics by calendar year. (Top) Total number of policies in force. (Bottom) Total coverage of NFIP policies in mil-
lions, not adjusted to a common year. In 2012 dollars, coverage rose from $178 billion in 1978 to $1.3 trillion in 2013. SOURCE: 
FEMA, http://www.fema.gov/statistics-calendar-year.

the end of 2013 (Figure 1.4, top). In addition, the 
total value of property insured by the NFIP rose from 
$178 billion in 1978 (in 2012 prices) to $1.3 trillion 
in 2013 (Figure 1.4, bottom). The increase in insured 
value has been attributed to two factors: (1) policy-
holders purchase nearly twice as much flood insurance 
as they did 30 years ago4 and (2) the population and 

4 Homeowners can obtain coverage up to $250,000 for structures 
and $100,000 for contents. Inflation-corrected data show that the 

number of policyholders has increased substantially in 
coastal states, which now account for a large portion 
of the NFIP portfolio (Michel-Kerjan, 2010). Some 
important changes to the NFIP over its history are 
summarized below.

average quantity of insurance per policy almost doubled over 30 years, 
from $114,000 in 1978 to $217,000 in 2009 (Michel-Kerjan, 2010).

R02820 Fig 1.4 bottom.eps
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Evolution of the NFIP

The NFIP began operations in 1969, and a consor-
tium of private companies (the National Flood Insurers 
Association) was established to sell and service NFIP 
flood insurance policies (AIR, 2005). At the time, the 
purchase of flood insurance was not required. In 1972, 
Hurricane Agnes revealed that few property owners 
had availed themselves of NFIP flood insurance. The 
Flood Disaster Protection Act of 19735 made insurance 
purchase mandatory for any resident with a federally 
backed mortgage in an NFIP-participating commu-
nity. Lenders were responsible for ensuring that this 
requirement was carried out. To encourage acceptance 
of the new insurance purchase requirements, insurance 
subsidies were expanded to cover structures built after 
initial floodplain mapping, but before 1975, and the 
subsidized rates were substantially lowered. As a result, 
community and state participation in the NFIP greatly 
expanded and the number of policies increased.

Other public policy decisions made in the 1970s 
concerned changing flood risks. Development in the 
floodplain and other factors (e.g., climate change) 
might increase the flood risk for some structures that 
had been built in compliance with NFIP standards. To 
prevent large increases in premiums, these structures 
were allowed to retain their lower risk rating classifica-
tion if conditions beyond the control of the property 
owner later increased the flood risk. This practice is 
often referred to as administrative grandfathering. It 
was anticipated that the rates for classes with grand
fathered properties would have to be adjusted over time 
to reflect the mix of some higher risk properties.

In the 1970s, most of the properties in the NFIP 
were older construction and received subsidized insur-
ance rates. Consequently, the premiums collected were 
insufficient to cover the annual costs of the program. 
From 1981 to 1988, rates were increased and cover-
age was changed to reduce premium subsidies and to 
improve the financial condition of the NFIP. Another 
major change concerned private insurance company 
participation in the NFIP. In 1977, the National Flood 
Insurers Association dissolved its relationship with the 
NFIP because of disagreements about authority, finan-
cial control, and other operational matters (AIR, 2005). 
In 1983, the Write Your Own Program reestablished 

5 Public Law 93-234.

a relationship with insurance companies, allowing 
them to sell and service the standard NFIP policies in 
their own names, without bearing any of the risk, in 
exchange for a fee. The objective was to use insurance 
industry knowledge and capabilities to increase the size 
and geographic distribution of the NFIP policy base 
and to improve service to NFIP policyholders.6

In the late 1980s, it became clear that older flood-
prone construction was only slowly being removed from 
the policyholder base, and so mitigation began to be 
considered. The Robert T. Stafford Disaster Relief and 
Emergency Assistance Act of 19887 authorized fund-
ing for hazard mitigation projects aimed at reducing the 
risk of future flood damage or loss, such as elevating 
buildings, utilities, or roads; increasing the capacity of 
storm drainage systems; restoring wetlands or land-
forms that provide natural flood protection; or remov-
ing structures that are flooded repeatedly. In 1990, the 
NFIP implemented the Community Rating System, 
which rewarded community floodplain management 
efforts that go beyond minimum NFIP standards. 
Under the Community Rating System, communities 
receive points for taking additional actions related to 
flood hazard mapping and regulations, flood damage 
reduction, flood preparedness, and public education 
about flood risk in Special Flood Hazard Areas. These 
points are translated into discounts on insurance pre-
miums for policyholders in that community.8

In 1993, record flooding in the upper Mississippi 
and lower Missouri River basins showed that only 
about 10 percent of properties eligible for flood insur-
ance were insured (AIR, 2005). The NFIP Reform Act 
of 19949 introduced monetary penalties for lenders who 
do not enforce federal flood insurance requirements 
and denied future federal disaster assistance to prop-
erty owners who allowed their flood insurance policy 
to lapse after receiving disaster assistance. In the late 

6 See http://www.fema.gov/national-flood-insurance-program/
what-write-your-own-program.

7 Public Law 100-707.
8 Currently about two-thirds of all NFIP insurance policies in 

force are in Community Rating System communities. Approximate-
ly 56 percent of participating communities take actions that earn 
premium discounts of 5–10 percent, and 43 percent of communi
ties earn discounts of 15–25 percent. Only a few communities earn 
premium discounts of 30–45 percent. See the Community Rating 
Fact Sheet, http://www.fema.gov/media-library-data/20130726-
1605-20490-0645/communityratingsystem_2012.pdf.

9 Public Law 103-325.
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1990s and early 2000s, Congress turned its attention 
to properties that flooded repeatedly. The Flood Insur-
ance Reform Act of 200410 targeted mitigation funding 
toward the worst repetitive loss properties and denied 
subsidized premiums to property owners who refused 
mitigation assistance.

From 1987 to 2005, the NFIP had been able to 
use premium income to repay funds it borrowed from 
the U.S. Treasury to cover insured flood losses. Pre-
mium income was set to cover the historical average 
loss year, from 1978 to present. In 2005, hurricanes 
Dennis, Katrina, Rita, and Wilma struck, causing the 
first truly catastrophic losses to the NFIP in its history 
(Figure 1.5). In fact, NFIP claims from these hurri-
canes, which were nearly $19 billion, exceeded the total 
losses of the program over its history (AIR, 2005). In 
December 2013, the NFIP owed the Treasury $24 bil-
lion, primarily to pay claims associated with hurricanes 
Katrina and Sandy (GAO, 2014).

A recent review of the NFIP concluded that “the 
NFIP is constructed using an actuarially sound for-
mulaic 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 

10 Public Law 108-264.

actuarial considerations” (NRC, 2013, p. 79). The 
Biggert-Waters Flood Insurance Reform Act of 2012 
aimed to put the NFIP on sounder financial footing 
by authorizing higher premiums to build up program 
reserves in advance of heavy loss years. The act also 
phased out subsidized and grandfathered insurance 
rates over several years. However, if a policy lapsed or 
the structure was sold, then the owner would then be 
charged the risk-based rate based on the latest flood 
maps.11 Premiums began increasing at the end of 2013, 
and some of these increases were large. The Home-
owner Flood Insurance Affordability Act of 201412 
rolled back these large, sudden increases and gave the 
NFIP the flexibility to set annual rate increases up to 
18 percent for most policies.13 Although the goal of 
phasing in risk-based rates has not changed, the annual 
rate increase that the NFIP chooses will determine how 
long it will take to reach this goal.

11 A recent analysis of the NFIP portfolio revealed that the 
average tenure of flood insurance is between 3 and 4 years, so this 
provision is likely to affect a significant number of homeowners 
(Michel-Kerjan et al., 2012).

12 Public Law 113-89.
13 See the overview of the Homeowner Flood Insurance Afford-

ability Act, http://www.fema.gov/flood-insurance-reform.

FIGURE 1.5  Annual insured claims paid by the NFIP, unadjusted to a common year. SOURCE: FEMA, http://www.fema.gov/
statistics-calendar-year. R02820 Fig 1.5.eps
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ORGANIZATION OF THE REPORT

This report examines methods for calculating risk-
based rates for negatively elevated structures in the 
NFIP. Chapter 2 provides an overview of current NFIP 
methods for calculating flood insurance rates, as well 
as the flood studies and mapping used to support rate 
setting. Setting risk-based insurance rates depends on 
an accurate assessment of flood risk—the magnitude of 
flood loss and the likelihood that losses of that mag-
nitude will occur. Chapter 3 compares the NFIP and 

other methods for assessing flood risk and calculating 
flood losses. Chapter 4 identifies factors that affect 
negatively elevated structures and changes to NFIP 
methods that could address them. Finally, Chapter 5 
presents the committee’s conclusions and discusses data 
and implementation issues. Biographical sketches for 
the committee members (Appendix A), a glossary of 
technical terms used in this report (Appendix B), and a 
list of acronyms and abbreviations (Appendix C) appear 
at the end of the report.
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Under the National Flood Insurance Program 
(NFIP), engineers carry out hydrologic and 
hydraulic analyses to describe flood hazard, 

calculate flood elevations, delineate floodplain bound-
aries, and designate flood zones for insurance rating. 
The results of the flood studies are summarized in 
reports and portrayed graphically on Flood Insurance 
Rate Maps (FIRMs). The NFIP, Write Your Own 
Companies, and insurance agencies use the maps to 
determine whether a structure being insured is located 
in a Special Flood Hazard Area, and, if so, its elevation 
relative to the base flood elevation. This information is 
combined with additional information about the flood 
hazard, exposure to the hazard, structure characteris-
tics, expenses, and other factors to determine insurance 
rates. This chapter provides an overview of NFIP flood 
studies, Flood Insurance Rate Maps, and methods for 
calculating flood insurance rates.

FLOODPLAIN ANALYSIS AND MAPPING

NFIP flood study methods and maps were re-
viewed in detail in Mapping the Zone: Improving Flood 
Map Accuracy (NRC, 2009), and are summarized below.

Flood Studies

The type of flood study depends on the type of 
flood hazard, primarily riverine or coastal. Riverine 
flood studies focus on the river’s watershed, precipi-
tation, the topography along the river and adjacent 
floodplain, and the hydraulic characteristics of the river 

2

NFIP Procedures for Analyzing Flood Hazard  
and Calculating Insurance Rates

and floodplain. The studies involve the following steps, 
which are illustrated in Figure 2.1:

1.	 Hydrologic analyses are conducted to estimate 
the river discharge rate with 1 percent annual 
chance of exceedance. Depending on data 
availability, the discharge rate is estimated 
using (a) statistical analyses of historical an-
nual maximum discharges measured at stream 
gages; (b) regression equations derived from 
observations at similar locations in the region 
to estimate the 1 percent annual chance ex-
ceedance discharge as a function of drainage 
area and other river basin characteristics; or 
(c) precipitation-runoff models, which convert 
rainfall and snowmelt to stream discharge rates. 
These calculations are based on past events and 
do not account for changing hydrologic condi-
tions resulting from watershed development, 
increased storm intensity, or other factors.

2.	 Hydraulic modeling is carried out to determine 
the depths that correspond to the river discharge 
rates estimated in the hydrologic analyses. 
Software applications such as HEC-RAS are 
commonly used to model the movement of 
water. HEC-RAS simulates flow that is pre-
dominantly parallel to the channel, based on 
the geometry of the channel and floodplain, the 
slope of the channel and ground, the resistance 
to flow due to channel roughness and bridges 
and obstructions, and ponding and pooling of 
water in the channel and on the floodplain. In 
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FIGURE 2.1  Schematic of an idealized riverine flood study showing the data inputs (rounded boxes), models and methods used in 
the hydrologic and hydraulic analysis (boxes), and outputs (circles), including the flood discharge (Qp) and the water surface elevation 
(WSE). Note: DEM = digital elevation model. SOURCE: NRC (2009).

the analysis, levees that meet NFIP standards 
are modeled as blocking flow onto the flood-
plain, and levees that do not meet the standard 
are modeled as if they fail to protect. This model 
accounts for the loss of natural water storage in 
the floodplain. The result of the computation 
is an estimated base flood elevation for a cross 
section of the channel and floodplain. When 
flow patterns are more spatially variable, a two-
dimensional hydraulic model is used to compute 
the maximum water surface elevation for cells or 
polygons that represent the channel and flood-
plain geometry.

3.	 Comparisons of estimated water surface eleva-
tions at river cross sections (or cells or polygons) 
to the ground elevations along the river are 
made to define the extent and properties of the 
inundated floodplain. If the computed water 
surface elevation for a point or cell is greater 
than the ground elevation, then the point or 
cell will be inundated by the 1 percent annual 
chance exceedance flood and the difference 

between the two elevations is the inundation 
depth. Ground elevations are estimated using 
topographic data collected in field surveys or 
taken from digital elevation models derived 
from aerial surveying (photogrammetry) or, 
since the early 2000s, from remote sensing 
technologies, such as lidar (light detection and 
ranging).

The same process is followed for the 0.2 percent 
annual chance exceedance flood and delineation of the 
moderate flood hazard area. The studies also establish 
the floodway—the stream channel and adjacent part of 
the floodplain that must remain open to permit passage 
of the 1 percent annual chance exceedance discharge, 
and thus prevent an increase in flood levels.

Coastal flood studies are similar to riverine flood 
studies, but they also assess the effects of storm surge 
(water piled up against the shore during a storm) and 
tidal- and wind-driven wave action. The studies use 
data on fetch (the distance over water that the wind 
blows in a single direction), near-shore terrain and 
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water depths, and wind speed to predict storm surge 
properties. Data on past storms from gages and historic 
high water marks are used with statistical and concep-
tual models to determine the storm surge elevations 
that have a 1 percent chance of being exceeded annu-
ally. Next, transects perpendicular to the shoreline are 
surveyed to determine onshore and offshore ground 
elevations. The elevations are then used to compute 
the height of wave crests and wave run-up (the rush 
of waves up a slope or structure). For coastal flooding, 
the base flood elevation is the stillwater elevation plus 
wave run-up, or the wave crest elevation, whichever is 
greater (FEMA, 2011).

Flood studies can be expensive (up to a few tens of 
thousands of dollars per stream mile; NRC, 2009), so 
the NFIP strategy is to carry out the detailed studies 
described above in densely populated areas. In rela-
tively unpopulated areas, the NFIP generally conducts 
approximate studies, which use existing flood data 
and floodplain information (e.g., historic high water 
marks, aerial photographs of previous floods, empirical 
information on stream characteristics) to generate an 
approximate outline of the Special Flood Hazard Area. 
Because detailed hydraulic analyses are not performed, 
base flood elevations are generally not determined in 
approximate studies.

Flood Insurance Rate Maps

Results from flood studies are portrayed graphi-
cally on FIRMs, which show flood hazard areas and 
flood zones, and may also show base flood elevations, 
floodways, and other data. An example of a FIRM in a 
riverine area is shown in Figure 2.2. FIRMs are used for 
a variety of purposes, including rating flood insurance 
policies; regulating new development in floodprone 
areas; determining whether flood insurance must be 
purchased as a condition of a loan; and local flood miti-
gation planning, evacuation, and infrastructure design.

About one-third of the nation’s 3.5 million miles 
of rivers and coasts has been mapped, covering more 
than 90 percent of the U.S. population (NRC, 2009). 
Only about half of those maps have flood elevations. 
Moreover, the age and quality of these maps vary. In 
2008, half of the NFIP’s map panels were more than 15 
years old, and 8 percent were 10 to 15 years old (GAO, 
2008; Michel-Kerjan, 2010). Flood study results are 

presumed representative of current flood hazard for 
5 years, after which time they are examined and identi-
fied as representative and appropriate or in need of up-
dating.1 Current funding levels are sufficient to update 
existing flood studies, but not to map new areas or to 
increase the number of miles with base flood elevations.

FIRMs delineate areas of high, moderate, and mini-
mal flood hazard. These areas are labeled as particular 
flood zones based on the type of flooding (e.g., riverine, 
coastal, shallow), whether detailed hydraulic analyses 
were performed (and thus whether base flood elevations 
were calculated), and the presence of flood protection 
measures. These zones, which are described in Table 2.1, 
are used in the insurance rate setting process. Some of 
the zones have been renamed (e.g., Zone X [shaded] 
has replaced Zone B) or grouped into larger categories 
(e.g., Zone AE has replaced zones A1–A30). Because it 
can take many years to carry out the engineering studies 
needed to create a new FIRM or revise an existing 
FIRM, the older zone designations are still found on 
some flood maps.

NFIP INSURANCE RATES

The National Flood Insurance Act of 1968 estab-
lished two broad categories of insurance rates for the 
NFIP:2

1.	 risk-based rates (also called actuarial rates), 
based on flood risk and accepted actuarial 
principles (e.g., premium income covers losses 
and costs of providing insurance; rates are fair, 
reasonable, and not unfairly discriminatory; 
Mathewson et al., 2011); and 

2.	 subsidized rates for certain older structures, 
based on considerations that would yield rea-
sonable premiums while encouraging floodplain 
management and the widespread purchase of 
flood insurance.

An overview of how rates are determined for these two 
categories is presented below.

1 Presentation to the committee by Doug Bellomo, Director, Risk 
Analysis Division, FEMA, on January 6, 2014.

2 Public Law 90-448.
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FIGURE 2.2  Portion of a Flood Insurance Rate Map of Ward County, North Dakota, which flooded in 2011 (see Figure 1.1). Dark 
gray areas denote the Special Flood Hazard Area (AE and A zones), and light gray denotes areas of moderate flood risk (shaded X 
zone). Levees along portions of the river (dotted lines) are credited as protecting areas from the 1 percent annual chance exceedance 
flood. Diagonal lines show where cross sections were taken. SOURCE: FEMA Map Service Center (map item ID 38101C0781D).

R02820 Fig 2.2_paint.eps
bitmap
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TABLE 2.1  NFIP Flood Zones

Hazard Level Zone Description

Special Flood Hazard Areas

High A Areas subject to inundation by the 1 percent annual chance exceedance flood. Because detailed hydraulic 
analyses have not been performed, no base flood elevations (BFEs) or flood depths are shown.

AE, A1–A30 Areas subject to inundation by the 1 percent annual chance exceedance flood determined by detailed methods. 
BFEs are shown within these zones. Zone AE is used on new and revised maps in place of zones A1–A30.

AH Areas subject to inundation by 1 percent annual chance exceedance flood (usually areas of ponding) where 
average depths are 1–3 feet (shallow flooding). BFEs derived from detailed hydraulic analyses are shown within 
this zone.

AO Areas subject to inundation by 1 percent annual chance exceedance flood (usually sheet flow on sloping terrain) 
where average depths are 1–3 feet (shallow flooding). Average flood depths derived from detailed hydraulic 
analyses are shown within this zone.

AR Areas that result from the decertification of a previously accredited flood protection system that is determined 
to be in the process of being restored to provide base flood protection.

A99 Areas subject to inundation by the 1 percent annual chance exceedance flood, but which will ultimately be 
protected upon completion of an under-construction federal flood protection system. In these areas, enough 
progress has been made on the construction of a protection system, such as dikes, dams, and levees, to consider 
it complete for insurance rating purposes. Zone A99 may be used only when the flood protection system has 
reached specified statutory progress toward completion. No BFEs or flood depths are shown.

V Areas along coasts subject to inundation by the 1 percent annual chance exceedance flood with additional 
hazards associated with storm-induced waves. Because detailed coastal analyses have not been performed, no 
BFEs or flood depths are shown.

VE, V1–V30 Areas along coasts subject to inundation by the 1 percent annual chance exceedance flood with additional 
hazards due to storm-induced velocity wave action. BFEs derived from detailed hydraulic coastal analyses are 
shown within these zones. Zone VE is used on new and revised maps in place of zones V1–V30.

Other Areas

Moderate B, X (shaded) Moderate risk areas within the 0.2 percent annual chance exceedance floodplain, areas of 1 percent annual 
chance exceedance inundation where average depths are less than 1 foot, areas of 1 percent annual chance 
exceedance inundation where the contributing drainage area is less than 1 square mile, and areas protected 
from the 1 percent annual chance exceedance flood by a levee. No BFEs or flood depths are shown. Zone X 
(shaded) is used on new and revised maps in place of Zone B.

Minimal C, X (unshaded) Minimal risk areas outside the 1 percent and 0.2 percent annual chance exceedance floodplains. No BFEs or 
flood depths are shown. Zone X (unshaded) is used on new and revised maps in place of Zone C.

Undetermined D Unstudied areas where flood hazards are undetermined, but flooding is possible.

SOURCE: FEMA Map Service Center.

Risk-Based Rates

Risk-based rates are charged for post-FIRM struc-
tures in all flood zones and for pre-FIRM structures 
in areas of moderate and minimal flood hazard (Hayes 
and Neal, 2011). Rates are calculated by estimating 

the average annual loss (in dollars) from flooding, 
then adjusting for program costs (Box 2.1). NFIP 
estimates of average annual loss are made using the 
NFIP hydrologic method, which has two components 
(FEMA, 2013d):
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1.	 a description of the hazard that estimates the 
probability of various depths of flood water in 
the structure (denoted PELV in the rate for-
mula), based on selected NFIP hydrologic and 
hydraulic analyses; and

2.	 a description of exposure and vulnerability that 
estimates the damage that flood water depths 
would cause (denoted DELV), based on NFIP 
claims from similar inundation depths.

The average annual loss is calculated by summing the 
probability-weighted estimate of damage amounts for 
each possible inundation depth within the structure.

The average annual loss is converted into an insur-
ance rate by adjusting for expenses and other factors 
(the second term of the formula in Box 2.1). Rates are 
adjusted upward (loaded) to account for loss adjuster 
fees and claims investigations costs (LADJ) as well 
as agent commissions and acquisition expenses and 
contingencies (EXLOSS). The rates are also adjusted 
upward to account for underinsurance (UINS; i.e., the 
insured value is less than the full value of the prop-
erty). Rates are adjusted downward to account for the 
portion of the claim that will not be covered because 

of the policy deductible (DED). It should be noted that 
the rate formula presented here is a simplification useful 
for illustrating the concepts. The actual rate formula 
employed by the NFIP contains more complicated 
terms for adjusting for underinsurance and for comput-
ing rates for basic and additional limits of insurance 
coverage (see Hayes and Neal, 2011).

Application of the rate formula yields a price per 
unit of insurance for each $100 of property coverage. 
The rate is multiplied by the amount of insurance being 
purchased to determine the premium a policyholder 
pays. In Community Rating System communities, 
policyholders receive premium discounts for mitigation 
actions taken to reduce flood risk in the community, 
such as improving drainage systems (see Chapter 1, 
“National Flood Insurance Program”). Individual 
policyholders can also reduce their premiums through 
mitigation, for example, by elevating their home or 
business. In such cases, the average flood losses will be 
lower, and the insurance rating will be redone using the 
revised rating elements. The effect of most substantive 
mitigation actions can be accommodated in the current 
rate setting process. The impact on rates and the costs 
of mitigation actions, including those not covered in 

BOX 2.1 
NFIP Formula for Calculating Risk-Based Rates

The NFIP actuarial rate formula for calculating risk-based rates is as follows:

RATE PELV DELV
LADJ DED UINS

EXLOSS
,i i

i Min

Max

∑ ( )= ×





 × × ×

=

where

PELV is the annual probability that flood waters will reach or exceed a given depth relative to the base flood elevation 
PELVi is the incremental probability that the flood water depths are in a certain interval
DELV is the damage to the property, expressed as a percentage of the total property value (replacement value for structure, actual cash value for 

contents), resulting from that level of flood water
DELVi is the average damage within a certain depth interval corresponding to PELVi

Min is the minimum elevation relative to the lowest floor at which flood damage occurs
Max is the elevation relative to the lowest floor at which flood damage approaches a maximum
LADJ is a loading factor to account for loss adjustment expenses
DED is a factor to eliminate that portion of the loss that will be borne by the policyholder through his or her deductible
UINS is a factor to adjust for how much a policyholder has underinsured his or her property
EXLOSS is the expected loss ratio, which serves as a loading for underwriting expenses, a contingency factor, and other factors

SOURCE: FEMA (2013d).
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current rate setting and underwriting processes (e.g., 
residential floodproofing), are being investigated by the 
NFIP (FEMA, 2015).

The hydrologic method is used to determine 
risk-based rates in Special Flood Hazard Area zones, 
where the most detailed engineering studies are carried 
out and base flood elevations are established. About 
one-third of the risk-based insurance policies cover 
structures in other zones (e.g., Zone X; Hayes and 
Neal, 2011).3 In these zones, the NFIP has determined 
that the costs to develop flood magnitude and prob-
ability functions are too high relative to the program’s 
floodplain management benefits (Hayes and Neal, 
2011). Consequently, risk-based rates in these zones 
are based on extrapolations of the hydrologic method, 
along with other actuarial and engineering judgments 
and underwriting experience.

The insurance premium paid by a flood insurance 
policyholder depends on the flood zone, occupancy 
(e.g., single family, nonresidential), construction (e.g., 
no basement), the location of contents (e.g., lowest 
floor, above the lowest floor), the number of floors, 
the type of supporting foundation, and the structure’s 
elevation relative to the base flood elevation (FEMA, 
2013b). The NFIP uses these factors to group struc-
tures into classes, then determines the average annual 
loss and insurance rates for each class, rather than for 
individual structures. Consequently, a policyholder 
will pay an amount averaged over the pool of all other 
policyholders in a given class of structures, which 
may be somewhat higher or lower than the premium 
would be if it were based on his or her individual flood 
risk (e.g., see Michel-Kerjan et al., 2015). Grouping 
insureds into classes is a standard industry practice.

Subsidized Rates

Subsidized rates are available by statute for older 
structures built before floodplain maps were issued and 
adopted by the community (pre-FIRM structures) as 
well as for certain newer (post-FIRM) structures, such 
as those with protective structural measures under con-
struction. Pre-FIRM subsidized rates do not depend 
on the structure elevation. Rather, the insurance rate is 
based on the flood zone, occupancy, construction, and 

3 Personal communication from Andy Neal, FEMA, on March 3, 
2014.

contents location (FEMA, 2013b). Pre-FIRM sub
sidized rates are employed primarily in Special Flood 
Hazard Areas where insurance purchase is mandatory. 
Subsidized rates for structures that are not primary 
residences or that suffer severe repetitive losses are 
beginning to be phased out (see “National Flood Insur-
ance Program” in Chapter 1).

Subsidized rates are based both on subjective (e.g., 
political, public policy) considerations and objective 
processes, including comparisons with the amount 
needed to meet NFIP premium income targets. Prior 
to 2005, the NFIP total annual premium income was 
targeted so that the combination of subsidized and 
risk-based premiums would be at least sufficient for 
the historical average loss year, based on losses and 
associated expenses since 1978, and corrected for infla-
tion and changes in coverage and mix of policy holders. 
However, catastrophic flood losses to the NFIP in 2005 
(from hurricanes Katrina, Rita, and Wilma) raised the 
historical average loss year so much that using it to set 
NFIP premium income targets would have required 
the elimination of subsidized premiums. Consequently, 
the NFIP gives only partial weight to the 2005 losses 
in establishing the historical losses benchmark (Hayes 
and Neal, 2011), which reduces, but does not eliminate 
subsidies.

Pre-FIRM subsidized premiums are about 
55–60 percent lower than warranted by their true flood 
risk (Hayes and Neal, 2011). However, the average sub-
sidized premium being paid is still significantly higher 
than the average risk-based premium being paid, because 
the flood risk to pre-FIRM structures is generally so 
much higher than the flood risk to structures that comply 
with modern floodplain management ordinances.

Rating for Negatively Elevated Structures

The vast majority of negatively elevated structures in 
Special Flood Hazard Areas are pre-FIRM structures 
eligible for subsidized rates and post-FIRM struc-
tures grandfathered into rates that are lower than indi-
cated by new mapping. Of the approximately 1 million 
negatively elevated structures in the NFIP portfolio, only 
about 240,000 have structure elevation data and have 
been actuarially rated.4 These structures are mainly post-

4 Personal communication from Andy Neal, FEMA, on July 9, 
2014.
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FIRM construction built out of compliance with the 
base flood elevation standard. An example comparing 
subsidized and risk-based premiums for a single family 
home in an AE zone is given in Table 2.2. The premiums 
for negatively elevated structures are shaded gray.

The process for setting risk-based rates for nega-
tively elevated structures is similar to that used for 
structures built at or above the base flood elevation, 
although additional underwriting procedures are 
required. In particular, the valuation of machinery, 
equipment, and appliances in basements, enclosures, 
and crawlspaces is factored into the rate; and additional 
information is collected on the construction and use 
of crawlspaces. Policy applications for structures that 
are more than 1 foot below the base flood elevation in 
an AE zone or more than 3 feet below the base flood 
elevation in a VE zone receive a more detailed review 
(FEMA, 2013c). In some cases, a local building official, 

engineer, or architect must validate assertions about 
the construction of the structure and enclosures below 
(e.g., crawlspaces, garage), as well as how a structure is 
elevated off the ground (e.g., foundation walls, piles). 
These additional procedures are intended to determine 
the vulnerability of negatively elevated structures to 
damage and how that vulnerability might affect the 
potential for damage to upper portions of the structure.

The additional underwriting procedures described 
above provide a means to set risk-based rates for nega-
tively elevated structures without adjusting the terms 
of rate formula to accommodate the flood conditions 
and drivers of damage and loss that affect these struc-
tures. The following chapters examine the terms in the 
actuarial rate formula in more detail, and discuss how 
they can be adjusted to develop fair and credible rates 
for negatively elevated structures.

TABLE 2.2  Comparison of Subsidized and Risk-Based Premiums for a Single Family Home in an AE Zone

Premium for Type of Structurea

Type of Rating
Difference between lowest floor 
elevation and base flood elevation

2 or more floors with basement, no 
machinery or equipmentb

1 floor, non-elevated, no 
basement or crawlspacec

Subsidized rating Not applicable $4,203 $3,600

Risk-based rating +4 feet $553 $553

+3 feet $572 $591

+2 feet $604 $667

+1 feet $712 $931

+0 feet $1,090 $1,815

–1 feet $2,610 $5,642

–2 feet $2,764 $6,443

–3 feet $2,894 $8,589

–4 feet $3,035 $10,723

–5 feet $3,574 $13,081

–6 feet $4,169 $15,184

–7 feet $4,970 $17,215

–8 feet $5,977 $19,382

–9 feet $7,200 $21,467

–10 feet $8,814 $23,496

a Premium calculation includes coverage of $250,000 for the structure and $100,000 for its contents, a standard deductible, federal policy 
fee and reserve, and no Community Rating System discount.
b Limited basement coverage generally means lower premiums.
c All habitable space at ground level increases the premium.
SOURCE: Presentation to the committee by Joseph Cecil, Insurance Examiner, FEMA, on January 6, 2014.
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A key to informed decision making on risk 
management and risk transfer (insurance) is 
an accurate assessment of risk. In the context 

of this report, flood risk refers to the magnitude of 
economic flood loss and the probability that losses of 
that magnitude will occur. Flood risk assessments focus 
on four main components:

1.	 Flood hazard—the probability and magnitude 
(e.g., depth, velocity, discharge) of flooding

2.	 Exposure—the economic value of assets sub-
jected to flood hazard

3.	 Vulnerability—the relationship of flood hazard 
properties to economic loss

4.	 Performance—the effectiveness and behavior 
of flood protection and damage mitigation 
measures that modify the flood hazard, the 
exposure, or the vulnerability

This chapter describes how these four flood risk com-
ponents are commonly assessed and discusses variations 
in assessment approaches used by government agencies 
and private companies to carry out their particular flood 
risk management or flood insurance responsibilities.

ASSESSING THE COMPONENTS OF 
FLOOD RISK

Assessing Flood Hazard

Flood hazard assessment estimates the probability 
of different magnitudes of damaging flood conditions, 
such as the depth of inundation, duration of inunda-

3

Methods for Assessing Flood Risk

tion, velocity of moving water, quality of water, debris 
content of water, or the wave height in addition to 
still water level. For example, in many urban riverine 
settings, the most important flood condition is the 
annual maximum depth of inundation at the location 
of an insured structure. The depth of inundation is 
computed as the difference between the annual maxi-
mum water surface elevation and a reference elevation 
at the structure (commonly the lowest floor eleva-
tion of the structure, because this is the elevation above 
which water ponding will cause damage). The hazard 
in that location can be represented as a water surface 
elevation–exceedance probability function, as shown in 
Figure 3.1a. This function represents the probability 
that the annual maximum water surface elevation at 
a specified location will equal or exceed a specified 
magnitude.1 Greater water surface elevations have 
lesser probability of exceedance. The magnitudes for 
the various probabilities depend on meteorological, 
hydrological, hydraulic, and topographic properties 
of the watershed, channels, and floodplains at and 
upstream of the location of interest. These magnitudes 
can be determined for current conditions or for future 
conditions (e.g., extreme precipitation as a result of 
climate change, urban growth in floodplains).

The water surface elevation–exceedance probability 
function may be derived through statistical analysis of 
observations of annual maximum water surface eleva-

1 In this report, probability is expressed as a percent chance 
exceedance, which is probability × 100. For example, a 10 percent 
annual chance exceedance event has an annual exceedance prob-
ability of 0.10.
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A B C

FIGURE 3.1  (a) Flood hazard for riverine systems may be represented with a water surface elevation–exceedance probability func-
tion, usually derived from flood studies. Alternatively, the function may be derived from a discharge–exceedance probability function 
(b), transformed with a discharge–water surface elevation function (c). The annual exceedance probability means the same thing as 
the annual chance of exceedance. SOURCE: Courtesy of David Ford, David Ford Consulting Engineers, Inc.

tions at a location if an appropriate sample of historical 
values is available from a stream gage at or near the 
insured structure. However, historical data are limited, 
and so the water surface elevation–exceedance prob-
ability function is usually derived using conceptual and 
empirical models of hydrologic and hydraulic processes. 
For riverine systems, analysts commonly develop a dis-
charge–exceedance probability function (Figure 3.1b), 
then transform that with a discharge–water surface 
elevation function (Figure 3.1c) to derive the water 
surface elevation–exceedance probability function. The 
discharge–exceedance probability function for a stream 
may be developed by correcting for stream regulation 
then carrying out a statistical analysis of historical dis-
charge observations or, if these data are not available, by 
using models of the watershed response to precipitation 
and channel behavior.

In floodplains with relatively uniform terrain, such 
as that shown in the cross section in Figure 3.2a, the 
water surface elevation at a structure in the floodplain 
is not significantly different from the water surface 
elevation in the channel. In such cases, a discharge–
water surface elevation function (e.g., Figure 3.1c) is 
used to determine the channel water surface elevation, 
and a simple channel–floodplain water surface eleva-
tion function (e.g., Figure 3.2b), developed using an 
open-channel hydraulics model, is used to determine 
the floodplain water surface elevation.

If the terrain in the floodplain is complex—because 
of variable topography; flow entering and leaving the 

floodplain at different locations; or the presence of 
roadways, waterways, or impediments to flow—then 
inferring the floodplain water surface elevation from 
the channel water surface elevation may introduce 
significant error in the hazard description. In such 
cases, floodplain flow may be modeled with a two-
dimensional hydraulics model. For example, the flood-
plain may be represented as a grid of linked cells, with 
the movement of water modeled from the channel 
to grid cells adjacent to the channel, then from cell 
to cell (e.g., Figure 3.3). The result is a unique water 
surface elevation–exceedance probability function that 
describes the hazard for each cell in the grid.

Assessing the Performance of Flood Protection and 
Damage Mitigation Measures

Flood hazard may be reduced through structural 
measures, such as building reservoirs, levees, or flood-
walls. For example, reservoirs store water, altering the 
magnitude of downstream discharges, thus changing 
the form of the discharge–exceedance probability 
function (Figure 3.1b) and reducing the discharge 
rates for rarer events. The performance of the reser-
voir system during flood events is accounted for in 
the hazard analysis by adjusting the discharge– or 
water surface elevation–exceedance probability func-
tions, although the potential for uncontrolled release 
of water (e.g., dam breach, gate failure) is commonly 
not considered.
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R02820 Fig 3.2a.eps
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FIGURE 3.3  For complex floodplains, water surface elevations on the floodplain may be computed with a two-dimensional model. 
SOURCE: Courtesy of David Ford, David Ford Consulting Engineers, Inc.

FIGURE 3.2  Water surface elevations on the floodplain adjacent to a river may be inferred from the elevation at a cross section of 
the river using a floodplain–channel water surface elevation function. (a) A cross section of the river and adjacent floodplain. In (b), 
the floodplain depth is zero until the capacity of the channel is exceeded and water moves onto the floodplain. SOURCE: Courtesy of 
David Ford, David Ford Consulting Engineers, Inc.
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A levee or floodwall constructed adjacent to a 
channel would also alter the relationship between the 
channel and the floodplain water surface elevation, 
and hence the floodplain water surface elevation–
exceedance probability function. When the levee 
provides the anticipated protection, water will not 
inundate the floodplain and so the water depth will 
be zero. When the levee is overtopped by rising flood 
water or when it breaches as a result of structural in-
stability, under- or through-seepage, or other factors, 
water will move onto the floodplain (i.e., the water 
depth will be greater than zero) and losses will result. 
This condition may be represented with a function 
such as Figure 3.1b, where the jump in floodplain 
water surface elevation coincides with levee over
topping or breaching.

To represent levee reliability (or the probability 
of failure of the levee to protect), a fragility func-
tion is developed to capture aleatory uncertainty 
(natural variability). Figure 3.4 shows the likelihood 
that a levee will fail to function as designed (breach), 
conditioned on channel water surface elevation. 
Similar functions can be developed to describe the 
likely performance of flood proofing or other local 
mitigation measures designed to reduce vulnerability. 
Fragility functions can be developed for each of the 
floodplain protection measures in place (e.g., levees, 
floodwalls, culverts, pumping stations) are included 
in the assessment.

Assessing Exposure and Vulnerability

Exposure and vulnerability analysis examines the 
value of an asset and the relationship between the 
flood hazard and damage to the asset. This information 
may be represented with an inundation depth–damage 
function for the structure, as illustrated by Figure 3.5a. 
The inundation depth–damage function may be devel
oped from a detailed valuation and investigation of 
the potential damage to the insured structure and/or 
statistical analysis of reports of damage and coincident 
inundation depths for similar structures. A typical ap-
proach is to determine the total value of the structure 
and its content; to categorize the structure according to 
its construction type, use, or other characteristics; and 
then to predict the damage corresponding to specific 
water depths. The damage predictor for the category 
is developed with a conceptual or empirical model, 

FIGURE 3.5  Exposure and vulnerability are represented with 
an inundation depth–damage function (a), which may be devel-
oped from a generic inundation depth–percent damage function, 
scaled by the total value of the asset (b). SOURCE: Courtesy of 
David Ford, David Ford Consulting Engineers, Inc.

FIGURE 3.4  Variability in the performance of flood protection 
systems, such as levees, is represented with a fragility function, 
which is included in the risk assessment. SOURCE: Courtesy of 
David Ford, David Ford Consulting Engineers, Inc. 
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and is expressed as a percentage of the total structure 
and content value. An inundation depth–percent 
damage function is illustrated in Figure 3.5b.

Assessing Risk

The consequence of flooding is assessed by trans-
forming the water surface elevation–exceedance prob-
ability function (Figure 3.1a) with a channel–floodplain 
water surface elevation function (Figure 3.2b), a levee 
fragility function (Figure 3.4), and a floodplain inunda-
tion depth–damage function (Figure 3.5a). The result is 
a damage–exceedance probability function (Figure 3.6), 
which describes the risk. Common amounts of damage 
are near the center of the diagram, with probabilities 
near 0.50. Greater damage is less likely, with probabili-
ties approaching zero.

The damage–exceedance probability function 
shown in Figure 3.6 represents the flood damage that 
can occur for each flood over the range of possible 
floods. This function can be developed for an indi-
vidual structure category or for an entire portfolio of 
structures. The function is integrated to compute the 
expected annual damage for the full range of floods, also 
known as the average annual loss. The average annual 
loss is the basis for setting risk-based rates (see “NFIP 
Insurance Rates” in Chapter 2).

The following sections summarize risk assessment 
approaches used by organizations with responsibility 
for flood risk management or flood insurance.

FIGURE 3.6  Flood risk is commonly represented with a dam-
age–exceedance probability function. SOURCE: Courtesy of 
David Ford, David Ford Consulting Engineers, Inc.

NFIP HYDROLOGIC METHOD

The National Flood Insurance Program (NFIP) 
assesses flood risk for insurance purposes using a 
hydrologic method developed in the 1960s (HUD, 
1966). The method derives a water surface elevation–
exceedance probability function to describe the flood 
hazard in a geographical area, then transforms that 
function to an inundation damage–exceedance prob-
ability function using a model of damage as a func-
tion of depth of inundation (Box 2.1). The damage–
exceedance probability function is then integrated to 
compute the average annual loss.

Flood Hazard Description: PELV Curves

The water surface elevation–exceedance prob-
ability function illustrated in Figure 3.1a, referred to 
in the NFIP hydrologic method as the PELV curve, 
represents the natural flood hazard as well as the per-
formance of engineering measures designed to manage 
the hazard in Special Flood Hazard Areas. A PELV 
curve shows the relationship between annual exceed-
ance probabilities and flood depths relative to the base 
flood elevation, representing implicitly all relevant 
meteorological, topographical, hydrologic, hydraulic, 
and performance conditions. Flood depths shown in-
clude stillwater and increases due to wind-driven and 
tidal-driven waves.

The PELV curves were derived in the early 1970s 
from a sample of water surface elevation–exceedance 
probability functions developed from detailed studies 
in communities nationwide. Analysts parameterized 
these water surface elevation–exceedance probability 
functions using the difference between the 1 percent 
annual chance exceedance elevation (100-year eleva-
tion) and the 10 percent annual chance exceedance 
elevation (10-year elevation) (MacFadyen, 1974). Next, 
the water surface elevation–exceedance probability 
functions were grouped, averaged, and smoothed to 
create 30 zones covering the range of hazard conditions. 
In each successively numbered A zone, the difference 
between the 1 percent and 10 percent annual chance 
exceedance water surface elevation increases, with dif-
ferences ranging from 0.5 feet for Zone A1 (broad, 
shallow floodplains) to 20 feet for Zone A30 (narrow, 
steep mountainous valleys). Note that the classification 
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by flood zone is not spatially or geographically oriented. 
Rather, it focuses on common hazard properties. Dif-
ferent locations in the United States will fall within the 
same zone if they have the same difference between the 
1 percent and 10 percent annual chance exceedance wa-
ter surface elevations without regard to the underlying 
causes of the hazard.

For each zone, a PELV curve is described with a 
fourth order polynomial of the form:

-log10[p(elev)] = C1 + C2elev + C3elev2+ C4elev3+ C5elev4,

where elev is the water surface elevation with exceed-
ance probability p(elev), and C1, C2, C3, C4, C5 are 
coefficients given in FEMA (2013d). The PELV curve 
is used in the rate formula in Box 2.1.2 In application, 
NFIP analysts would determine the difference between 
the 1 percent and 10 percent annual chance exceed-
ance water surface elevations for a structure from flood 
studies of an area, find the corresponding numbered A 
zone, and then derive the appropriate PELV curve with 
the appropriate equation for the zone. 

Development and use of a nationwide set of 30 
PELV curves, instead of site specific, unique water 
surface elevation–exceedance probability functions, 
allowed a workable nationwide set of rate tables to be 
developed. However, reviews of NFIP insurance loss 
experience in the early 1980s revealed inconsistencies 
in losses among the 30 flood zones, in part because of 
inherent uncertainties in the flood hazard analysis and 
variations in hazard conditions (e.g., a debris jam could 
increase local water surface elevations). At the same 
time, the complexity associated with determining the 
appropriate zone for a structure and then using that 
in the rate setting increased the likelihood of error by 
agents, who were using paper maps and rating manuals. 
Consequently, for rating purposes, the NFIP collapsed 
the 30 numbered flood zones into a smaller set of zones 
and weighted the resulting set in areas where NFIP 
policies were written (circa 1980s) for the computation 
of average annual loss.

2 Note that p(elev) is the same as PELV, with rounding resulting 
from an imperfect polynomial fit.

Performance of Levees and  
Flood Storage and Diversion

The NFIP accounts for the reduction of flood 
hazard attributable to flood storage and diversion and 
to the presence of accredited levees. The impact of flood 
storage and diversion measures is simulated using de-
tailed studies.3 Reductions in inundation depth that are 
attributable to these measures are reflected conceptually 
in adjustments to the base flood elevation and, through 
that, to the PELV curve.

The NFIP does not set standards for building 
levees. However, if a levee is designed, constructed, and 
maintained according to U.S. Army Corps of Engi-
neers (USACE) engineering criteria, the NFIP credits 
the levee with eliminating inundation and correspond-
ing damage caused by events more frequent than the 
1 percent annual chance exceedance flood. Until 2013, 
levees that fell short of the standard were considered 
“non-accredited” and assumed not to reduce flood 
hazard. However, under the Levee Analysis and Map-
ping Procedure (LAMP) for non-accredited levees, 
the NFIP is analyzing individual sections of levees 
(FEMA, 2013a). Sections that meet design, construc-
tion, and maintenance standards will be credited with 
providing protection and eliminating damage from the 
1 percent annual chance exceedance flood and more 
frequent events. For sections that do not meet stan-
dards, floodplain depths will be computed using models 
appropriate for the relevant deficiency. For example, 
levees with structural deficiencies are analyzed as if they 
will breach in multiple locations, but will provide some 
hazard reduction.

Exposure and Vulnerability: DELV Curves

To assess exposure and vulnerability, the NFIP 
employs inundation depth–percent damage functions 
(referred to as DELV curves), such as the one illus-
trated in Figure 3.7a, based upon the type of occupancy, 
type of construction, and location of contents in the 
structure. The percent damage values are converted 
to monetary values by multiplying by the value of the 
structure (ideally the replacement value) in the final 
step of rate setting. The depth for assessing damage 

3 See http://www.fema.gov/guidelines-and-standards-flood-
risk-analysis-and-mapping.
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A

B

FIGURE 3.7  NFIP DELV curves predict damage as a function 
of depth of water relative to the lowest floor elevation of the 
structure. SOURCE: Courtesy of David Ford, David Ford Consult-
ing Engineers, Inc.

is found by adjusting the inundation depth–damage 
function to correspond to the elevation of the structure.

Flood Risk

The NFIP expresses flood risk in terms of loss and 
corresponding probability. To assess risk, the DELV 
curve is matched with the PELV curve, which results 
in a damage–exceedance probability function. This 
damage–exceedance probability function is integrated 
to compute the average annual loss portion of the insur-
ance rate (Box 2.1).

Calculations of average annual loss include the 
incremental contribution of losses due to the entire 
range of flood events, including floods less frequent 
than those with a 1 percent annual chance of exceed-
ance. For the PELV curves currently used by the 
NFIP, the relationship between the exceedance prob-
ability and the water surface elevation is assumed to 

be a smooth, monotonically decreasing function.4 
Extrapolating these curves to estimate water surface 
elevations with less than 0.2 percent annual chance 
exceedance (500-year flood) is considered by the NFIP 
to be unreliable. Consequently, when deriving the tail 
of the damage–exceedance probability function, the 
NFIP doubles the 0.2 percent annual chance exceed-
ance depth to estimate the associated damage from the 
DELV curve. For example, if the PELV curve shows a 
0.2 percent annual chance exceedance depth of 1.8 feet, 
the NFIP will assign damage corresponding to 3.6 feet 
of inundation for all the depths less frequent than 
0.2 percent annual chance exceedance, and will include 
the result in the average annual loss calculation.

U.S. ARMY CORPS OF ENGINEERS METHOD

The USACE assesses flood risk following analysis 
procedures laid out in Engineering Manual 1110-2-
1619 (USACE, 1996). Flood damage reduction analysis 
software (HEC-FDA) uses methods from the engi-
neering manual with results of traditional hydrologic 
engineering and economic analyses to assess flood risk.5

The USACE approach is similar to the NFIP’s, but 
includes the results of site-specific flood hazard assess-
ment and an evaluation of uncertainties in the assessment 
of flood hazard and levee fragility. The USACE method 
begins with deriving a discharge–exceedance probability 
function for a particular location using statistical analy-
sis of available records or precipitation–runoff modeling 
of the contributing watershed. The function includes 
discharge values for a range of probabilities, commonly 
between 50 percent and 0.2 percent annual chance 
exceedance. The discharge–exceedance probability 
function is transformed to a water surface elevation–
exceedance probability function using hydraulic model 
studies based on the best available bathymetric and 
topographic information. Applications are site specific, 
with hydraulic modeling methods selected as appro-
priate for the channel and floodplain properties. If 
levees or other water control features alter the hazard, 
then their performance is assessed, and uncertainty 
about their performance is represented with a fragility 
function.

4 Personal communication by Andy Neal, FEMA, on April 28, 
2014.

5 See http://www.hec.usace.army.mil/software/hec-fda/.
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Vulnerability and exposure are assessed using the 
depreciated replacement value of assets and inunda-
tion depth–percent damage functions developed by the 
USACE (2000, 2003). The inundation depth–damage 
functions are consistent with, but not identical to, 
those used by the NFIP. Moreover, the NFIP uses the 
replacement value of the structure in its calculation 
of average annual loss, rather than the depreciated 
replacement value. The USACE estimates the depreci-
ated replacement value by first estimating the replace-
ment value, then reducing that value using the results 
of a site inspection to account for the condition and 
remaining useful life of the structure. The expected 
annual damage (average annual loss) is computed by in-
tegrating the damage–exceedance probability function.

The USACE risk analysis method considers the 
aleatory uncertainty in the assessment of flood hazard 
and levee performance, and in the estimation of water 
surface elevations from river discharges. Consider-
ation is also given to selected sources of epistemic 
uncertainty. For example, the method uses probability 
distributions to describe the uncertainty about in-
puts, including uncertainties about (a) the discharge–
exceedance probability function, (b) the discharge-to-
water surface elevation transformation, (c) the lowest 
floor elevation of a structure, and (d) the values of 
assets. Monte Carlo sampling is used to develop the 
required damage–exceedance probability function and 
the uncertainty distributions. Results are reported with 
levels of significance attached.

CATASTROPHE MODELS

Many private insurers use catastrophe models 
to assess the risk of natural hazards, including wind, 
earthquakes, wildfire, and, more recently, floods (e.g., 
see Grossi and Kunreuther, 2005). These models are 
generally developed for large or geographically diverse 
insurance portfolios for which it is important to assess 
the likelihood of catastrophic losses. The models can be 
used to assess individual or aggregated risk (e.g., entire 
insurance portfolios).

Catastrophe models developed by private compa-
nies share common modules and characteristics (see 
Grossi and Kunreuther (2005), although details of the 
different models are proprietary (Czajkowski et al., 
2013). In general, catastrophe models include the risk 

assessment components described above: a probabilistic 
description of flood hazard; a probabilistic description 
of how hazard is modified by mitigation and man-
agement measures, including a representation of the 
likelihood of success or failure of the measures; and a 
mathematical description of exposed assets and a model 
of their vulnerability to the hazard. As with other risk 
assessment methods, catastrophe models develop a 
representation of the likelihood of damage over time, 
which is analyzed statistically to compute an average 
annual loss.

Unlike the NFIP hydrologic method—which 
transforms a PELV curve with a DELV curve to 
derive a damage–exceedance probability function (as 
illustrated in Figure 3.8a–c)—catastrophe models 
develop and analyze long time series of flood events 
(Figure 3.8d), including historical events, extremely 
rare but physically possible events, and future flood-
ing scenarios that account for global environmental 
changes. The models then use a function that relates 
damage to depth or other drivers (Figure 3.8e) to esti-
mate the loss incurred with each flood event, creating 
a series of damage values (Figure 3.8f ). The resulting 
series of hypothetical floods and associated damages 
are analyzed to compute average annual loss and other 
relevant metrics of hazard and consequence.

Private insurers often collect detailed construction 
and occupancy information to develop loss estimates 
for anticipated flood events. This information can then 
be used to develop site-specific predictors (similar to 
Figure 3.8e) for use in a catastrophe model. In the 
absence of site-specific information, classes of risk are 
determined and available information used to assign 
the structure to a class.

Catastrophe models are developed for and fitted to 
conditions for the floodplain of interest, and therefore 
do not need to average hazard, performance, exposure, 
or vulnerability over time or space. Instead, site-specific 
detailed meteorological, hydrological, hydraulic, and 
consequence models can be developed and applied. For 
example, the loss calculations (using a function such as 
shown in Figure 3.8e) may include one or more drivers 
of damage beyond water depth, such as duration, vel
ocity, quality of flood waters, season of flooding, or 
other factors.
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A B C

D E F

FIGURE 3.8  Comparison of the NFIP hydrologic method (a–c) with the event-based approach used in cat modeling (d–f), which 
creates a long history of flood events, then estimates and averages the damage associated with each to compute average annual loss. 
SOURCE: Courtesy of David Ford, David Ford Consulting Engineers, Inc.

REFINEMENTS TO CURRENT METHODS

North Carolina Flood Risk Information System

The North Carolina Floodplain Mapping Program 
is assessing certain components of flood risk as a part 
of a statewide program to provide seamless, accurate, 
statewide modeling and mapping of flood hazards.6 To 
assess flood hazard, North Carolina developed site-
specific water surface elevation–exceedance probability 
functions using hydrologic and hydraulic studies carried 
out by the state7 and by the NFIP, and high-resolution 
airborne lidar terrain data. The state’s 3 meter lidar 
data is being replaced with quality level 2 lidar data (see 
Dewberry, 2011, for a description), which is similar to 

6 See http://fris.nc.us/fris.
7 North Carolina has generated and incorporated more than 

300,000 base flood elevations on Flood Insurance Rate Maps for 
the state. See the presentation to the committee by John Dorman, 
North Carolina Floodplain Mapping Program, on May 12, 2014.

high precision survey data. This information has been 
used to determine base flood elevations for more than 
300,000 locations in the state. In addition, the state has 
determined water surface elevations and flood depths 
for five flood probabilities: 10 percent (10-year depth), 
4 percent (25-year depth), 2 percent (50-year depth), 
1 percent (100-year depth), and 0.2 percent (500-year 
depth) annual chance exceedance. The 1 percent an-
nual chance exceedance depths along a portion of a 
North Carolina river are illustrated in Figure 3.9. North 
Carolina is the first state to have performed such an 
analysis and to acquire high-resolution lidar statewide.

North Carolina is currently computing the an-
nual probability of any depth of flooding for every 
structure in the state using information collected on 
building footprints (identified using remote sensing, 
high-resolution aerial images, and geographic informa-
tion system technology) and elevations of individual 
structures (determined using high-resolution lidar). 
The exposure and vulnerability of identified struc-
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R02820 Fig 3.9.eps
bitmap

FIGURE 3.9  One percent annual chance exceedance depth grid along a reach of the Tar River in Rocky Mount, North Carolina. 
Darker blues represent greater flood depth between the base flood elevation and the terrain elevation. SOURCE: Courtesy of John 
Dorman, North Carolina Floodplain Mapping Program.

tures are quantified using tax records to establish the 
value and characteristics of the structures. Inundation 
depth–damage functions similar to the NFIP DELV 
curves are derived from the NFIP HAZUS software 
application (Scawthorn et al., 2006).8 Average annual 
loss is computed for individual properties in floodplains 
statewide, and publicly available databases and visual-
ization tools provide easy access to these estimates, as 
well as to the underlying reports of hazard, exposure, 
vulnerability, and consequence.

8 See also http://www.fema.gov/hazus.

NFIP Multi-Frequency Depth Grids

The NFIP has been developing multi-frequency 
depth grids to analyze flood risk since 2009. The multi-
frequency depth grids are intended to provide a plat-
form for NFIP hydrologic and hydraulic analyses and 
to help individuals better understand and visualize their 
flood hazard. The NFIP analyzes flood depth at the 
same flood probabilities as North Carolina’s (10 per-
cent, 4 percent, 2 percent, 1 percent, and 0.2 percent 
annual chance exceedance), and uses similar methods 
for producing the depth grids (FEMA, 2014). Depths 
for the grids are currently determined using spatial 
interpolation schemes, which estimate grid cell water 
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surface elevations from results of state-of-practice 
hydraulic models. The description and display of site-
specific flood hazard at a relatively fine spatial scale 
are also similar to those of North Carolina. The depth 
grid datasets currently cover about 20 percent of the 
U.S. population.9 This technology—if integrated with 
reliable structure elevation and replacement value infor-
mation—will eventually permit great spatial resolution 
of flood risk, perhaps to a neighborhood or structure 
level nationwide, similar to what is done on a smaller 
scale in North Carolina.

COMPREHENSIVE RISK ASSESSMENT

The 2013 NRC report Levees and the National 
Flood Insurance Program: Improving Policies and Practices 
recommended and summarized the advantages of the 
NFIP moving toward a more comprehensive approach 
to risk analysis that builds on current USACE and 
catastrophe model methods. As described in the NRC 
report, a comprehensive risk assessment (1) derives 
a site-specific water surface elevation–exceedance 
probability function to represent hazard; (2) takes 
into account the performance and reliability of flood 
protection measured aimed at reducing inundation 
depths, as well as the effect that their failure may have 
on flooding and, ultimately, damages; (3) determines 
inundation depths throughout a floodplain with ap-
propriate hydraulic analyses; (4) estimates the damage 
to exposed assets as a consequence of the inundation 
(or other relevant drivers), which is necessary for devel
oping the damage–exceedance probability function; 
and (5) evaluates the aleatory and epistemic uncertainty 
(natural variability and knowledge uncertainty) in each 
of the elements of the analysis and propagates them 
through the estimate of risk. The elements of the flood 
risk model are combined to derive the frequency dis-
tribution of the flood damage for individual structures 
or for a community as well as the uncertainty in these 
estimates. From these results, the average annual loss 
can be computed for a structure or a group of structures. 
The comprehensive risk assessment method has been 
applied in at least two large-scale flood studies (see 
URS/JBA, 2008; IPET, 2009).

9 Personal communication by Paul Rooney, FEMA, on May 13, 
2014.

COMPARISON OF APPROACHES

All four of the flood risk assessment approaches 
described in this chapter (NFIP hydrologic method, 
USACE method, catastrophe models, and compre-
hensive risk assessment) address the main components 
of risk (i.e., flood hazard, the performance of flood 
protection measures, exposure, and vulnerability) using 
methods tailored to each organization’s needs. Each 
of the flood risk assessment methods describes flood 
hazard using hydrologic and hydraulic models that 
represent the watershed, channel, and tidal behavior 
for the entire range of possible events. The NFIP 
hydrologic method, the USACE method, and the 
comprehensive risk assessment recommended in NRC 
(2013) use an inundation depth–exceedance probability 
function to describe flood hazard, whereas catastrophe 
models typically use Monte Carlo sampling to generate 
a long series of synthetic stream flows or ocean tides 
derived from a probability function. A critical differ-
ence among the methods is the extent to which the 
hazard description represents the unique conditions at 
a site. The NFIP PELV curves are spatial averages that 
do not represent unique weather, watershed, or channel 
features. Other methods capture those unique features.

The performance of flood protection measures 
is represented in all the methods, albeit in different 
ways. The USACE method, the comprehensive risk 
assessment, and catastrophe models explicitly account 
for uncertainty about levee performance with fragility 
functions. In contrast, the NFIP treats certified and ac-
credited levees as preventing damage from floods more 
frequent than the 1 percent annual chance exceed-
ance event, and treats nonaccredited levees (or levee 
segments) as providing lesser or no flood protection. 
Both the NFIP and USACE methods account for the 
performance of flood storage and diversion, although 
in a simplistic and somewhat optimistic manner. For 
example, both presume that reservoir water control 
manuals will be followed exactly; in practice such ad-
herence is difficult.

All risk assessment methods described in this 
chapter model exposure and vulnerability in a similar 
manner. The methods predict damage as a function of 
inundation depth, typically using damage ratio models. 
All methods require estimates of the value of a structure 
and its contents to calculate damage, and these esti-
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mates are made in a variety of ways. The USACE com-
monly uses building unit cost information and structure 
type and size to estimate replacement value, which is 
then adjusted to account for depreciation. The NFIP 
uses replacement cost values. Detailed information 
about construction and occupancy collected by private 
insurers can be used to develop site-specific inunda-
tion depth–damage functions for use in a catastrophe 
model. If this detailed information is not available, then 
inundation depth–damage functions are developed for 
classes of structures.

A significant difference among the risk assessment 
methods is that the NFIP method was developed to 
assess flood losses for individual structures, whereas 
the USACE, comprehensive risk assessment, and 
catastrophe modeling methods can assess individual or 
aggregated risk (e.g., a community or an entire insur-
ance portfolio). Assessing aggregated risk is useful for 
determining the financial soundness of the insurance 
portfolio.

Another significant difference among the methods 
is the treatment of aleatory and epistemic uncertainties 
about the hazard, performance, exposure, and vulner-
ability inputs to flood loss calculations. Although some 
aleatory uncertainties are considered in the NFIP 
hydrologic method, epistemic uncertainties are not 
explicitly considered or integrated into the risk assess-
ment. Instead, in the average annual loss calculation, 
the NFIP relies on judgments and empirical adjust-

ments to accommodate uncertainties in the flood risk 
analyses and underwriting process (Hayes and Neal, 
2011). In contrast, the comprehensive risk assessment, 
catastrophe models, and, to a lesser extent, the USACE 
method account for both aleatory and epistemic uncer-
tainty about the various inputs to the average annual 
loss calculation. For example, the NFIP mathematically 
treats the water surface elevation–exceedance probabil-
ity function as if quantiles were known with certainty. 
In contrast, with the comprehensive risk assessment 
and, to a lesser degree, the USACE method, epis-
temic uncertainty about the water surface elevation–
exceedance probability function is described with a 
probability distribution about the mean value of eleva-
tion predicted for a specified probability. Similarly, the 
NFIP rate formula mathematically treats the inunda-
tion depth–damage functions as known with certainty, 
whereas the USACE method, catastrophe models, and 
comprehensive risk assessment consider the impact of 
small samples and imperfect knowledge on relation-
ships to predict damage associated with depth. These 
three methods then derive sample probability distribu-
tions that describe variations from the average values 
predicted in the hazard, performance, exposure, and 
vulnerability models.

The appropriate method for assessing risk depends 
on the application. Possible changes in methods for 
improving flood insurance rates are described in Chap-
ters 4 and 5.
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The National Flood Insurance Program (NFIP) 
method for calculating risk-based premiums 
was developed for rating post-FIRM (Flood 

Insurance Rate Map) structures, and its use has been 
tailored for structures with lowest floor elevations at 
or above the base flood elevation. However, negatively 
elevated structures are typically affected by different 
flood conditions (e.g., more frequent floods) and differ-
ent drivers of damage and loss (e.g., longer duration of 
flooding) than structures above the base flood elevation. 
Moreover, risk-based insurance premiums for nega-
tively elevated structures are expected to be high when 
subsidies are phased out, simply because flood risks are 
higher. This chapter identifies potential changes to the 
NFIP method for calculating risk-based rates for nega-
tively elevated structures. Of particular interest are the 
water surface elevation–exceedance probability func-
tions (PELV curves), the inundation depth–damage 
functions (DELV curves), underinsurance, and deduct-
ibles. Associated data issues are discussed in Chapter 5.

PELV

The NFIP develops rates for a class of structures 
by computing the average annual loss, accounting for 
the elevation of the structure relative to the base flood 
elevation, and then adjusting that value for expenses 
and other factors. Rates are computed by integrating 
the product of the DELV curve for a class of structures 
and each PELV curve to compute an average annual 
loss, and then averaging the computed losses over 
the set of PELV curves, weighted by the estimated 

fraction of structures in each PELV zone equivalent. 
This averaging step can result in premiums that are 
representative of the flood risk for the structure class 
as a whole, but not for individual structures within the 
class. In addition, the PELV curves were developed 
with a focus on the difference between the 1 percent 
and 10 percent annual chance exceedance elevations 
and may not adequately capture the loss potential 
from frequent flooding, which can be significant for 
negatively elevated structures. These issues and possible 
changes to the NFIP method are described below.

Averaging in the Rate Calculation

Averaging the average annual loss over a large set 
of PELV curves in the rate calculation affects premiums 
because it obscures variations in the water surface eleva-
tion–exceedance probability functions. This means that 
the magnitude of flood hazard will be overestimated 
(and premiums will be too high) in some areas and 
underestimated in others (and premiums will be too 
low), and thus to rate classes with excessive variance 
in premiums.

Variation in Flood Hazard.  The PELV curves were de-
rived to represent the wide variety of coastal and river-
ine flood hazard conditions that exist across the United 
States. The family of PELV curves range from those 
with a large water surface elevation difference between 
rarely exceeded and frequently exceeded flood events 
to those with small water surface elevation differences. 
The need for this differentiation of hazard is illustrated 

4

Factors That Affect Risk-Based Premiums for  
Negatively Elevated Structures
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in Table 4.1, which shows the difference between water 
surface elevations for a rarer event (1 percent annual 
chance of exceedance) and a frequently exceeded event 
(10 percent annual chance of exceedance) relative to 
the base flood elevation at three locations. The water 
surface elevation difference is 13.9 feet for Fayette 
County, Texas; 6.7 feet for Boulder County, Colorado; 
and 2.1 feet for Suffolk County, New York (Table 4.1). 
These differences in water surface elevations reflect 
differences in the meteorological, hydrological, and 
hydraulic properties of the watersheds and floodplains. 
If the insurance rate for an identical structure were 
computed then averaged for these three cases, then 
that rate would not represent well the risk for any one 
of the cases. 

As discussed below, negatively elevated structures 
are inundated by more frequent events than structures 
above the base flood elevation (see “Capturing the 
Loss Potential from Very Frequent Flooding”), and the 
depths of inundation for more rare events may be con-
siderable. Those flood hazard conditions are obscured 
in the averaging, leading to rates that are correct in 
aggregate, but incorrect for individual cases.

Premium Variance Within Rate Classes.  Homogeneity 
of the insured properties within a rate class is desir-
able for calculating rates that are both precise and fair 
to the policyholders (Mathewson et al., 2011). Rate 
classes for negatively elevated structures appear to 
be heterogeneous, largely as a result of averaging the 
insurance rates produced from a wide range of PELV 
curves. Table 4.2 shows how premiums for a specific set 
of structural parameters vary for the different PELV 
curves. When the rate is averaged from the appropriate 
set of PELV curves in the average annual loss calcula-
tion, the variance around that average premium can 

be large. This means that while the rate (and resulting 
premium) computed may be appropriate as an average 
for all policyholders in a class ($9,142 in Table 4.2), 
rates may be far too high for some structures and far 
too low for others. For example, if insurance was priced 
differently for each of the 30 A zone equivalents, then 
a policyholder in Zone A30 would be charged only 
$4,228 in the Table 4.2 example. But because the 30 
numbered A zones have been consolidated into a single 
AE zone, the rate represents an average across all 30 
A zones, and the policyholder pays more than double 
that amount—$9,142. Although rate classes for posi-
tively elevated structures are also heterogeneous, the 
dollar amounts and, hence, the absolute magnitudes of 
the differences are much larger for negatively elevated 
structures.

Another issue is that computed rates for negatively 
elevated structures generally increase as the difference 
between the 1 percent and 10 percent annual chance ex-
ceedance depths decrease (PELV numbers decrease; see 
Table 4.2). The opposite is true for positively elevated 
structures. As discussed below, this trend can be at-
tributed to the large contributions from more frequent 
floods to the total flood risk for negatively elevated 
structures, and thus there is great sensitivity to PELV 
values associated with floods of high annual probabili-
ties (10 percent or greater annual chance exceedance).

Potential Changes to the NFIP Method.  Representing 
flood hazard variation more precisely and accurately 
in the average annual loss computation would reduce 
inequities that result when all policyholders with the 
same structure type and elevation pay a rate averaged 
over hazard conditions. Precise hazard representation 
requires structure elevations and site-specific water sur-
face elevation–exceedance probability functions devel

TABLE 4.1  Comparison of Water Surface Elevation Differences in Different Regions

Difference Between the 1 Percent and 10 Percent Annual Chance Exceedance Water Surface Elevations (feet)

Percent Chance Exceedance Fayette County, TX Boulder County, CO Suffolk County, NY

0.2 4.3 3.4 1.7

1 0.0 0.0 0.0

2 –4.6 –2.5 –0.6

10 –13.9 –6.7 –2.1

SOURCES: Data from Flood Insurance Studies; see FEMA (2006, 2009, and 2012).
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TABLE 4.2  Influence of PELV Curves on the Insurance Premium for a Structure With the Lowest Floor Elevation 4 Feet 
Below the Base Flood Elevation

PELV Zone Equivalent Zone Weighta Zone Premium

25 A1 1% $11,267.88

26 A2 1% $11,267.88

27 A3 1% $11,267.88

28 A4 3% $11,267.88

29 A5 6% $11,267.88

30 A6 8% $11,267.88

31 A7 10% $11,267.88

32 A8 11% $11,911.69

33 A9 11% $10,040.57

34 A10 11% $8,561.74

35 A11 10% $7,925.78

36 A12 9% $7,101.71

37 A13 7% $6,694.55

38 A14 6% $6,299.23

39 A15 4% $5,881.52

40 A16 3% $5,544.08

41 A17 2% $5,274.60

42 A18 1% $5,151.74

43 A19 0% $4,948.63

44 A20 0% $4,853.87

46 A21 0% $4,774.61

48 A22 0% $4,691.30

50 A23 0% $4,557.16

52 A24 0% $4,462.78

54 A25 0% $4,442.11

56 A26 0% $4,382.93

58 A27 0% $4,338.98

60 A28 0% $4,254.83

62 A29 0% $4,252.54

64 A30 0% $4,228.72

Weighted Average $9,142.03

a Weights are rounded.
NOTE: This example is for a one-story 1–4 family residential building with no basement and $250,000 of coverage on the structure.
SOURCE: Andy Neal, Federal Emergency Management Agency (FEMA).

oped from detailed flood studies. In some cases, local 
flood study reports may yield the required water surface 
elevation–exceedance probability functions. For exam-
ple, the site-specific water surface elevation–exceedance 
probability functions developed and used by the U.S. 
Army Corps of Engineers (USACE) for planning 
studies and by North Carolina for risk communication 
define flood hazard with the necessary precision. The 

NFIP’s multi-frequency depth grids represent a step 
toward site-specific hazard definition.

If deriving and using site-specific water surface 
elevation–exceedance probability functions is not 
practical, then the NFIP could group and average the 
functions to capture important differences in flood 
hazard conditions, and use the average function that 
best represents the hazard at a structure. This strategy 



Copyright © National Academy of Sciences. All rights reserved.

Tying Flood Insurance to Flood Risk for Low-Lying Structures in the Floodplain 

38	 FLOOD INSURANCE FOR LOW-LYING STRUCTURES IN THE FLOODPLAIN

is similar to the NFIP’s now abandoned strategy of 
using numbered A zones (or V zones) for rate set-
ting. Research, guided by the extent of the variance 
in premiums within rate classes, would be required to 
determine how many categories of water surface eleva-
tion–exceedance probability functions would be needed 
to create more homogeneous rate classes for negatively 
elevated structures, and thus to increase fairness to 
policyholders. Once the categories are determined, new 
flood studies and mapping would likely be required in 
regions with significant numbers of negatively elevated 
structures.

If new flood studies are not feasible, then alterna-
tive strategies could be developed to guide selection 
of the appropriate category of water surface eleva-
tion–exceedance probability function to use for rating 
a structure. For example, a strategy similar in concept 
to the U.S. Geological Survey’s regional regression 
equations1 for estimating flood flow discharges from 
selected meteorological, hydrologic, and hydraulic 
properties of the watershed, channel, and floodplain 
could be employed to guide selection of the appropriate 
water surface elevation–exceedance probability func-
tion. Such an approach would account for all drivers of 
rising water surface elevations, including coastal waves 
where appropriate.

1 See http://water.usgs.gov/osw/programs/nss/pubs.html.

Capturing the Loss Potential from  
Very Frequent Flooding

The accuracy with which more frequently exceeded 
floods are represented in the water surface elevation–
exceedance probability function is particularly impor-
tant for assessing risk for negatively elevated structures. 
In the NFIP average annual loss calculation, the loss at-
tributable to each depth of inundation is multiplied by 
the probability of that inundation, then summed over 
all possible probability values. Thus, higher probability 
events have a significant impact on the average annual 
loss. Depending on the inundation depth–exceedance 
probability function and the structure elevation, the 
threshold annual chance exceedance value for damage 
to negatively elevated structures may be as great as 
50 percent (the 2-year flood), with a significant portion 
of the loss caused by floods with the value much greater 
than 1 percent (i.e., by floods more frequent than the 
100-year flood).

Figure 4.1 shows the annual damage–exceedance 
probability function derived for a $250,000 structure 
located 4 feet below the 1 percent annual chance ex-
ceedance elevation. The structure in this example is in 
a floodplain for which the 10 percent annual chance 
exceedance water surface elevation is 3 feet less than 
the 1 percent annual chance exceedance water surface 
elevation (Zone A6). The average annual loss for 
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FIGURE 4.1  Illustration of a damage–exceedance probability function for the same structure at two elevations. (Solid line) Lowest 
floor elevation 4 feet below the base flood elevation (negatively elevated structure). (Dashed line) Lowest floor elevation equal to the 
base flood elevation.
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the structure, computed by integrating the damage–
exceedance probability function, is approximately 
$8,880. For this negatively elevated structure, approxi-
mately 30 percent of that loss is attributable to events 
more frequent than the 10 percent annual chance 
exceedance (10-year) event, and 60 percent of the loss 
is attributable to events more frequent than the 5 per-
cent annual chance exceedance (20-year) event. Only 
11 percent of the average annual loss is attributable to 
events less frequent than the 1 percent annual chance 
exceedance event. By comparison, all of the loss to a 
structure with a first floor elevation equal to the base 
flood elevation is attributable to events less frequent 
than the 1 percent annual chance exceedance event 
(dashed line in Figure 4.1). 

The contribution of small flood events to the 
average annual loss is greater in locations with smaller 
differences between the 1 percent and 10 percent an-
nual chance exceedance water surface elevations. For 
example, if the water surface elevation difference is 
0.5 feet (Zone A1), then 88 percent of the average 
annual loss is due to the 10 percent annual chance 
exceedance (10-year) event or to more frequent events. 
If the water surface elevation difference is 8 feet 
(Zone A16), then 49 percent of the average annual loss 
is due to events less frequent than the 1 percent annual 
chance exceedance (100-year) event, while events more 
frequent than the 5 percent annual chance exceedance 
(20-year) event contribute nothing to the loss.

Average annual loss calculations for negatively 
elevated structures are also sensitive to even small in-
accuracies in inundation depth estimates at the lower 
end of the water surface elevation–exceedance prob-
ability function. For the example shown in Figure 4.1, 
if inundation depths for events more frequent than 
those with a 10 percent annual chance of exceedance are 
0.3 feet greater than those shown in the PELV curve (a 
reasonable tolerance in hydrologic and hydraulic analy-
sis model results), then the average annual loss increases 
from $8,800 to approximately $10,220 (a 15 percent 
increase). If the inundation depths are 0.3 feet less than 
shown in the PELV curve, then the average annual loss 
is approximately $7,960 (a 10 percent decrease).

Potential Changes to the NFIP Method.  The loss 
potential for negatively elevated structures is driven 
by losses from floods more frequent than those with 

1 percent annual chance of exceedance. Careful defini-
tion of the water surface elevation–exceedance prob-
ability function throughout the entire range of floods 
would ensure that the PELV curves capture the most 
frequent flood events. Site-specific water surface eleva-
tion–exceedance probability functions would represent 
the full range of floods, including very frequent floods. 
If developing site-specific water surface elevation–
exceedance probability functions is not practical, then 
the NFIP could develop categories of PELV curves, as 
described in the previous section, with special atten-
tion given to frequent events. The shape of the current 
PELV curves is dictated by the difference between the 
1 percent and 10 percent annual chance exceedance 
depths. For negatively elevated structures, the PELV 
curves would also have to reflect the relative magnitude 
of more frequent events, such as the difference between 
the 1 percent, 10 percent, and 50 percent annual chance 
exceedance depths.

DELV

The NFIP predicts economic loss due to inunda-
tion using a DELV curve, which expresses damage as a 
percentage (damage ratio) of a structure’s replacement 
value for a specified depth of water in the structure. 
The NFIP uses two models—the damage functions 
derived from the NFIP claims data and the U.S. Army 
Corps of Engineers (USACE) damage functions—to 
develop a blended DELV model. A standard actuarial 
technique (credibility weighting) is used to combine 
the two models. The more credible the NFIP claims 
data, the less weight is given to the USACE damage 
estimates. Different DELV curves are developed for 
different structure types and contents locations.

Three aspects of the inundation depth–damage 
function and its development affect premiums for 
structures in the NFIP portfolio, including negatively 
elevated structures. First, inundation depth–damage 
data are highly variable. Second, data quality problems 
may compromise the integrity of the DELV curves 
(see Chapter 5). Third, the NFIP credibility weight-
ing method in many cases assigns greater weight to the 
USACE damage estimates for a selected inundation 
depth than the NFIP damage estimates for the same 
depth without considering whether the quality of the 
underlying USACE data is better than the NFIP data.
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Variability of NFIP Damage Estimates

A reliable damage estimate is critical to the compu-
tation of the average annual loss. The NFIP frequently 
refines its inundation damage prediction functions 
using actual claims data. However, the claims data for 
a selected depth of inundation used in this refining are 
highly variable. For example, Figure 4.2 shows the dis-
tribution of damages reported for 2 feet of inundation 
depth in 2 years: 2005 and 2012. In these examples, 

damage ratios vary from zero to 100 percent. Figure 4.3 
shows the coefficient of variation, which is the ratio of 
the standard deviation to the mean damage ratio, for 
one-story residential structures with no basement. The 
coefficient of variation is greater than 0.6 for water sur-
face elevations -4 feet below to +4 feet above the lowest 
floor elevation, and is greater than 1.0 for some water 
surface elevations below the lowest floor elevation. In 
other types of structures, the coefficient of variation 
may be different.

FIGURE 4.2  Distribution of NFIP flood damage data (assuming reported inundation depths are in feet) for 2 feet of flooding in 2005 
(top) and 2012 (bottom).  SOURCE: Data provided by Andy Neal, FEMA.
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FIGURE 4.3  Coefficient of variation—the ratio of the standard deviation to the mean damage ratio—determined for one-story 
residential structures with no basement in the NFIP portfolio. Damage reports from 2005 are excluded to avoid biasing results with 
damage from extreme coastal flooding in that year.  SOURCE: Data provided by Andy Neal, FEMA.

The variance observed in Figure 4.2 may be at-
tributable to (1) a failure of inundation depth alone to 
adequately predict damage, (2) poor data quality (see 
Chapter 5), or (3) unrecognized variability within a 
structure class. Besides depth, characteristics of flood 
events that may influence the nature and extent of 
flood damage to a structure (and the observed vari-
ance in NFIP reported claims) include tidal- and 
wind-driven wave height, flow velocity, duration of 
inundation, debris and impact loads, sediment load, 
buoyancy, scour effects, erosion, and contamination 
(McBean et al., 1988; Thieken et al., 2005). As a 
result, floods with the same inundation depth may 
cause different damage. A suggestion that some of 
these factors contribute to damage is illustrated in 
Figure 4.4, which shows the mean flood damage 
ratio as a function of inundation depths for 2005 
and 2012. The data for 2005 are dominated by Hur-
ricane Katrina, which caused extensive damage in 
Louisiana and Mississippi. In New Orleans, where 
many structures behind levees are negatively elevated, 
some structures were inundated for an unusually long 
period of time, exacerbating damage, and others were 
near levee breaches where higher flow velocities in-
creased forces on structures and caused more damage 
than predicted by depth alone. In Mississippi, which 
was not protected by coastal barriers, flood damage 

caused by high inundation depths and wind-driven 
waves extended many miles inland (Fritz et al., 2007). 
The difference between the 2005 and 2012 data could 
be interpreted as reflecting the effect of duration of 
inundation or to other factors, such as wave effects, 
scour at levee breaches, or the effects of debris.

The variance in damage reports may also be at-
tributable to vulnerability differences among struc-
tures within a given category. For example, the NFIP 
develops a DELV curve for all one-story, no basement 
residential structures without regard to the replacement 
value of the structures. However, the higher quality 
materials and construction used in more expensive 
structures may suffer greater damage (have higher dam-
age ratios) at lower inundation depths than the mate
rials and construction used in less expensive structures.

Potential Changes to the NFIP Method.  To better 
understand the large variance in damage data, addi-
tional data on flood hazard characteristics (e.g., depth 
and duration of flooding, flow velocity, sediment load) 
and structure vulnerability (e.g., properties of the foun-
dation, quality of materials used in the construction and 
finish) would have to be collected in damage reports 
and analyzed. In addition, more classes of damage pre-
diction functions may have to be developed to capture 
critical differences in drivers in the risk calculation. For 
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FIGURE 4.4  Variation in the mean damage as a function of the inundation depth (assumed to be in feet) for the NFIP for 2005 and 
2012.  SOURCE: Data provided by Andy Neal, FEMA.

example, functions might be developed to represent 
damage that is due primarily to inundation depth; dam-
age that is due primarily due to inundation depth and 
duration (likely to be particularly important for nega-
tively elevated structures); and so on. Developing these 
functions would require improved data collection (see 
Chapter 5) and research to establish reliable predictors 
of damage and their probabilities.

Weight Assigned to USACE Damage Estimates

The NFIP credibility weighting procedure (FEMA, 
2003) estimates damage for each specified inundation 
depth as follows:2

•	 If the NFIP claims sample is large enough to 
assign 100 percent credibility at a selected con-
fidence level (e.g., 90 percent),3 then the NFIP 
uses the damage estimate from claims reports. 

2 Personal communication from Andy Neal, FEMA, on April 11, 
2014.

3 The number of claims needed for full credibility =
 

×
×







Z S
D X

2

,

where Z is half the standard normal distribution value correspond-
ing to a required confidence, S is the sample (collection of claims 
corresponding to a water depth category) standard deviation, D is 

•	 If NFIP claims data are not available, then the 
NFIP uses the USACE estimate of damage.

•	 If NFIP claims data are available, but not fully 
credible because of the small sample size, then 
the NFIP uses a weighted average of the NFIP 
claims data and the USACE damage estimates.

Figure 4.5 shows an example of the credibility 
analysis for 2005 loss data. The top figure shows the 
relative weights given to NFIP and USACE loss data 
from the credibility analysis. For inundation depths 
between zero and 5 feet, there are a sufficient number 
of NFIP claims data to assign full weight to the dam-
ages predicted with them; no weight is assigned to the 
USACE estimates for inundation depths in that range 
(Figure 4.5, top). For greater and lesser inundation 
depths, NFIP claims data are sparse, and the USACE 
damage estimates are weighted heavily. The bottom 
figure shows the damage ratio function derived from 
NFIP claims data, USACE damage estimates, and 
the blended result using the weights from the top 
figure. In this case, the blended DELV curve tracks 

the desired relative error of the estimated mean, and X is the sample 
mean (FEMA, 2003).
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FIGURE 4.5  Illustration of the NFIP credibility analysis for 2005 loss data. (Top) Relative weights assigned to the NFIP data and the 
USACE data based on the credibility weighting methodology. (Bottom) Comparison of the NFIP claims data, USACE damage estimates, 
and the blended result using the credibility weighting methodology.

the USACE inundation depth–damage function (Fig-
ure 4.5, bottom).

The NFIP credibility analysis looks only at the 
size of the NFIP claims dataset (the number of data 
points required to produce a credible estimate) and 
the data variance. Other relevant factors are not in-
cluded, such as the quality of the data (measurement 
and reporting errors), the diversity of the data (e.g., 
the number of flood events, variability among flood 
events), the number of damage observations associ-
ated with individual flood events, structure variability, 

or other drivers of damage. In addition, the credibility 
criteria (data variance and size of the claims dataset) 
are applied only to the NFIP data, not to the USACE 
inundation depth–damage function. Finally, the NFIP 
does not evaluate the quality of the USACE damage 
data. Thus, in some cases, unreliable estimates from the 
USACE will be given higher weight than high-quality 
but sparse NFIP claims data.

Potential Changes to the NFIP Method.  The NFIP 
could improve estimates of potential damage due to 
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inundation by developing new inundation depth–
damage functions using long-term averages of NFIP 
claims data or data from other sources. A new cred-
ibility analysis could then be implemented to adjust 
values as newer claim data become available. Smaller 
improvements could be made using the current weight-
ing procedure, incorporating an assessment of the 
sample size and quality of both NFIP claims data 
and USACE damage estimates. Such changes would 
enhance the weighting procedure, and thus improve 
estimates of potential damage due to inundation—or 
at least improve the confidence in those values. To 
incorporate the credibility of the USACE damage esti
mates into the weighting procedure, the NFIP would 
have to investigate and assess the quality and statistical 
significance of the USACE inundation depth–damage 
functions used. This may be straightforward with the 
new USACE damage functions being created (e.g., 
USACE, 2015), but would likely prove to be a chal-
lenge with the USACE inundation depth–damage 
functions used in the credibility analysis because little 
documentation of those functions is available.

UNDERINSURANCE

The NFIP computes flood loss by applying the 
damage ratio from the appropriate DELV curve to the 
replacement cost value of the structure. The objective 
is to set a rate that, when multiplied by an amount of 
insurance, will produce a premium that makes a suf-
ficient contribution to the risk pool to cover the NFIP’s 
expected losses. If the insurance limit of a policy is 
significantly less than the replacement value of the 
structure—a situation referred to as underinsurance—
then the concept of recovering loss through pooling 
premiums can break down, and both the policyholder 
and the insurer are threatened financially. For the 
policyholder, underinsurance means a loss may not be 
covered fully if the loss exceeds the amount of insur-
ance purchased. For the insurer, underinsurance means 
that premiums collected for the underinsured property 
may not adequately reflect the loss, unless adjustments 
are made.

Empirical evidence shows that homeowners are 
often reluctant to protect themselves against low-
probability high-consequence events, such as floods, 
and so purchase too little or no insurance unless re-

quired to do so (e.g., Kunreuther, 1984). The NFIP 
encourages, but does not require, the purchase of “in-
surance to value,” hence avoiding underinsurance, by 
providing replacement cost coverage if a single family 
structure is insured to at least 80 percent of its value 
at the time of loss (or to the full statutory limit of 
$250,000 for structures). Otherwise, the loss is settled 
on an actual cash value basis. The program also encour-
ages the purchase of higher amounts of insurance by 
charging less for amounts of insurance purchased above 
the basic limits threshold, currently $60,000 for a single 
family building. The statutory mandatory flood insur-
ance purchase requirement ties the amount of insurance 
to be purchased to the outstanding balance of the loan 
on the property for federally backed or regulated mort-
gages (if there is one). This balance may be less than the 
replacement value, and some lenders require insurance 
to value. In addition, the statutory limit of $250,000 on 
coverage for single family structures means that many 
structures cannot be covered to their full value. These 
statutory limitations may lead to underinsurance.

The NFIP method to compensate for under
insurance is to use a loading factor (UINS) in the rate 
formula. The loading factor adjusts the rate so that col-
lectively the premiums reflect the amount of expected 
annual loss, thus protecting the NFIP from potential 
premium shortfalls as a result of underinsurance. To 
calculate underinsurance, the rate formula shown in 
Box 2.1 is expanded to account for losses that are not 
covered when the limits are lower than the property 
value (see Formula 3 in FEMA, 2013d). Application 
of the NFIP rate formula to the rate classes produces 
results that are consistent with the first loss scales ap-
proach (Box 4.1). The breadth of a rate class can be a 
factor in how effective either approach is in treating 
underinsurance and in pricing the different layers of 
risk.

In the VE zone (along coasts, with additional haz-
ard due to wave velocity), where very high premiums 
and high building values can lead to underinsurance, 
the NFIP rate depends on how much insurance is being 
purchased as a percentage of the building value. In all 
other zones, the rate loadings reflect a broader average 
of the amounts of insurance purchased relative to the 
building values. This broader averaging may be prob-
lematic if properties within a rate class are underinsured 
by substantially different amounts, as may happen when 
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BOX 4.1 
First Loss Scales

Financial risk in insurance can be treated as having three layers: the deductible, the insured limit, and the difference between the insured limit 
and the value of the property (if it exceeds the policy limit of liability). The standard private industry practice is to apply a rate to the total replacement 
value of the property to develop the pure premium (average annual loss) and then to modify this rate to take account of the uninsured layers. The relative 
price for each layer is determined by applying what is referred to as a first loss scale. Claims data are used to determine the frequency of loss relative to 
the insured amount, and this relationship is used to assign the relative price of each layer of risk. Generally, for any given property, the first dollars of 
coverage are more expensive to provide than the last. This is why increasing a deductible (the first layer of financial risk) can have a large impact on 
reducing the premium, whereas purchasing higher amounts of coverage (second layer of financial risk) may not increase the overall premium very much.

First loss scales are generally used in the insurance industry to rate individual properties. The NFIP rate formula is applied to classes of proper-
ties, but the resulting rates are consistent with those that would be developed for classes of properties using first loss scales.

negatively elevated structures are in the rate class. In 
such cases, the premiums paid for fully insured proper-
ties can end up subsidizing the underinsured properties.

The examples that follow illustrate how underin-
surance may affect rates for negatively elevated struc-
tures. In the examples, the structure elevation (8 feet 
below the base flood elevation) and location (Zone 
A18) are constant, and the building value and the 
amount of insurance purchased vary (see Table 4.3). 
Examples 1 through 3 illustrate first loss scales prin-
ciples in that (1) the required premium is not reduced 
much when the lower limits of coverage are purchased 
and (2) the rate for the amount of insurance being 
purchased must be increased, reflecting that it is a more 
expensive layer of coverage (see the first loss scales 
discussion in Box 4.1).

Example 1 is a building fully insured to its replace-
ment cost of $200,000. The premium needed to cover 
the expected NFIP loss is $5,608, and the associated 
rate is $2.80 per $100 of coverage purchased. The 
DELV model of potential damage to this structure 
predicts maximum damage of $156,800 for inunda-
tion depths greater than 12.5 feet. In Example 2, the 
amount of insurance purchased for the same building 
is $170,000. Even though this is less than the replace-
ment cost, in residential property coverage, this amount 
is generally still considered to be “insured to value.” 
As with Example 1, no loss greater than $156,800 is 
predicted for the $200,000 structure. All losses to the 
structure are covered, and so the premium needed to 
cover the expected annual loss is still $5,608. However, 
the rate needed to generate that premium increases to 

$3.30 per $100 of coverage purchased. If this degree 
of underinsurance was the average amount for the rate 
class, then the NFIP would charge the rate of $3.30, 
rather than $2.80.

In Example 3, the amount of insurance purchased 
for the $200,000 structure covers only half of the build-
ing value (Table 4.3). Some losses to the NFIP will be 
avoided; even though the maximum loss predicted by 
the DELV calculation is $156,800 for an inundation 
depth of 12.5 feet, only losses up to the insured value 
of $100,000 will be paid. The premium needed to cover 
the expected loss is slightly lower than in Examples 1 
and 2 ($5,075, compared with $5,608). However, the 
rate needed to generate the required premium rises by 
35–45 percent to $5.07 per $100 of coverage purchased. 
The policy will pay out for more frequent damaging 
events (such as those that affect negatively elevated 
structures) for which claims are less than the policy limit.

Examples 1 and 4 illustrate the impacts of under
insurance for a high valued building ($1 million) com-
pared to a relatively low valued building ($200,000; 
Table 4.3). The current NFIP statutory limit on cover-
age is $250,000, and the high valued building is insured 
to that amount. Even though the NFIP will not pay for 
losses higher than that amount, the premium needed to 
cover the losses that will be paid is $17,800 and the rate 
is $7.12. If the high valued and low valued buildings 
are in the same rate class, the rate for the entire class 
must be raised to compensate, leading to a form of rate 
compression. Thus, losses to expensive houses can wind 
up being heavily subsidized by premiums paid on less 
expensive houses.
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Potential Changes to the NFIP Method.  Policyholders 
underinsure their property because they do not under
stand their flood risk, high premiums create an incen-
tive to underinsure, or statutory limits prevent them 
from purchasing enough flood insurance. Better com-
munication of flood hazard and flood risk could help 
policyholders understand their flood risk, which could 
lead them to purchase sufficient insurance. Possible 
solutions to the deliberate purchase of too little insur-
ance include (1) raising premiums for policyholders 
who elect to purchase a lower amount of insurance 
than warranted by their risk, although this may not 
be cost effective for the NFIP; (2) reducing loss pay-
ments or charging penalties if it is discovered that the 
declared value of the property is too low, although heavy 
penalties may be hard to impose in practice because 
they would likely cause political problems; and (3) ex-
panding the treatment of underinsurance for VE zone 
structures to all structures in the NFIP portfolio. The 
first two are practices used in the insurance industry. 
The third is used by the NFIP. Rather than making one 
overall adjustment in the rate for underinsurance in VE 
zones, the NFIP varies the rate based on the ratio of 
the amount of insurance purchased to the replacement 
cost value of the building. Three ratios are considered: 
less than 0.5; between 0.5 and 0.74; and 0.75 or more. 
A more refined classification scheme such as this could 
reduce the potential for cross subsidies.

Although outside the control of the NFIP, rais-
ing the statutory limits on federal flood insurance 
could lessen the underinsurance problem. The limits 
have not changed since 1994, even to correct for in-
flation ($250,000 in 1994 is equivalent to $402,000 
in 2014). As a reference point, the average value of 
owner-occupied houses in California was $108,000 in 
1994 and $233,600 in 2014.4 These are only averages, 
meaning that many policyholders have a structure 
value above the current $250,000 limit. At a national 
level, the committee’s analysis of the NFIP portfolio 
reveals that the proportion of single-family flood insur-
ance policies at the $250,000 limit has increased from 
11 percent in 2000 to 48 percent in 2012. As building 
replacement cost values increase over time, larger num-
bers of buildings may become underinsured, worsening 
the problem of cross subsidies illustrated above.

4 Data from http://www.lincolninst.edu/subcenters/land-values/
land-prices-by-state.asp.

Another issue that affects the treatment of under-
insurance is data quality. In the NFIP, insurance com-
panies and agents use their own methods to estimate 
replacement cost (e.g., property sales data, construction 
costs, maximum amount of insurance coverage), and so 
the estimates are often inconsistent. More consistent 
replacement cost values could improve the under
insurance adjustment as well as other terms in the 
NFIP actuarial rate formula, such as DELV. Potential 
ways to improve replacement cost values are discussed 
in Chapter 5. 

DEDUCTIBLES

A deductible is the amount a policyholder pays 
for a loss before the insurance coverage is triggered. 
Deductibles can provide savings both to the insurer 
and the policyholder. For the insurer, deductibles re-
duce a portion of the loss or eliminate smaller claims 
and the associated claim handling expenses. For the 
policyholder, deductibles lower the insurance premium. 
In general, the higher the deductible, the lower the 
premium because the deductible reduces the predicted 
claim loss for the insurer. In addition, paying some part 
of the loss can encourage policyholders to take mitiga-
tion actions, thereby reducing the potential for losses 
to both policyholders and insurers.

Deductibles can be offered as a defined amount 
unrelated to the limits of liability or the insured asset 
value, as a percentage of the limits of liability, or as a 
percentage of the insured asset value. To address any 
potential underreporting of values, the deductible is 
most often expressed as a percentage of value at the 
time of loss. The NFIP offers deductible options as 
set dollar amounts, not as percentages of insurance 
purchased or property value. Because premiums for 
negatively elevated structures are expected to be high 
when risk-based rates are implemented, it is important 
for the NFIP to look for ways that policyholders can 
reduce their premiums and receive deductible discounts 
that are appropriate for the expected losses.

The current NFIP minimum deductibles for build-
ing and contents coverages range from $1,000 to $2,000 
(Table 4.4), and the maximum deductible available for 
residential properties is $5,000 each for structure and 
contents coverage. Research shows that most people 
prefer low deductibles for all types of insurance, even 
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though they will have to pay more for losses (Eldred, 
1980; Cutler and Zeckhauser, 2004; Sydnor, 2006). 
In an analysis of flood insurance deductible choices of 
homeowners in Florida, Michel-Kerjan and Kousky 
(2010) found that nearly 80 percent of policyholders 
chose the lowest building deductible available, and 
about 18 percent chose the second lowest deductible 
available ($500 at the time). Such a low deductible has a 
significant financial impact on the NFIP. The commit-
tee’s analysis of national claims data for single family 
residences insured by the NFIP shows that increasing 
the minimum deductible to $2,500 would have saved 
the NFIP $1.6 billion in claims payments over the 
1985–2009 period, and that increasing the minimum 
deductible to $5,000 would have saved $3.4 billion in 
claims payments. Of course, NFIP savings from these 
higher deductibles would be partly offset by the larger 
premium discounts offered to policyholders.

Potential Changes to the NFIP Method.  One way to 
reduce the anticipated premium increase for nega-
tively elevated structures is to increase the minimum 
deductible. In addition, changes could be made in the 
way premium discounts are calculated. The current 
NFIP premium discounts for single family residences 
depend only on the dollar amount of the deductible 

selected and whether the insurance rating is for a pre-
FIRM or post-FIRM structure. This simple approach 
averages the effect of different deductibles on losses, 
masking connections between deductible amounts, 
premium discounts for deductibles, and loss drivers, 
such as flood hazard and structure value. Refining the 
current NFIP approach to account for differences in 
flood risk and structure values would result in higher 
premium discounts and thus lower premiums for lower 
valued properties. These higher discounts could be 
meaningful with the high premiums anticipated for 
negatively elevated structures. The NFIP could also 
explore expressing deductibles as a percentage of the 
insured value, as is done in earthquake and hurricane 
insurance policies. This approach would more closely 
align the deductible discounts with the replacement 
values of the structures.

Regardless of which approach is taken, making the 
results widely available and as transparent as possible 
could promote policyholders’ understanding of the ef-
fects of deductible choices. For example, tools like the 
price simulator applications found on some private in-
surance company websites show how premiums would 
change for different deductible amounts and coverage 
limits, helping policyholders make more informed deci-
sions on purchasing insurance.

TABLE 4.4  Current Minimum Deductibles for all NFIP Policies

Post-FIRM Rating Pre-FIRM Rating

Building Coverage Building Contents Building Contents

Below $100,000 $1,000 $1,000 $1,500 $1,500

Above $100,000 $1,250 $1,250 $2,000 $2,000

SOURCE: NFIP Insurance Agents Manual, June 2014, pp. 14-15.
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National Flood Insurance Program (NFIP) 
methods for calculating risk-based premiums 
balance statutory requirements, actuarial prin-

cipals, and practical considerations, such as feasibility, 
cost, and ease of implementation. Much of this balanc-
ing was based on the data and technology that were 
available in the early years of the program. However, 
expected statutory changes (i.e., a shift from subsidized 
to risk-based rates for negatively elevated structures) 
and concerns raised in program reviews (e.g., GAO, 
2014) are driving a change in NFIP methods. In addi-
tion, technological advances (e.g., increased computing 
power; availability of lidar and web-based mapping; 
new techniques for providing greater spatial resolution 
in hazard modeling) are enabling analyses that were 
not practical in the early 1970s, when NFIP methods 
were developed. This chapter presents the committee’s 
primary conclusions about calculating risk-based rates 
for negatively elevated structures, organized around the 
study tasks (Box 1.1).

CURRENT NFIP METHODS

The first task of the committee was to review 
current NFIP methods for calculating risk-based 
premiums for negatively elevated structures, including 
risk analysis, flood maps, and engineering data (see 
Box 1.1). NFIP methods for setting risk-based rates 
were developed for rating post-FIRM structures (i.e., 
those complying with NFIP construction standards), 
and their use has been tailored for structures with low-
est floor elevations at or above the base flood elevation. 

The methods have also been applied for setting rates for 
about one-quarter of the negatively elevated structures 
in the NFIP portfolio (see “NFIP Insurance Rates” in 
Chapter 2).

Overall, the committee found that current NFIP 
methods for setting risk-based rates do not accurately 
and precisely describe critical hazard and vulnerability 
conditions that affect negatively elevated structures, 
including very frequent flooding, a longer duration of 
flooding, and a higher proportion of damage from small 
flood events. In addition, many NFIP methods were 
developed decades ago and do not take full advantage 
of modern technological and analysis capabilities. Spe-
cific conclusions about NFIP methods are summarized 
below.

ALTERNATIVE APPROACHES

The second task of the committee was to evalu-
ate alternative approaches for calculating risk-based 
premiums for negatively elevated structures. The com-
mittee considered both incremental changes to current 
NFIP methods and different approaches, which would 
require research, development, and standardization; 
new data collection; and user training.

Incremental Changes to Current NFIP Methods

Conclusion 1.  Careful representation of frequent 
floods in the NFIP PELV curves is important for as-
sessing losses for negatively elevated structures. The 
shape of the PELV curve depends primarily on the 

5

Alternative Approaches and Implementation
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difference between the 1 percent and 10 percent annual 
chance exceedance depths. However, a significant por-
tion of potential losses to negatively elevated structures 
are caused by depths exceeded more frequently than 
once in 10 years on average (those with a 10 percent 
annual chance of exceedance). A short-term step to ad-
dress this problem is to use information from existing 
detailed flood studies to refine the PELV curves so that 
they define more accurately the water surface elevations 
for frequent floods. If a flood study developed the flow 
frequency information needed to determine a base 
flood elevation (1 percent annual chance exceedance 
elevation), then it could easily be expanded to deter-
mine more frequent water surface elevations. The in-
cremental cost to extract this information from existing 
studies and to use it to refine the PELV curves is small 
compared to the cost of carrying out a new detailed 
flood study (typically $13,000 per mile in riverine areas 
and $9,300 per mile in coastal areas; see NRC, 2009).

Conclusion 2.  Averaging the average annual loss 
over a large set of PELV curves leads to rate classes 
that encompass high variability in flood hazard for 
negatively elevated structures, and thus the pre
miums charged are too high for some policyholders 
and too low for others. An incremental change is to 
calculate the average annual flood loss component of 
the premium rate using a PELV curve that represents 
the flood hazard at the structure’s location, rather than 
basing the calculation on the 30 PELV curves that 
represent flood hazard nationally. Local meteorological, 
watershed, and floodplain properties (e.g., terrain, pres-
ence of levees) could be used to guide the selection of 
the appropriate PELV curve or to develop new PELV 
curves using longer records and modern analysis tech-
niques. This adjustment would lead to more narrowly 
defined rate classes and premiums that better reflect the 
local flood hazard.

Conclusion 3.  NFIP claims data for a given depth of 
flooding are highly variable, suggesting that inunda-
tion depth is not the only driver of damage to struc-
tures or that the quality of the economic damage and 
inundation depth reports that support the insurance 
claims is poor. Investigating the relationship between 
claims and the depth and duration of inundation is par-
ticularly important for negatively elevated structures, 

which are inundated by a flood longer than structures 
above the base flood elevation. An incremental im-
provement is to develop new classes of damage predic-
tion functions that capture key damage drivers (e.g., 
depth and duration of inundation, flow velocity, water 
contamination, debris content) and use the appropri-
ate function in the rate calculation. Research and new 
data collection would be required to determine which 
drivers for estimating flood damage are important. 
The incremental costs for collecting additional data on 
structure characteristics is likely to be low, and the cost 
for carrying out the research is likely to be moderate. 
The contribution of data quality to the variability in 
claims data is discussed below (see “Supporting Data”).

Conclusion 4.  When the sample of claims data is 
small, the NFIP credibility weighting scheme as-
sumes that U.S. Army Corps of Engineers (USACE) 
damage estimates are better than NFIP claims data, 
which has not been proven. With almost 50 years of 
NFIP claims data, it may no longer be necessary to 
incorporate USACE damage models of unknown ori-
gin and quality into NFIP damage estimates. Instead, 
the NFIP could rely on improved damage models (see 
Conclusion 3) and its own and other flood damage 
reports (including damage reports from USACE, the 
National Weather Service, and state and local agencies 
involved in post-flood damage assessments) to adjust 
the DELV curves annually. This approach would 
take advantage of better models, a larger dataset, and 
multiple sources of damage data, which would provide 
an independent check on NFIP data quality. Smaller 
improvements could be made by determining the qual-
ity of the USACE data—a difficult task given the lack 
of documentation—and revising the NFIP credibility 
scheme to weigh the two datasets appropriately.

Conclusion 5.  Levees may reduce the flood risk 
for negatively elevated structures, even if they do 
not meet NFIP standards for protection against 
the 1 percent annual chance exceedance flood. An 
incremental step is to modify the Levee Analysis and 
Mapping Procedure (LAMP) to assess the ability of 
nonaccredited levees to prevent inundation of nega-
tively elevated structures by events more frequent than 
the 1 percent annual chance exceedance flood. LAMP 
implementation has only recently begun, and so the 
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cost of application is uncertain. Much of the effort 
focuses on developing and calibrating models that can 
be used for floods with various exceedance probabili-
ties. The effort to modify the procedure and use the 
results in the average annual loss calculation is likely 
to be moderate. The procedure is already being applied 
for the 1 percent annual chance exceedance flood, and 
so the incremental cost to apply it for more frequent 
events will likely be low. However, the cost to collect 
the data necessary to assess the levee performance and 
reduction of flood risk may be high, especially for levees 
that have never been certified.

Conclusion 6.  When risk-based rates for negatively 
elevated structures are implemented, premiums 
are likely to be higher than they are today, creating 
perverse incentives for policyholders to purchase 
too little or no insurance. As a result, the concept of 
recovering loss through pooling premiums breaks 
down, and the NFIP may not collect enough pre
miums to cover losses and underinsured policy
holders may have inadequate financial protection. 
A short term solution for discouraging the deliberate 
purchase of too little insurance, and to fairly compen-
sate for it, is to tie the underinsurance adjustment to 
the ratio of the amount of insurance purchased to the 
replacement cost value of the structure, as is currently 
done for structures in the VE zone. Alternatively, the 
NFIP could reduce loss payments or impose other 
penalties for severely underinsured structures, although 
public policy issues may also have to considered. The 
cost to implement these changes will likely be low. 

Conclusion 7.  Adjustments in deductible discounts 
could help reduce the high risk-based premiums ex-
pected for negatively elevated structures. Premium 
discounts are currently based on the dollar amount 
of the deductible chosen and whether the structure 
is pre- or post-FIRM. However, more refined PELV 
curves and more accurate replacement cost information 
in rating policies can be used to structure deductible 
discounts that are more appropriate to individual ex-
pected annual losses. Minimum deductibles could also 
be increased, which would reduce premiums as well 
as NFIP expected claims payouts overall. The costs to 
implement these changes are likely to be low.

New Approach: A Comprehensive Risk Assessment

Conclusion 8.  Modern technologies, including 
analysis tools and improved data collection and 
management capabilities, enable the development 
and use of comprehensive risk assessment methods, 
which could improve NFIP estimates of flood loss. 
A comprehensive risk assessment would describe risk 
over the entire range of flood hazard conditions and 
flood events, including the large, infrequent floods 
that cause substantial losses to the NFIP portfolio, and 
the smaller, frequent floods that make up a significant 
portion of loss to negatively elevated structures. It 
would also describe the various levels of protection of-
fered by all elements of a flood protection system (e.g., 
reservoirs, levees, floodwalls, diversions and bypasses, 
channels, warning systems) and mitigation measures 
(e.g., elevating structures) through the entire range of 
flood events. Finally, a comprehensive risk assessment 
would account explicitly for uncertainty and chang-
ing conditions. Epistemic and aleatory uncertainties 
are accounted for through the risk analysis, including 
uncertainty about current and future flood hazard; 
structure value, vulnerability, and elevation; and current 
and future performance of flood protection measures. 
The results of a comprehensive risk assessment would 
improve the accuracy, precision, and robustness of flood 
loss estimates. It would also provide additional infor-
mation to support management of the NFIP portfolio.

The NFIP already has taken some steps toward 
a comprehensive risk assessment (e.g., by developing 
multi-frequency depth grids). In addition, the NFIP is 
collaborating with the USACE to align methods. For 
example, a joint USACE–Federal Emergency Manage-
ment Agency (FEMA) task force recommended the 
following for the NFIP (USACE and FEMA, 2013, 
p. 14):

Eliminate the concept of levee system accreditation 
and instead implement a risk-informed suite of NFIP 
actions. This involves a more holistic change within the 
NFIP from a single “in or out” boundary of 1 percent 
annual chance exceedance for insurance and floodplain 
management to graduated zones that reflect risk, in-
cluding consequences. This could include insurance 
premiums scaled for each parcel/risk zone, whether 
leveed or not, and implementation of risk-informed 
floodplain management requirements scaled to the 
risk zones.
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Key steps in implementing a comprehensive risk 
assessment include the following:

•	 Develop or adapt a framework and software 
for the analysis. The software would have to 
integrate descriptions of hazard, exposure, 
vulnerability, performance, and uncertainty 
about those components to compute the dis-
tribution of flood losses and the average annual 
loss and to assess risk for individual structures, 
communities, or the entire portfolio of insured 
structures. The procedures and software would 
have to be consistent and applicable for a 
broad user base. Developing the software and 
procedures, training users, and shifting opera-
tions from the current hydrologic method to a 
comprehensive risk assessment would likely be 
expensive. However, taking advantage of exist-
ing procedures and software tools developed by 
the USACE (USACE, 1996),1 the NFIP,2 or 
other government agencies and private compa-
nies involved in floodplain management could 
yield significant cost savings.

•	 Describe flood hazard for every structure by 
modeling watershed, channel, tidal, and riverine 
and coastal floodplain characteristics at fine spa-
tial resolution. This description would replace 
the hazard information currently provided by 
the PELV curves. The NFIP’s multi-frequency 
depth grids, which use available hydrologic and 
hydraulic analysis to describe site-specific flood 
hazard, are a step in this direction. In certain 
cases, information from existing flood studies 
completed by the NFIP, the USACE, or other 
agencies is adequate for this purpose. In other 
cases, new studies will have to be completed to 
define the water surface elevation–exceedance 
probability functions. Modeling costs will be 
consistent with those incurred by the NFIP 
today, although additional model applications 
will have to be developed to compute inundation 
depths for the full range of flood frequencies. 
Where the terrain and hydraulics are complex, 
multi-dimensional hydraulic models will have 
to be developed to capture the water movement. 

1 See http://www.hec.usace.army.mil/software/hec-fda/.
2 See http://www.fema.gov/hazus.

These come at a greater cost. However, the 
capabilities of readily available, commonly used 
software—notably HEC-RAS—are expand-
ing, permitting multidimensional modeling to 
be carried out cheaper and faster than before 
(Brunner, 2014).

•	 Describe quantitatively the uncertainty about 
all of the components of the flood risk analysis. 
For example, it will be important to describe 
the distribution about the mean 50, 10, 1, and 
0.2 percent annual chance exceedance inunda-
tion depths. This distribution will depend on 
how the inundation depth–exceedance prob-
ability function is defined, including the size 
of the historical sample used to fit the prob-
ability model. Integrating uncertainty analysis 
into the rate calculation would add costs, 
because it imposes two new requirements on 
the NFIP: (1) the development of probability 
distributions of key inputs and (2) numerous 
repetitions of calculations. For some inputs, 
the probability distributions could be estimated 
with little additional effort. For example, infor-
mation about the distribution of damage in-
curred for a given inundation depth is currently 
reported and could be used to derive the dis-
tribution about the mean damage. Estimating 
uncertainty about other inputs would require 
more effort. In addition, training in methods 
for describing uncertainty of the various flood 
risk components will likely be required.

•	 Determine the elevation, replacement value, and 
relevant characteristics of insured structures. 
Structure elevation data are needed to develop 
a predictor of potential damage to the structure 
for all inundation depths. Replacement values 
are needed to identify the maximum potential 
damage and to develop more realistic damage 
models. Relevant structure characteristics need 
to be determined so that a proper predictor of 
damage can be used when structures are grouped 
for damage assessment. Low cost methods 
for obtaining structure elevation, replacement 
values, and structure characteristics are discussed 
below.

•	 Describe the performance of levees and other 
flood protection measures with probabilistic 
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models, which are not typically used in NFIP 
analyses. Developing these models is likely to 
be one of the more expensive elements of a 
comprehensive risk analysis framework. Some 
of the required input has been developed by the 
USACE, but the analysis would go further by 
capturing the system-wide performance of all 
elements of a flood protection system. In addi
tion, the NFIP technical investigations and 
analyses for levee certification are similar to 
those that would be required to develop fragil-
ity functions for each flood protection measure. 
New standards for these analyses and models 
would have to be developed and promulgated 
to ensure they are applied consistently.

The greatest improvements in precision and ac-
curacy and the fewest integration problems are likely 
if NFIP takes all steps, making the holistic change 
recommended by the USACE–FEMA interagency 
task force. However, these steps could be implemented 
independently, with some attention to their eventual 
inclusion in a comprehensive risk assessment.

SUPPORTING DATA

The third and fourth tasks of the committee con-
cern data. Task 3 was to discuss engineering, hydrologic, 
and property assessment data needed for implementing 
risk-based premiums for negatively elevated structures, 
and Task 4 was to discuss approaches for keeping these 
data updated. The discussion below focuses on near-
term data issues, which have been documented or seem 
likely to arise.

Data Collection

Conclusion 9.  Risk-based rating for negatively 
elevated structures requires, at a minimum, structure 
elevation data, water surface elevations for frequent 
flood events, and new information on structure 
characteristics to support the assessment of struc-
ture damage and flood risk. Water surface elevation 
data can be extracted from existing flood studies (see 
Conclusion 2). Data on structure elevation and char-
acteristics will have to be collected.

Structure Elevation.  Structure elevations have not 
been determined for approximately three-quarters of 
the structures in the NFIP thought to be negatively 
elevated. The NFIP requires an Elevation Certificate 
for risk-based rating (FEMA, 2004). An Elevation 
Certificate records the elevation of the lowest floor of a 
structure and also includes information on the property, 
the Flood Insurance Rate Map for the community, and 
photographs and comments describing the building. 
Figure 5.1 shows an Elevation Certificate for a nega-
tively elevated structure in Isleton, California. For this 
structure, the base flood elevation is 9 feet (item B9), 
and the top of bottom floor and the lowest adjacent 
grade are far below that (item C2).

For a given rate class, the lower the elevation of the 
structure, the higher the premium, with large premium 
increases every foot below the base flood elevation (e.g., 
see Table 2.2). Consequently, it is important to obtain 
accurate estimates of structure elevations, particularly 
for negatively elevated structures. Errors in the struc-
ture elevation used for risk-based rating can result in 
policyholders paying too much or too little for flood 
insurance. A Dewberry (2005) study found a significant 
number of errors in Elevation Certificates. For example, 
in Pinellas County, Florida, 12.5 percent of 1,524 cer-
tificates had either no lowest floor elevation or grossly 
erroneous elevations. Detecting and correcting errors 
and omissions in the forms is the responsibility of the 
communities that maintain the Elevation Certificates 
(FEMA, 2004). In practice, however, it is difficult for 
a community to confirm whether the information on 
an Elevation Certificate is accurate, and so audits tend 
to focus on whether the blanks are filled in. This raises 
important questions about the quality of the existing 
certificates.

An Elevation Certificate prepared by a licensed 
surveyor or engineer generally costs $500 to $1,000, 
and the cost is usually borne by policyholders. Substan-
tial cost savings are possible if large groups of structures 
(e.g., a neighborhood) are surveyed with common land 
surveying methods. Obtaining commercial data may 
also be cost effective. In addition, new technologies 
have the potential to estimate structure elevation at a 
much lower cost. For example, vehicle-mounted lidar 
is being used in North Carolina to acquire highest 
adjacent grade elevations for approximately $25 per 
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FIGURE 5.1  Example of an Elevation Certificate, with identifying features redacted, for a negatively elevated house built in 1970 in 
Isleton, California.  SOURCE: Courtesy of George Booth, Senior Civil Engineer, Sacramento County, California.R02820 Fig 5.1 page 1.eps
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R02820 Fig 5.1 page 2.epsFIGURE 5.1  Continued
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structure.3 However, some work would have to be 
done to determine the extent to which these highest 
adjacent grade elevations can be translated to low-
est floor elevations. For example, a Dewberry (2005) 
report found that lidar measurements would have to 
be supplemented with on-site precise survey mea-
surements. Cross-checking structure elevations from 
vehicle-mounted lidar and from Elevation Certificates 
may offer a means of validating both measurements.

Structure elevations (and in some cases, flood 
studies) have to be updated following a major flood event 
or the accumulation of enough vertical land motion (e.g., 
uplift from tectonics, subsidence from sediment compac-
tion or extraction of water or hydrocarbons) to change 
the rate class. These updates will maintain the accuracy 
of the flood hazard assessments. Vertical land motion is 
significant in some parts of the country. For example, 
the coasts of Oregon and Washington are rising about 
1.5–3.0 mm per year due to tectonics, and parts of the 
Los Angeles Basin have risen or dropped by more than 
10 mm per year due to hydrocarbon and groundwater 
withdrawal and faulting (NRC, 2012).

Structure Characteristics.  Information on structure 
characteristics is used to understand the exposure and 
vulnerability of structures to damage from flooding. 
The NFIP collects some information on structures, 
including the construction characteristics (e.g., pres-
ence of a basement), the number of floors, and the 
type of supporting foundation. However, additional 
information would have to be collected to support the 
development and use of improved damage prediction 
models that consider flood duration, which is likely 
important for negatively elevated structures, as well as 
other possible drivers of flood damage. New data needs 
include the characteristics and usage of basements, the 
properties of the foundation, the type of structure or 
architecture, the type of interior and exterior finishes 
(e.g., brick vs. siding; wood vs. vinyl floors), and the 
quality of construction. These data would likely need 
to be updated only after a major renovation. The incre-
mental cost for collecting additional data on structure 
characteristics is likely to be low.

3 Presentation to the committee by John Dorman, Program 
Director, North Carolina Floodplain Mapping Program, on 
May 12, 2014.

Data Quality and Consistency

Conclusion 10.  The lack of uniformity and control 
over the methods used to determine structure replace-
ment cost values and the insufficient quality control 
of NFIP claims data undermine the accuracy of NFIP 
flood loss estimates and premium adjustments.

Replacement Cost.  The NFIP obtains replacement 
cost data from insurance companies and agents, who 
use their own methods to estimate replacement cost 
(e.g., property sales data, construction costs, maximum 
amount of insurance coverage). Consequently, replace-
ment cost estimates are often inconsistent. Replacement 
cost values could potentially be improved by (1) requir-
ing all insurance companies and agents to use a single 
cost estimation method or (2) purchasing replacement 
cost data from commercial databases that use consistent 
methods to estimate replacement costs. A single method 
for estimating replacement costs, either developed or 
endorsed by the NFIP, would yield more consistent 
results and also be less liable to manipulation. The cost 
of obtaining more accurate estimates of replacement 
values from insurance companies need not exceed the 
current cost. An alternative is to purchase commercially 
available property replacement values estimated from 
regional and local property sales data, construction cost 
data, and other proprietary information, as is commonly 
done in the private insurance industry. Replacement cost 
estimates provided to this committee by two commercial 
data providers are in the range of $0.40 to $0.60 per 
property for the NFIP portfolio (about $2.5 million for 
all NFIP policies). Having multiple sources of replace-
ment cost data would also enable the NFIP to assess the 
quality of replacement cost data and to choose which is 
best for rating purposes.

The value of a structure will change following 
a disaster (e.g., flood, fire, earthquake), structural 
modification, or socioeconomic factors (e.g., regional 
economic trends). Replacement cost data for affected 
properties could be purchased following these triggers. 
Increases in construction costs due to local demand 
surge in a post-disaster environment could be predicted 
with engineering and economic indices.

NFIP Claims Data.  The variability in NFIP claims 
data for a given depth of inundation may partly reflect 
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the inconsistent replacement cost data discussed above 
or the quality of damage reports. For example, the units 
for reporting inundation depths are not always speci-
fied consistently (e.g., 2 feet versus 2 inches), creating 
considerable uncertainty.4 In addition, basic data that 
are used to estimate flood damages (e.g., base flood 
elevation, depth of flooding, losses above the amount 
of flood insurance carried) are not always accurate or 
complete (Galloway et al., 2006; GAO, 2008). While 
data needed for later analysis can be cleaned up by 
adjusting for what appear to be erroneous values or 
outliers, ongoing efforts to improve quality at the point 
of data collection are important to the NFIP ratemak-
ing method.

Data quality could be improved by implementing 
a more thorough quality control and review process. A 
focused sampling of historical loss claims could reveal 
where data quality has compromised rate setting. For 
example, verifying historical inundation depths (e.g., 
by using stream gage data) and analyzing spatial sta-
tistics on a sample of structure elevations could show 
the extent to which unreported units of inundation 
depth are a problem. In addition, systemic changes in 
the manner data are collected and reported could im-
prove data quality. For example, damage report forms 
could be revised to specify that inundation depths are 
reported in inches. Other changes could include more 
stringent requirements and standardized procedures for 
Write Your Own companies and contractors involved 
in NFIP insurance operations as well as targeted efforts 
in the ongoing operational reviews of those entities.

FEASIBILITY, IMPLEMENTATION, AND 
COST

The fifth task of the committee was to discuss 
feasibility, implementation, and cost of underwriting 
risk-based premiums for negatively elevated structures, 
including a comparison of factors used to set risk-based 
premiums. A detailed assessment of implementation 
options was beyond the capability of the committee 
because it requires detailed information on NFIP op-
erations, costs, and plans, as well as the knowledge and 
experience of NFIP analysts. Consequently, the com-
mittee used its judgment, gained through experience 

4 Personal communication from Andy Neal, FEMA, on July 7, 
2014.

with similar risk assessments, to discuss issues of tim-
ing, costs, and level of effort associated with adjusting 
NFIP methods. These issues are discussed below and 
summarized in Table 5.1.

Feasibility

Many of the analysis approaches identified by 
the committee are already being carried out by other 
organizations, and so should be feasible for the NFIP 
to implement. For example, the USACE analyzes 
risk on a site-specific basis for its planning studies, 
developing water surface elevation–exceedance prob-
ability functions and computing average annual loss 
for individual structures or groups of structures. This 
approach demonstrates that site-specific precision for 
risk analysis is feasible. The performance of levees in 
reducing flood risk has been described using probabilis-
tic models by the USACE and others (URS/JBA, 2008; 
IPET, 2009). This approach was recommended by the 
USACE–FEMA task force and was expected to have a 
cost comparable to the cost of NFIP levee accreditation 
(USACE and FEMA, 2013). Modeling and analysis of 
site-specific information and future flood scenarios are 
already used in the private flood insurance market (see 
“Catastrophe Models” in Chapter 3), demonstrating 
that more refined rating models are feasible. Finally, 
the state of North Carolina has demonstrated that 
lidar mounted on vehicles can be used to determine 
individual structure elevations on a large scale and at 
low cost. It has also shown that a digital environment 
that displays information on flood hazard, structure 
vulnerability, and flood risk management options for 
individual structures can be created at relatively low 
cost ($3,000–$12,000 per county in North Carolina).5

Cost

As discussed above and summarized in Table 5.1, 
incremental changes to current NFIP methods can be 
accomplished at low or moderate cost. Implementing 
new approaches, such as those included in a com-
prehensive risk assessment, will carry higher costs. 
However, the use of relevant information, models, and 
analysis methods developed by other government agen-

5 Presentation to the committee by John Dorman, North 
Carolina Floodplain Mapping Program, on May 12, 2014.
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cies would speed the work and stretch NFIP resources. 
For example, the USACE collects data on structure 
elevations, types, and replacement values in floodprone 
areas, and derives hazard and performance informa-
tion for its planning studies. Similarly, California has 
collected information on flood hazard, performance, 
exposure, and vulnerability in the Central Valley.6 
Obtaining such information would enable the NFIP 
to move to a comprehensive risk analysis in some areas 
without incurring all costs associated with developing 
new models and gathering new data. Easy access to 
flood risk databases, such as those maintained by North 
Carolina, could also reduce costs for insurance compa-
nies and agents that write NFIP policies by reducing 
the need to collect information or interpret map data 
in some areas.

Implementation

This report identifies a menu of possible changes 
to NFIP methods, ranging from simple to complex. 
Ultimately, the NFIP needs methods that rest on a firm 
scientific and technical foundation, which is important 
for setting rates that are credible, fair, and transparent. 
Changes to the water surface elevation–exceedance 
probability functions and to the flood damage functions 
would strengthen the scientific and technical founda-
tion for setting risk-based rates for negatively elevated 
structures. If immediate changes must be made (e.g., 
a congressionally mandated end to subsidies and shift 
to risk-based rates), then the NFIP could implement 
the incremental changes to PELV, DELV, and levee 
performance. Otherwise, taking the time and effort to 
implement a comprehensive risk analysis methodology 
and to develop site-specific flood hazard descriptions, 
models that predict damage from multiple drivers, and 
probabilistic models that describe the performance of 
risk reduction measures would yield a better assessment 
of flood losses, and thereby provide a firmer foundation 
for rate setting.

The challenge for the NFIP is to determine how 
to integrate the components of a comprehensive risk 
analysis into the rate-setting process. Although it is fea-
sible to estimate the average annual loss for each struc-
ture, it may not be practical for a national insurance 

6 See http://www.water.ca.gov/cvfmp/2012cvfpp.cfm.

program to administer a program with potentially mil-
lions of structure-specific rates. For example, premium 
rates may vary by only a few cents per $1,000 among 
similar structures in a neighborhood, because of slight 
differences in the water surface elevation–exceedance 
probability functions. The accuracy achieved with these 
rates would not be worth the administrative burden. 
However, flood losses calculated for individual struc-
tures could be used to inform the assignment of those 
structures to rate classes.

Similarly, some evaluation will be required to 
balance the higher costs of data analysis and training 
against the benefits of a thorough uncertainty analysis. 
These benefits include a more reliable estimate of the 
expected loss, including losses from low-probability 
high-consequence events such as hurricanes Katrina 
and Sandy, and a clear statement of the limitations 
of the underlying analysis. In addition, the analysis 
would identify areas of high uncertainty, and thus 
where enhanced data collection or refinements to the 
rate model would be most productive. For example, if 
uncertainty analysis demonstrates that rates are most 
sensitive to variations about mean inundation depth, 
then the NFIP may choose not to invest in expanding 
the current depth–damage predictors to include flood 
duration, velocity, or other damage drivers.
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ages worldwide underwriting of wind, flood, and col-
lapse perils. The work capitalizes on FM Global’s engi-
neering knowledge of these hazards to improve clients’ 
knowledge of risk and their insurance terms and condi-
tions. Recently, Mr. Goodwin represented FM Global 
in a collaboration with the USACE, FEMA, and other 
agencies to highlight concerns about the aging inven-
tory of levees and the importance of changing U.S. 
policy on levee risk. He is a chartered engineer, a mem-
ber of the Institution of Mechanical Engineers, and a 
former member of the Industry Leaders Council of the 
American Society of Civil Engineers. Mr. Goodwin 
holds a B.S. in mechanical engineering and metallurgy 
from the University of Manchester, U.K., and a Certi-
fied Diploma in accounting and finance.

Larry Larson is director emeritus and senior policy 
advisor for the Association of State Floodplain Man-
agers (ASFPM), where he coordinates national flood 
and water resources policy development with state 
and federal agencies, the Administration, and other 
policy groups and organizations. His 50+ year career 
has been devoted to flood hazard and water resources 
management. He is the codeveloper of ASFPM’s No 
Adverse Impact approach to community development 
and has authored numerous white papers and articles. 
For decades, Mr. Larson has been a leader in develop-
ing national policy on the wise and sustainable use of 
floodplains. Prior to joining ASFPM, he spent 30 years 
with the Wisconsin Department of Natural Resources 
managing flood loss reduction, dam safety, wetlands, 
and other programs, and 5 years with the California 
Department of Water Resources on the design and 
construction of large dams, aqueducts, and other water 
projects. Mr. Larson holds a B.S. in civil engineering 
from the University of Wisconsin and is a registered 
professional engineer in Wisconsin and California.

Howard Leikin is retired after decades with the Federal 
Insurance Administration and FEMA. He served as 
chief actuary at FEMA beginning in 1994. In 1999, he 
was appointed deputy federal insurance administrator, 
providing executive leadership and direction for the 
insurance and floodplain management aspects of the 
National Flood Insurance Program (NFIP). He also 
coordinated insurance marketing, communication, 
and outreach strategies to reduce losses from flood-
ing and other perils. In 2003, Mr. Leikin transferred 
to the Department of the Treasury, where he served 
as the deputy director for the newly enacted Terrorism 
Risk Insurance Program. His responsibilities included 
establishing a framework for the program, developing 
policies and procedures for administering claims and 
for sharing losses among the federal and private sectors, 
and developing program regulations. He was detailed 
back to FEMA for 5 months in 2005 to assist with 
policy and implementation of the NFIP in the after-
math of Hurricane Katrina. Mr. Leikin holds a B.S. in 
applied mathematics from SUNY Stony Brook, and an 
M.S. in operations research from George Washington 
University, and he was designated an associate in risk 
management by the Insurance Institute of America.

Martin W. McCann is president of Jack R. Benjamin 
and Associates, Inc., and is also a consulting professor 
of civil and environmental engineering at Stanford 
University. At Stanford, he is a former chair of the 
National Performance of Dams Program, which cre-
ated a national network to report dam safety inci-
dents and to archive this information for use by the 
geotechnical and seismic engineering communities. 
Dr. McCann’s professional background and research 
have focused on probabilistic hazards analysis, includ-
ing hydrologic events, risk assessment, reliability and 
uncertainty analysis, and systems analysis. He has 
been a consultant to several government and private 
sector groups in the United States and abroad, and he 
has served on three NRC committees, including the 
Committee on Integrating Dam and Levee Safety and 
Community Resilience. Dr. McCann received a B.S. 
from Villanova University and an M.S. and Ph.D. from 
Stanford University.

Laura A. McLay is an associate professor of industrial 
and systems engineering at the University of Wisconsin, 
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Madison. Her research interests are in the field of 
operations research, with a particular focus on discrete 
optimization with application to homeland security 
and emergency response problems. She has authored 
or coauthored more than 40 publications in archival 
journals and refereed proceedings. Her research has 
been awarded several honors, including a National 
Science Foundation CAREER Award, a Young In-
vestigator Award from the Army Research Office, and 
four best paper awards. Dr. McLay has recently served 
as president of Women in Operations Research and 
the Management Sciences, a forum of the Institute for 
Operations Research and the Management Sciences 
(INFORMS), and president of the INFORMS Section 
on Public Sector Operations Research. She is a depart-
ment editor for IIE Transactions, and an associate editor 
for Risk Analysis and International Transactions on Opera-
tional Research. She received a B.S. and M.S. in general 
engineering, and a Ph.D. in industrial engineering, all 
from the University of Illinois at Urbana-Champaign.

Erwann Michel-Kerjan is the executive director of the 
Wharton Risk Management and Decision Processes 
Center at the Wharton School of the University of 
Pennsylvania. His research focuses on natural and 
manmade catastrophe risk management and disaster 
financing to strengthen resilience through business and 
policy innovation. Dr. Michel-Kerjan has published 
more than 100 journal articles on these topics and has 
(co)authored several books, including Treatise on New 
Risks (Gallimard), Seeds of Disaster, Roots of Response: 
How Private Action Can Reduce Public Vulnerability 
(Cambridge University Press), The Irrational Economist: 
Making Decisions in a Dangerous World (Public Affairs), 
Leadership Dispatches (Stanford University Press), and 
At War with the Weather (MIT Press), which received 
the prestigious Kulp-Wright award for the most in-
fluential book on risk management. He advises several 
heads of state and government agencies, businesses, 
and international organizations on risk management 
and has testified on several occasions before the U.S. 
Congress. He also serves on the board of the World 
Economic Forum initiative, which publishes the Global 
Risks Report every year, and chairs the Organisation for 
Economic Cooperation and Development Secretary-
General Board on Financial Management of Catastro-
phes, which advises the 34 member countries on these 

issues. Dr. Michel-Kerjan studied mathematics, physics 
and finance at Ecole Polytechnique (France), McGill 
(Canada), and Harvard.

Lindene Patton is Global Head of Hazard Product 
Development at CoreLogic. Previously, she was chief 
climate product officer for Zurich Insurance Group, 
where she was responsible for policy and risk manage-
ment related to climate change. Her research focuses on 
how risk management systems are affected by natural 
catastrophes, and on alternative financing models that 
reflect actual exposure as well as future climate change. 
She is a member of the World Economic Forum’s 
Global Advisory Council on Measuring Sustainability 
and Advisory Board on Sustainability and Competi-
tiveness. Ms. Patton serves on numerous government 
and nongovernmental advisory boards, including the 
Executive Secretariat of the U.S. National Climate 
Assessment Development and Advisory Committee. 
She recently coauthored the book Climate Change 
and Insurance (2012). She is an attorney licensed in 
California and the District of Columbia and an Ameri-
can Board of Industrial Hygiene Certified Industrial 
Hygienist. She holds a B.S. in biochemistry from the 
University of California, Davis, a master’s of public 
health from the University of California, Berkeley, and 
a J.D. from Santa Clara University School of Law.

Patricia Templeton-Jones is chief operating officer of 
Wright National Flood Insurance Company, the largest 
provider of flood insurance in Florida and the United 
States. She is the current president of the Flood Insur-
ance Servicing Companies Association of America and 
a member of the Write Your Own (WYO) Coalition. 
The Write Your Own Program of the NFIP allows par-
ticipating property and casualty insurance companies to 
write and service the standard flood insurance policy in 
their own names. Ms. Templeton-Jones recently served 
as NFIP flood coordinator for Wright Flood, and 
chaired the Institute for Business and Home Safety and 
The WYO Marketing Committee. With more than 
25 years of experience in the insurance industry, she is 
an outspoken advocate of the flood insurance program 
and of education about flood insurance. 

Susan E. Voss is vice president/general counsel for 
American Enterprise Group, Inc. an insurance com-
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pany specializing in health care insurance products 
and services. Prior to beginning her work at American 
Enterprise Group in November 2013, she was a 
consultant in the areas of life insurance and annuity 
regulation. From 2005 to 2013, she was the Iowa 
Insurance Commissioner, where she led efforts to 
coordinate work with state and federal emergency 
management teams to assist Iowans with flood-related 
property issues, including mitigation of homeowner 
damage and flood insurance issues. An integral mem-
ber of the Iowa Insurance Division, she assisted on 
an “after action plan” committee formed by Governor 

Branstadin in 1993, which made recommendations 
on risk mitigation, insurance education and outreach, 
and state emergency management plans. She provided 
similar leadership services following the Iowa floods of 
2008. She was a representative of the state of Iowa as 
well as president of the National Association of Insur-
ance Commissioners. Ms. Voss has also represented 
the United States and Iowa in meetings with foreign 
regulators and officials regarding insurance operations 
in China, South Korea, Chile, Ecuador, and Germany. 
She received her B.A. from Simpson College and her 
J.D. from the Gonzaga University School of Law.
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1 percent annual chance [exceedance] flood—A 
flood that has a 1 percent chance of being equaled or 
exceeded in any given year; also known as the “100-
year flood” or “base flood” (http://www.fema.gov/
national-flood-insurance-program/definitions)

Average annual loss—Expected long-term loss, which 
is obtained by multiplying the probability of an event by 
its expected loss and summing over all possible events 
(GFDRR, 2009)

Base flood elevation (BFE)—The elevation of surface 
water resulting from a flood that has a 1 percent chance 
of being equaled or exceeded in any given year (http://
www.fema.gov/national-flood-insurance-program/
definitions)

Catastrophe model—A computer-based model that 
estimates losses from natural or manmade hazards, such 
as earthquakes, floods, hurricanes, and acts of terrorism 
(Grossi and Kunreuther, 2005)

Credibility weighting—A statistical analysis that com-
bines theoretical damage with observed damage results. 
When sufficient claims exist to provide statistical con-
fidence in observed results, the depth–damage relation-
ship is based on the claims data. When claims data are 
insufficient, the claims data and theoretical damage are 
combined using a weighting process (http://www.fema.
gov/media-library-data/20130726-1748-25045-4777/
hazusmr5_fl_tm.pdf )

Appendix B

Glossary

DED—A term in the NFIP actuarial rate formula to 
eliminate that portion of the loss that will be borne by 
the policyholder through his or her deductible (FEMA, 
2013d)

DELV—A term in the NFIP actuarial rate formula 
that estimates damage to the property, expressed as a 
percentage of the total property (replacement) value, re-
sulting from a specified depth of water (FEMA, 2013d)

Depth grid—A grid is a digital raster dataset that defines 
geographic space as an array of equally sized square cells 
arranged in rows and columns. The value in each cell 
represents the magnitude in that location of the flood 
depth represented by that particular grid (http://www.
fema.gov/media-library-data/1406747117357-744b6
bd203c18ada4806ad4e90c18b81/Flood_Depth_and_
Analysis_Grids_Guidance_May_2014.pdf )

Detailed studies—Flood hazard mapping studies 
that are done use hydrologic and hydraulic methods 
that produce base flood elevations, floodways, and 
other pertinent flood data (https://www.fema.gov/pdf/
floodplain/nfip_sg_appendix_d.pdf )

Elevation Certificate—A certificate that verifies the 
elevation data of a structure on a given property rela-
tive to the ground level. It is used by local communities 
and builders to ensure compliance with local floodplain 
management ordinances and is also used by insurance 
agents and companies in the rating of flood insur-
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ance policies (https://www.floodsmart.gov/floodsmart/
pages/glossary_A-I.jsp)

Exceedance probability—Probability that a ran-
dom event will exceed a specified magnitude in a 
given time period, usually 1 year unless otherwise 
indicated (http://www.fema.gov/media-library-
data/20130726-1553-20490-8579/dl_flow_app2.pdf )

EXLOSS (expected loss ratio)—A term in the NFIP 
actuarial rate formula, which serves as a loading factor 
for underwriting expenses, a contingency factor, and 
other factors (FEMA, 2013d)

Exposure—The number of people and value of prop-
erty that might be harmed by inundation (CDWR and 
USACE, 2013)

Flood depth—Height of flood waters above the surface 
of the ground at a given point (http://www.fema.gov/
pdf/fima/pbuffd_appendix_b.pdf )

Flood duration—Amount of time between the initial 
rise of flood waters and their recession (http://www.
fema.gov/pdf/fima/pbuffd_appendix_b.pdf )

Flood elevation—Height of flood waters above an ele-
vation datum plane (also called water surface elevation; 
http://www.fema.gov/pdf/fima/pbuffd_appendix_b.
pdf )

Flood hazard—Frequency of occurrence of excess 
water (large flow rates, high stages, or both) at a 
location. Commonly, this is represented with flow– or 
stage–frequency relationships (how severe and how 
often floods occur) at specific locations (CDWR and 
USACE, 2013)

Flood Insurance Rate Map (FIRM)—The official 
map of a community prepared by FEMA that shows 
the Special Flood Hazard Areas, the base flood ele
vations, and the flood risk zones applicable to the 
community. The following designations are made for 
insurance rating purposes:

•	 Post-FIRM building—A building constructed 
or substantially improved after December 31, 
1974, or after the effective date of the initial 

Flood Insurance Rate Map of a community, 
whichever is later

•	 Pre-FIRM building—A building constructed 
or substantially improved on or before Decem-
ber 31, 1974, or before the effective date of 
the initial Flood Insurance Rate Map of the 
community, whichever is later (http://www.
fema.gov/national-flood-insurance-program/
definitions)

Flood protection measure—Those physical works for 
which funds have been authorized, appropriated, and 
expended and which have been constructed specifically 
to modify flooding in order to reduce the extent of the 
area subject to a “special flood hazard” and the extent 
of the depths of the associated flooding. These systems 
typically include hurricane tidal barriers, dams, reser-
voirs, levees, or dikes (http://www.fema.gov/media-
library-data/20130726-1922-25045-4455/20130703_
approachdocument_508.pdf )

Flood risk—Risk is the potential for an unwanted out-
come. The flood risk to economic activity is the chance 
that individuals will lose property due to flooding. The 
risk is measured by economic metrics, such as direct 
and indirect costs (Traver et al., 2014)

Floodplain—Any land area susceptible to being 
inundated by flood waters from any source (http://
www.fema.gov/national-flood-insurance-program/
definitions)

Fragility curve (or function)—Describes the likeli-
hood of flooding due to a levee breach, given the 
loading on the water side of the levee (CDWR and 
USACE, 2013)

Full-risk premium rate—A rate charged to a group of 
policies that results in aggregate premiums sufficient to 
pay anticipated losses and expenses for that group; also 
referred to as an actuarial rate (http://www.fema.gov/
national-flood-insurance-program/definitions)

LADJ—A factor in the NFIP actuarial rate formula to 
account for loss adjustment expenses (FEMA, 2013d)
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Lidar (light detection and ranging)—A remote sens-
ing method that uses light in the form of a pulsed laser 
to measure ranges (variable distances) to Earth. These 
light pulses—combined with other data recorded by the 
airborne system—generate precise, three-dimensional 
information about the shape of Earth and its surface 
characteristics. Lidar terrain data are used in hydraulic 
models of the floodplain (http://oceanservice.noaa.gov/
facts/lidar.html)

Lowest floor—The lowest floor of the lowest en-
closed area (including basement) of a building (http://
www.fema.gov/national-flood-insurance-program/
definitions#L)

Negatively elevated structure—A structure in the 
Special Flood Hazard Area with the lowest floor eleva-
tion below the base flood elevation

PELV—A term in the NFIP actuarial rate formula that 
estimates the annual probability that flood waters will 
reach or exceed a given depth relative to the base flood 
elevation (FEMA, 2013d)

Performance—The effectiveness of flood or floodplain 
management measures (CDWR and USACE, 2013)

Replacement value—The current cost of a similar 
new item having the closest usage to the item being 
replaced. The item does not need to be replaced with 
an exact replica including all the item’s deficiencies, 
superadequacies, or obsolescence (USACE, 1995)

Special Flood Hazard Area—Portion of the floodplain 
subject to inundation by a 1 percent annual chance 
[exceedance] flood (http://www.fema.gov/pdf/fima/
pbuffd_appendix_b.pdf )

Subsidized premium rate—A rate charged to 
a group of policies that results in aggregate pre-
miums insufficient to pay anticipated losses and 
expenses for that group (http://www.fema.gov/
national-flood-insurance-program/definitions)

UINS—A term in the NFIP actuarial rate formula to 
adjust for how much policyholders have underinsured 
their property (FEMA, 2013d)

Vulnerability—The susceptibility of people and prop-
erty to be harmed from the hazard (i.e., how flooding 
adversely affects people and property; CDWR and 
USACE, 2013)

Zone—A geographical area shown on a Flood Hazard 
Boundary Map or a Flood Insurance Rate Map that re-
flects the severity or type of flooding in the area (http://
www.fema.gov/national-flood-insurance-program/
definitions)
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BFE	 base flood elevation
FEMA	 Federal Emergency Management Agency
FIRM	 Flood Insurance Rate Map
LAMP	 Levee Analysis and Mapping Procedure
NFIP	 National Flood Insurance Program
USACE	 U.S. Army Corps of Engineers

Appendix C

Acronyms and Abbreviations
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