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Growing Safely or Building Risk?
Floodplain Management in North Carolina

Miyuki Hino Todd K. BenDor Jordan Branham Nikhil Kaza
Antonia Sebastian Shane Sweeney

ABSTRACT
Problem, research strategy, and findings: Limiting housing and infrastructure in flood-prone places has
long been recognized as critical to managing long-term risk. However, due to the difficulty of tracking
development at small spatial scales, little empirical research has been conducted to explain differences
between communities’ floodplain development patterns. We analyzed new construction across 5
million parcels in the state of North Carolina to develop standardized measures of floodplain develop-
ment and evaluated the relationships between flood risk management effort and development outcomes.
Statewide, for every property removed through buyouts from 1996 to 2017, more than 10 new residences
were built in floodplains. At the community level, indicators of flood risk management effort (participation
in the Community Rating System and use of buyouts) did not consistently align with floodplain develop-
ment outcomes. Based on a sample of urban and suburban counties, we found more than 75,000 acres
of vacant floodplain land currently zoned for development. Although we did not capture the full range of
flood risk mitigation practices, results indicate that local development policies often run counter to efforts
to limit long-term risk.

Takeaway for practice: Land use planning and floodplain management have the potential to play a larger
role in flood risk mitigation. Modifying federal programs to more strongly disincentivize floodplain devel-
opment could enhance local regulation and minimize future flood exposure. Given extensive undevel-
oped floodplain land and projected climate change, additional effort to manage development is needed
to limit increases in flood risk.

Keywords: climate change adaptation, flood risk, natural hazards

In the face of escalating climate change, effectively
managing the population and assets exposed to
natural hazards is critical to limiting damages (APA,
2020). Recognizing the potential benefits of moving

out of harm’s way, a growing number of communities
around the world are grappling with the possibility of
retreat (Dannenberg et al., 2019; Doberstein et al., 2020;
Hino et al., 2017). However, without simultaneous efforts
to limit new development in hazardous places, the
population and infrastructure exposed to floods and
other extreme weather events may continue to grow.
Some communities may manage flood risk by encour-
aging new development away from floodplains and
buying out existing flood-prone structures, whereas
others may ignore floodplains altogether in their deci-
sion making. Although a growing body of research has
examined hazard mitigation plans and policies (e.g.,
Butler et al., 2021; Lyles et al., 2014a), data on a key out-
come of interest—floodplain development—have his-
torically been scarce. As a result, surprisingly little is
known about how floodplain development patterns

vary across communities and the influence of policies,
plans, and regulations.

We synthesized multiple building- and parcel-scale
data sets to present novel evidence on the relationships
between floodplain development, geographic and socio-
economic characteristics, and local flood risk manage-
ment practices. First, we constructed measures of
floodplain development—the amount of housing and
infrastructure in the regulatory 100-year floodplain—over
the past 2 decades. We did this for all communities in
the state of North Carolina, enabling a systematic com-
parison across a larger geography and more diverse set
of communities than previous analyses (Burby & French,
1981). Then, we evaluated how those floodplain devel-
opment outcomes related to community characteristics
and local flood risk management efforts. We assessed
local flood risk management efforts through two indica-
tors: use of property buyouts to remove housing
from the floodplain and participation and score in the
Community Rating System (CRS), a federal program pro-
moting local flood risk management. We hypothesized
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that communities that actively bought out flood-prone
properties and participated in the CRS would have expe-
rienced lower levels of floodplain development. Though
past research has examined which communities imple-
ment such flood risk management practices and their
risk reduction benefits (Brody et al., 2007; Li & Landry,
2018; Mach et al., 2019), the extent to which the CRS and
property buyouts relate to floodplain development out-
comes has not yet been evaluated at scale.

Evaluating floodplain development over time offers
decision makers empirical evidence to support their
own hazard mitigation and climate change adaptation
planning efforts. For example, municipal regulations
that seek to discourage floodplain development can be
strengthened by adopting practices from peer com-
munities that have effectively channeled new infrastruc-
ture and housing into safer areas. As climate change
alters the frequency and severity of extreme weather
events, establishing evidence-based policies for encour-
aging climate-smart development is urgently needed to
address community flood risk (Intergovernmental Panel
on Climate Change, 2021; Sweet et al., 2022).

We begin by reviewing the benefits of managing
development in floodplains and the relevant planning
and policy landscape in the United States. Next, we
describe the data and methods used to address this
study’s three main research questions:

1. How much development has occurred in North
Carolina’s floodplains in the past two decades?

2. How does floodplain development relate to num-
ber of buyouts, participation in the CRS, and other
community socioeconomic and geographic
characteristics?

3. Based on current zoning, what is the potential for
future floodplain development across the state?

Our analysis shows that new housing construction
in floodplains has far outpaced property buyouts and
that many of the communities actively mitigating risk
through buyouts and participation in the CRS are also
experiencing substantial floodplain development.
Moreover, more than 75,000 acres of vacant floodplain
land is zoned for development in a subset of 85 munici-
palities and counties within the state. We conclude with
recommendations for more strongly incentivizing devel-
opment management efforts that reduce flood risk.

Floodplain Management and
Overlapping Jurisdictions
Managing development in hazardous locations such as
floodplains has long been recognized as a critical com-
ponent of broader efforts to limit damages from natural

hazards. More than 60 years ago, Gilbert White, a pion-
eer in floodplain management study and practice, iden-
tified limiting development in floodplains as possibly
“the single adjustment most likely to lead to a decline in
national flood losses” (White, 1975, p. 89). Larger
amounts of open space, wetlands, and the presence of
clustered developments have all been linked to fewer
flood losses (Brody et al., 2011; Brody & Highfield, 2013;
Sun & Carson, 2020). Preventing development in flood-
prone areas has been shown to substantially reduce
risk: the cost of purchasing vacant floodplain land to
prevent future development is often less than the
avoided damages from flooding, in some cases by a fac-
tor of more than two to one (Atoba et al., 2021;
Johnson et al., 2020). Despite the recognition of the
benefits of reducing floodplain development, studies
have indicated that the population and assets exposed
to flood risk have been increasing over time in many
places, though sometimes at a slower rate than in safer
areas (Climate Central & Zillow, 2018; Ferguson &
Ashley, 2017; Iglesias et al., 2021; Jongman et al., 2014;
Patterson & Doyle, 2009).

However, few studies have linked observed flood-
plain development patterns to governance strategies,
even though a range of local, state, and federal pro-
grams and policies influence development in flood-
plains. Local governments possess a range of tools to
influence the location and character of new develop-
ment. These can make it more difficult to develop in
floodplains—for instance, through stringent flood-
proofing requirements—or make it more attractive to
develop in less hazardous locations, such as through tax
incentives (Burby et al., 2000). Local governments also
develop hazard mitigation plans (and, increasingly, cli-
mate change adaptation plans) that characterize risks
and management strategies (Shi et al., 2015; Woodruff &
Stults, 2016). These plans are inconsistent in whether
they address land use at all, potentially due to a focus
on emergency management rather than long-term
planning (Lyles et al., 2014b). In Florida, plans concern-
ing adaptation to sea level rise have discussed measures
such as beach nourishment and elevation more often
than measures to alter development patterns, perhaps
due to political concerns about discouraging develop-
ment (Butler et al., 2016, 2021).

States can also influence floodplain development
by requiring local governments to develop plans that
meet certain criteria and providing technical and finan-
cial support for hazard mitigation (Berke et al., 2014). For
example, North Carolina mandates that local govern-
ments in coastal areas craft plans that address coastal
ecosystem protection and natural hazards, in addition
to economic growth (Norton, 2005). However, the
effectiveness of state policy is not clear: Florida passed a
state mandate requiring consideration of coastal high-
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hazard areas in comprehensive planning, but one study
of Okaloosa County (FL) found that development rates
in those areas actually increased afterwards, suggesting
that stronger requirements or enforcement would be
needed to prevent development (Chapin et al., 2008).

The federal government provides financial support
for floodplain development through several mecha-
nisms. The U.S. Federal Emergency Management
Agency (FEMA) administers the National Flood
Insurance Program (NFIP), which sets prices and man-
dates flood insurance coverage for most floodplain
properties. To participate in the NFIP, communities
must adopt a floodplain management ordinance that
meets minimum criteria. In addition, federal funding
covers most post-disaster recovery costs from major
events, making it easier to stay and rebuild in flood-
affected areas (Olshansky & Johnson, 2014). Federal
funding for infrastructure, post-disaster assistance, and
flood insurance has been shown to influence develop-
ment patterns: within areas where those financial
supports were removed by the Coastal Barrier
Resources Act (CBRA), development rates were lower
relative to nearby areas unaffected by the CBRA
(Branham et al., 2022; Onda et al., 2020).

Community Flood Risk
Management Measures
In this analysis, we focused on two measures of com-
munity flood risk management. The first was the CRS
(Brody et al., 2009). This voluntary program, adminis-
tered as part of the NFIP, provides discounts on flood
insurance premiums to residents of participating com-
munities based on specific flood risk mitigation activ-
ities. Local governments earn points based on which
activities they undertake, and discounts scale with the
number of points. Many of the highest point-scoring
activities entail reducing or limiting floodplain develop-
ment. CRS scores are higher in communities with higher
incomes and education levels, and high CRS scores
have been associated with reduced property damage
from floods (Brody et al., 2008, 2009; Li & Landry, 2018).
However, the CRS rewards communities for many differ-
ent activities, including early warning systems and edu-
cational campaigns, and there are concerns that the
insurance discounts incentivize development in flood-
plains (Brody & Highfield, 2013; Highfield et al., 2014).
Thus, although communities participating in the CRS
may be successfully reducing risk through other mecha-
nisms, it is unclear whether they are limiting floodplain
development as part of those efforts.

Some local governments, often with state and fed-
eral funding support, have sought to reduce risk
through voluntary property buyout programs. Property

buyouts, in which willing homeowners sell their flood-
prone land to the government, occur predominantly in
the aftermath of major floods and signal severe flood
damage. The land is permanently restored to open
space. Evaluations of buyout projects have shown that
the avoided losses exceed project costs, and buyouts
are often used to remove residential structures that
were constructed under outdated building codes from
the most flood-prone areas of a community (FEMA,
2010, 2013).

Buyouts require government and household will-
ingness and capacity to carry out the process, and they
are not straightforward to implement. Funding is often
at least partially provided by federal agencies, but state
and local sources are also typically required (Peterson
et al., 2020). Lack of political will and administrative cap-
acity can also pose barriers to buyout implementation
(Curran-Groome et al., 2022; Koslov, 2016). Nationwide,
buyouts are more common among wealthier and
Whiter communities (Elliott et al., 2020; Mach et al.,
2019). Because buyouts can serve multiple purposes,
such as aiding household recovery, communities imple-
menting buyouts may or may not be committed to
floodplain management more broadly (Binder
et al., 2020).

We focus here on participation in the CRS and use
of buyouts and ask how these flood risk management
efforts relate to floodplain development outcomes. Our
focus on observed floodplain development across a
broad range of communities makes our study most like
that of Burby and French (1981). They surveyed local
officials in communities across the United States in 1979
and found that communities with the most advanced
floodplain management programs also experienced the
most floodplain development. However, their study
relied on self-reported floodplain development esti-
mates, and they excluded municipalities with small pop-
ulations (Burby & French, 1981). To address these
limitations, we developed standardized measures of
floodplain development and flood risk management
efforts across a large set of communities of varying geo-
graphic and socioeconomic characteristics. These meth-
odological and data improvements enabled us to
provide more recent and consistent insight into our
research questions.

Data and Methods
We describe our methods with respect to each of our
three research questions. First, we constructed state-
wide measures of floodplain development. We then
evaluated floodplain development at the community
scale and examined how floodplain development
relates to use of buyouts, participation and performance
in the CRS, and other socioeconomic and geographic
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characteristics. Finally, we assessed the potential for
future floodplain development in a subset of our
study area communities based on current zoning
regulations.

The spatial scope of the study is the state of North
Carolina, which has substantial inland and coastal flood
exposure, extensive data on flood hazards, and a long
history of property buyouts (Mach et al., 2019; North
Carolina Floodplain Mapping Program, 2020). From
1991 through 2020, 29 major disaster declarations for
floods or storms have been issued for the state (FEMA,
2022). Recent flood disasters include Hurricane Florence
in 2018, which caused more than $22 billion in damage
across the eastern half of the state, and Tropical Storm
Fred in 2021, which caused six fatalities in the moun-
tainous west (Kunkel et al., 2020; North Carolina
Department of Public Safety, 2021). Six of the seven
heaviest precipitation events on record have occurred
since 1999, a trend that is likely to continue with climate
change (Paerl et al., 2019). North Carolina has also expe-
rienced rapid population growth over that time period,
increasing from 8.0 million in 2000 to 9.5 million in 2010
and 10.4 million in 2020, with much of the growth in
and around urban centers (Tippett, 2021; U.S. Census
Bureau, 2022). The combination of consistent growth
and frequent flooding made North Carolina an ideal
state for this analysis.

The unit of analysis (a community) refers to incorpo-
rated cities and towns (generally equivalent to U.S.
Census–designated places), unincorporated parts of
counties, and tribal areas. These were identified using
the community boundaries from the U.S. Census (U.S.
Census Bureau, 2018a). This definition of community
matches the NFIP’s Participating Community designa-
tion (FEMA, n.d.). We selected this local unit because
most decisions about permitting, zoning, floodplain
management (including floodplain manager designa-
tions), and other development management policies
are made at that scale. In addition, to participate in the
NFIP, communities must commit to certain policies,
adopt minimum standards, and meet reporting
requirements.

Flood hazard information was sourced from FEMA’s
Digital Flood Insurance Rate Maps (DFIRMs), which are
widely used in local policy and regulation, including
insurance rate-setting and building code enforcement
(Kousky et al., 2016). Though we recognize that these
maps are often out of date and may underestimate
flood hazards (Association of State Floodplain Managers,
2020), they are also a primary source of information for
local governments and carry regulatory force regardless
of their accuracy. These maps identify areas with a 1%
or greater chance of flooding in any given year (100-
year floodplains), as well as areas with a 0.2% to 1%
chance of flooding (500-year floodplains). We used the

100-year floodplain boundaries as our definition of
the floodplain. Recent insurance pricing reform (Risk
Rating 2.0), which occurred after our study time period,
has reduced reliance on these zones for setting prices,
but they are still used for determining where flood
insurance is required (FEMA, 2021). We used DFIRMs
from 2020 and 2021, so it is possible that the digitized
maps diverge from the official local delineations used
in permitting at the time of construction due to map
revisions and Letters of Map Change. Some residences
that we identified as floodplain construction may not
have been in the floodplain at the time that they were
built, and we may have also missed construction that
was in the floodplain at one time and has since
been removed.

Measuring Statewide Floodplain
Development
We measured two forms of new development: residen-
tial construction and impervious surface cover. Our pri-
mary results focus on residential construction, and
methods and results for our impervious surface analysis
are included in the Technical Appendix.

We tracked new residential construction using the
State of North Carolina’s harmonized parcel database
(NC Geographic Information Coordinating Council,
2020) and Zillow, Inc.’s ZTRAX parcel-level real estate
database (Zillow, 2020). We joined the two using parcel
identification numbers and spatial information to min-
imize missingness of land use type (residential/commer-
cial/other) and year built information. Including only
residential parcels, we overlaid building and parcel loca-
tions on regulatory floodplain maps to classify their
flood zones. We calculated the total amount of new
housing constructed from 1996 through 2017 and the
share of that housing within the floodplain. The proc-
esses for merging the two parcel data sets and defining
flood zone presence are explained in the Technical
Appendix and in the replication code.

The number of parcels we tabulated may differ
from the number of households and housing units.
Multifamily buildings, for example, are typically repre-
sented as a single parcel when they have a single
owner for tax purposes, so our property-level estimates
were not equivalent to the number of households or
people living in the floodplain. In addition, we relied on
construction dates, assessed values, and land use classi-
fications reported in tax assessor data. The complete-
ness and accuracy of this information may differ across
communities and over time, and errors may have
affected our development estimates, especially for small
communities. For example, of the residential parcels
with a building, 6.8% did not have any information on
year built and were omitted from our estimates.
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Elevation or freeboard requirements for floodplain
housing are commonly used to reduce risk. In addition
to considering horizontal avoidance of the floodplain,
we considered vertical avoidance by integrating build-
ing-specific first-floor elevation data and base flood
elevations (BFEs) from the North Carolina Flood Risk
Information System (North Carolina Floodplain
Mapping Program, 2020). The BFE refers to the depth
of water associated with the 1% annual chance flood
event; the higher the first-floor elevation relative to the
BFE, the less likely it is that the structure will flood. We
assigned BFEs to buildings using the maximum BFE
(10-ft spatial resolution) on the building footprint (see
the Technical Appendix). We evaluated time trends and
geographic patterns in the difference between the first-
floor elevation and the BFE at the building level. The
first-floor elevation data were collected in 2010, so we
only examined housing originally constructed prior
to 2010.

Linking Floodplain Development Outcomes
to Community Characteristics
To identify communities that have experienced either
high or limited floodplain development, we constructed
measures of a) how much development has occurred in
floodplains, as a share of total development; and b)
how much developable land within the community is
within the floodplain, as a share of total developable
land. By examining the share of floodplain development
in relation to the share of floodplain land, we accounted
for differences across communities in growth pressure
and exposure to flooding.

For example, take a community with 85% of its
developable land in the floodplain. If new development
were randomly scattered across the community, we
would expect 85% of it to fall within the floodplain. If, in
practice, only 20% of new development has been within
the floodplain, it would indicate that the community
has experienced limited floodplain development relative
to the extent of the hazard. On the other hand, if 100%
of new development were in the floodplain, it would
represent disproportionately high levels of floodplain
development.

We measured developable land to estimate the
community’s share of developable land in the flood-
plain. Starting with total community area, we used the
2016 National Land Cover Dataset (Homer & Fry, 2012)
to remove open water and perennial ice or snow
(classes 11 and 12). Next, we removed land in protected
areas using the U.S. Geological Survey’s Protected Area
Database of the United States (U.S. U.S. Geological
Survey Gap Analysis Project, 2020). Finally, we removed
areas that were steeper than 25% grade because those
areas are more physically difficult to develop, but we

tested the sensitivity of our results to that exclusion. We
then overlaid the flood zone data to calculate the com-
munity’s share of developable land within the flood-
plain. Additional details on our definitions of
developable land are provided in the Technical
Appendix and replication code.

We evaluated floodplain development patterns
along several measures of community characteristics.
We aggregated the parcel data to estimate median
assessed value for residential property within a commu-
nity as a proxy for wealth. In addition, we organized
communities on a spectrum from rural to urban based
on the share of their area classified as either an urban-
ized area or an urban cluster (U.S. Census Bureau,
2018b). Finally, we delineated between coastal and
inland properties using the flood zone designations in
the DFIRMs; communities with at least one property in
the VE zones, which are exposed to wave action, were
marked as coastal communities.

We also compared floodplain development in com-
munities with different degrees of investment in flood
risk management. Our first indicator of local flood risk
management effort was the number of property buy-
outs occurring in the community. Our data set of buy-
outs in North Carolina was derived from a combination
of sources, including data provided by the North
Carolina Department of Emergency Management,
Charlotte–Mecklenburg Stormwater Management
Department, and multiple Freedom of Information Act
requests to FEMA. After an extensive cleaning and
review process to integrate the diverse data sets, we
used the parcel characteristics of buyout properties to
assess the validity of each record and remove properties
that were unlikely to be buyouts (see the Technical
Appendix). Buyout years were assigned based on the
date that the mitigation was completed, if available,
and then by the year approved.

Our second indicator of flood risk management
effort was participation and performance in the CRS
(Zahran et al., 2010). We obtained CRS scores from
FEMA documentation in 2007 (the oldest report we
could find) and 2016. For each year, communities were
categorized as either a high performer with a score of 7
or lower, a low performer with a score of 8 or 9, and
otherwise not participating. We also evaluated the
change in community rating over time: If a community’s
score improved from 2007 to 2016 or if they went from
not participating to participating, they were classified as
improving. If their score worsened or they dropped out
of the program, they were classified as worsening.

We tested for differences across groups using v2

tests and calculated p values using a Monte Carlo simu-
lation of 10,000 replicates. Where there was a clear order
to the categories, we used the v2 test for trends.
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Evaluating Future Floodplain
Development Potential
Open space protection and zoning demonstrate the
limitations, or lack thereof, on future floodplain develop-
ment. Current zoning data were compiled from county
and municipal governments with a primary focus on
urban and suburban counties, defined as having popu-
lation densities of more than 750 people/mi2 and 250
to 750 people/mi2, respectively (North Carolina Rural
Center, 2015). The zoning classifications were harmon-
ized into single-family residential, multifamily, mixed
use, and open space categories and overlaid onto par-
cels. Based on the availability and completeness of zon-
ing data, we ultimately included 85 communities in this
analysis. We then overlaid protected areas from the
Protected Area Database of the United States to identify
parcels that had been protected; protected parcels
were not considered developable.

We defined developable floodplain area as parcels
that were a) currently vacant but could be developed or
b) currently single-family but zoned for multifamily or
mixed use. We also used parcel geometries to exclude
small, highly irregularly shaped parcels that would be
difficult to develop. Additional detail on this process is
provided in the Technical Appendix.

Results
Measuring Statewide Floodplain
Development Outcomes
Construction of new housing in North Carolina flood-
plains has far outstripped collective efforts to remove
houses from flood-prone areas (Figures 1 and 2). From
1996 (the first year of property buyouts in our data)
through 2017, 5,234 properties were bought out and
restored to open space, whereas more than 59,000 par-
cels were developed into residential uses. Single-family
homes represented 47,414 of the new housing parcels.

The total of statewide buyout efforts over 22 years is
equivalent to just 2 to 3 years of new construction in
the floodplain.

Although floodplain housing construction
appeared to drop in the late 2000s, this trend was due
to a decrease in the overall rate of construction rather
than a decrease specific to floodplains. In fact, the share
of residential construction in floodplains increased over
the same period from 4% to 6%.

Not all floodplain development contributes equally
to flood risk; elevation and other flood-proofing meas-
ures can reduce the expected damage from flood
events. The NFIP requires residences in participating
communities to be built above the BFE, and local ordi-
nances can mandate even higher standards. We found
that first-floor elevations of all floodplain structures
(not just residential structures) gradually increased
over time relative to today’s BFEs, with newer buildings
therefore less likely to be inundated than older ones
(see the Technical Appendix). Floodplain structures
were built at a median of 1.6 ft above BFE in 1990
and 3.3 ft above BFE in 2009. However, this trend was
not consistent across all communities, and even after
elevating, substantial damage is still possible (Tonn &
Guikema, 2018).

Linking Floodplain Development Outcomes
to Community Characteristics
Because communities face different flood hazard
and development pressures, we considered the share
of development in the floodplain relative to the share
of developable land in the floodplain. We refer to com-
munities where the share of new housing in the flood-
plain exceeds the share of developable land in the
floodplain as communities with high levels of floodplain
development. Communities with a lower share of new
housing in the floodplain than developable land are
referred to as communities with limited levels of

Figure 1. New floodplain housing has been constructed across the state, whereas buyouts are clustered in certain areas. Map
depicts new floodplain construction (circles) and voluntary property buyouts (crosses) in North Carolina from 1996 to 2017.
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floodplain development. We identified 81 communities
with no developable floodplain land and 22 with no
new housing built from 1996 to 2017; these were not
included in the final analysis.

Examining floodplain development patterns at the
community scale, results showed that wealth and geog-
raphy were strongly associated with floodplain develop-
ment patterns (Figure 3). Among communities with
high property values, more coastal communities exhib-
ited high floodplain development rates than inland
communities. Of the inland communities with median
assessed property values above $200,000, just 9% (6 of
70) had high rates of housing construction in the

floodplain (Figure 3, right panel). In contrast, of the
coastal communities in the same wealth category, 44%
(12 of 27) exhibited similarly high rates (p < .001). The
share of inland communities with high floodplain devel-
opment rates declined as property values increased,
though this difference was not statistically significant
(p ¼ .11).

Floodplain development trends also differed across
urban and rural communities. Twenty-two percent (38
of 172) of communities with no urban areas experi-
enced high rates of floodplain housing development
compared with 10% (15 of 151) of communities with
more than three-quarters of their land in urban areas,

Figure 2. Construction of new housing in the floodplain far exceeded property buyouts in North Carolina over the last 2 decades.
a) Time series of all residential construction, single-family homes, and buyouts per year. The y-axis represents the number of residen-
tial parcels either bought out or developed in each year. New construction was assigned to years based on the year built, and
buyouts were assigned to years based on our best estimate of the completion date. Major hurricane events are represented by
vertical lines. b) The share of residential construction in the floodplain increased from approximately 4% in the late 1990s up to 6%
from 2011 through 2017.

Figure 3. Floodplain development patterns differed along wealth and geographic lines. Panels group communities based on the
median assessed property value, with the least expensive properties on the left and the most expensive on the right. Color and
shape demarcate inland and coastal communities. The percentages report the share of communities in that panel with high flood-
plain development rates (above the diagonal line), split between inland communities (circles) and coastal communities (triangles).
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a statistically significant difference (p < .01). Thus,
although urban centers were often responsible for large
numbers of new residences built in the floodplain, the
results differed sharply when adjusted for exposure and
overall growth rates.

Linking Development Outcomes With Flood
Risk Management Measures
Fifteen percent (68 of 444) of communities with 0 buy-
outs and 19% (11 of 58) of communities with 1 to 9
buyouts exhibited high levels of new housing in the
floodplain (Figure 4). Of the communities with 10 or
more buyouts, only 6% (3 of 49) had high levels of
floodplain housing, but differences across the three
groups were not statistically significant (p ¼ .16).

Our analysis of CRS performance used two meas-
ures: the CRS score in 2016 (grouped into high perform-
ers, low performers, and nonparticipants) as well as the
change in score between 2007 and 2016 (grouped into
improving, no change, worsening, and not participat-
ing). We hypothesized that communities performing
well under the CRS would also have relatively low levels
of floodplain development, given the CRS’s emphasis
on floodplain management. However, our findings did
not support this hypothesis (Figure 5). Only 14% (63 of
466) of communities not participating in the CRS had
high levels of floodplain development, compared with
22% (19 of 85) of communities participating (p ¼ .05).
All communities that meet NFIP requirements are eli-
gible to participate in the CRS, but many choose not to
participate due to the administrative requirements.
Within participating communities, low performers and

high performers had very similar shares of communities
with high floodplain development (23% and 22%,
respectively). Although the share of communities with
high floodplain development increased when moving
from improving to no change to worsening groups, the
trend was not statistically significant (p ¼ .12).

Evaluating Future Floodplain
Development Potential
We found numerous floodplain areas where additional
development was permitted to occur in the future.
Zoning data were not readily available for the entire
state, but our compiled data set covered 74 incorpo-
rated municipalities and 11 counties (see the Technical
Appendix). Within this subset of North Carolina com-
munities, there were more than 75,000 acres of
undeveloped floodplain land zoned for either single-
family, multifamily, or mixed-use development.
Moreover, an additional 2,522 floodplain parcels were
used as single-family housing but zoned for densifica-
tion (multifamily or mixed use). Particularly considering
the likely expansion of floodplains as the climate
changes, these findings indicate substantial potential for
continued creation of future liabilities in hazardous loca-
tions across the state.

Discussion
These results demonstrate a new method for compar-
ing floodplain development outcomes across commu-
nity contexts, and they provide insight into which
communities are and are not developing in the

Figure 4. Buyouts were not strongly associated with floodplain development rates. Panels group communities based on the number
of buyouts taking place within them. The percentages report the share of communities in that panel with high floodplain develop-
ment rates (above the diagonal line).
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floodplain. Our analysis demonstrates that commonly
used indicators for flood risk mitigation effort—the CRS
and buyouts—did not consistently reflect floodplain
development outcomes in North Carolina communities.
This finding resonates with Burby and French (1981),
who theorized that mitigation investments were moti-
vated only after widespread development has already
taken place. Moreover, there is substantial potential for
future floodplain development across the state.
Although the CRS and buyouts address risk after devel-
opment has already occurred, our findings suggest the
need for greater attention to flood risk in development
decision making.

The differences in floodplain development along
wealth and geographic lines demonstrate that risk is
socially constructed in multiple ways, affecting not only
what structures are in harm’s way but also who is in
harm’s way. In coastal areas, wealthy households may
choose to take on risk, whereas in many inland areas,
individuals may lack affordable alternatives and end up
in hazardous places as a result. The two contexts pre-
sent different challenges from a flood risk management
perspective. For example, as the U.S. government
reforms flood insurance pricing and climate hazards
worsen, it is likely to become more expensive to live in
flood-prone areas (FEMA, 2021). Such changes may
have little effect on those building nonprimary residen-
ces but pose a substantial burden for low-income
households with few alternative housing options.
Property buyouts also pose different concerns for margi-
nalized communities, because those households may
have few safe options to which to move, and relocating
may disrupt valuable social networks and cultural ties
(Kraan et al., 2021). Considering the different

circumstances of current and potential future floodplain
residents can help planners develop climate risk man-
agement efforts that align with housing needs and
avoid putting vulnerable households at further risk.

Differences in Development Patterns Across
Communities
Local approaches to flood risk management are shaped
by both willingness and capacity to adopt different
strategies. For example, our finding that high levels of
floodplain development were more common among
rural communities than urban communities may be due
to staff capacity to implement or enforce development
restrictions. Regional collaboration or state-level support
for floodplain management can help address capacity
constraints, with particular benefits for hydrologically
connected communities where upstream development
affects downstream risk.

Communities with higher capacity (larger tax base,
higher incomes, higher education) generally score
higher in the CRS and participate in buyouts, so contin-
ued floodplain development in those areas is likely less
affected by lack of capacity (Brody et al., 2009; Li &
Landry, 2018; Mach et al., 2019). Modifications to the
CRS and buyout programs can encourage those com-
munities to integrate flood risk concerns more strongly
into development decisions; for instance, by providing
additional incentives for communities who restrict
development or densification in areas proximate to buy-
out properties. Re-examining the reward structure of
the CRS—reduced flood insurance premiums—may
also be needed to avoid indirectly encouraging flood-
plain development without jeopardizing the affordabil-
ity and uptake of insurance (Brody et al., 2007). Given

Figure 5. Participation and stronger performance in the CRS were not strongly associated with improved floodplain development
outcomes. Panels group communities based on the change in CRS score between 2007 and 2016, and color indicates the commun-
ity’s CRS score in 2016. The percentages report the share of communities in that panel with high floodplain development rates
(above the diagonal line).
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economic incentives to continue developing, such
efforts can encourage planners to consider the eco-
nomic and ecological benefits of preventing develop-
ment in the most flood-prone areas beforehand, rather
than seeking out buyouts after the fact.

Though we document widespread floodplain
development, there are positive examples of commun-
ities across the United States that recognize the import-
ance of constraining development in hazardous areas.
The city of Raleigh (NC) recently passed an ordinance to
prevent construction on vacant floodplain lots larger
than 0.5 acre (City of Raleigh, 2022). In Staten Island
(NY), a dedicated Special Coastal Risk District zoning
was applied to prevent additional densification in
neighborhoods that were partially bought out after
Superstorm Sandy (NYC Planning, n.d.). Deeper integra-
tion of planners, emergency managers, and other stake-
holders in development of plans and permitting
decisions can strengthen consideration of land use in
risk management (Lyles et al., 2014b). Coordination with
plans for other infrastructure, such as affordable housing
and transportation, can also help promote development
in safer areas and discourage it in hazardous areas.

Multiple Approaches to Managing
Flood Risk
Avoiding development in floodplains is not the only
way to reduce risk, and continued floodplain develop-
ment may indicate that communities are pursuing other
strategies for flood risk management. For example, the
CRS rewards a range of other flood risk mitigation activ-
ities, so communities with high scores may be focusing
their efforts on elevation, early warning systems, or pub-
lic information campaigns, rather than limiting flood-
plain development. Similarly, communities may be
buying out the most flood-prone homes while continu-
ing to permit floodplain development that meets the
most stringent building codes. Future research can
delve more deeply into how communities choose their
approaches to risk management.

New development does not nullify the risk-reduc-
ing benefits of buyouts, early warning systems, or public
information campaigns. More broadly, our results are
not necessarily indicative of success in floodplain man-
agement because some communities may have built
out their floodplains already and thus face little new
development pressure in flood-prone areas. However,
our results do indicate that many communities have
room for improvement when it comes to managing
development. The FEMA-designated floodplains we
evaluated are most salient from a regulatory perspec-
tive, but they do not capture all drivers of flood hazards,
nor do they reflect future changes in flood hazard.
Managing development both inside and outside

regulatory floodplains will likely become increasingly
important for planners as the climate changes.

Evaluating the impacts of different floodplain
management approaches on development is a crit-
ical next step for informing planning practice.
Although the results presented here illustrate state-
wide trends, quasi-experimental analyses can provide
greater insight into the impacts of specific regulatory
tools or plans, ranging from federal to local scales.
For example, withdrawal of federal support through
the CBRA was associated with reduced rates of new
development (Branham et al., 2022), and it will be
useful to evaluate whether flood insurance pricing
reform (Risk Rating 2.0) has a similar discouraging
effect. In-depth analysis of the impacts of local
floodplain regulations and development plans, includ-
ing political and economic drivers and obstacles, will
provide valuable lessons about the extent to which
practices are generalizable across contexts.

Managing land use in hazardous areas such as
floodplains can contribute substantially to reducing
damages and risk. Local governments, with their zoning
and permitting authorities, play a critical role in flood
risk management. Yet, our understanding of where
floodplain development is occurring—and what meas-
ures can effectively encourage growth in less hazardous
areas—is limited. Our results provide new insight into
the extent and geography of floodplain development at
statewide and community scales. Further, we have
shown that many communities participating in federal
flood risk management programs have continued to
develop substantially in floodplains.

At the local level, increasing capacity and promot-
ing stronger coordination between land use planning
and hazard mitigation efforts can improve outcomes. At
state and federal levels, providing additional resources
through existing programs can enable and encourage
more widespread development management efforts. As
sea levels rise and storms become more intense, identi-
fying and disseminating effective strategies for manag-
ing floodplain development are urgently needed to
reduce future losses across the United States.
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