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Abstract: Recent extreme rainfall events produced severe flooding across North Carolina’s Coastal
Plain, revealing deep vulnerabilities in many communities. Climate change is expected to exacerbate
these problems by further increasing rainfall intensity and the frequency of extreme rainfall events.
Due to the risks posed by these changing rainfall patterns, a shift in the approach to infrastructure
planning and management is needed for many floodprone communities, particularly in regard to
managing streams and floodplains in urban areas. This study proposes a framework for systematically
evaluating stream restoration in combination with engineered improvements to culvert and bridge
crossings to identify and optimize options for mitigating extreme events in urban areas. To illustrate
the methodology, extensive hydraulic modeling was conducted to test four different strategies
for reducing flooding along a channelized and armored stream, Big Ditch, located in Goldsboro,
North Carolina, USA. The results indicate that neither floodplain restoration nor infrastructure
modification alone could alleviate flooding along Big Ditch. Rather, a combination approach would
be required to mitigate flooding, which could result in substantial benefits for storms in excess of the
100-year event. The results suggest that shifting to a multi-faceted approach to improve resiliency to
extreme events could improve public safety and reduce future damages due to flooding.
Keywords: stream restoration; flooding; climate change; extreme events; transportation resilience

1. Introduction
Hurricanes Matthew and Florence revealed deep vulnerabilities to flooding in North Carolina’s
Coastal Plain communities. Hundreds of roads were closed due to inundation or washouts and
many communities were isolated by road closures. These events that overwhelm communities’
transportation infrastructure pose serious challenges for emergency service responses and recovery
efforts. The flooding of transportation infrastructure is a serious public safety issue as research indicates
that more than three quarters of flood-related fatalities occur when people drive into or attempt to
walk through floodwaters [1,2]. In addition to the spate of recent extreme rainfall events, the intensity
of heavy rainfall is increasing in the southeastern U.S. [3]. This trend towards more intense rainfall and
larger storms is expected to continue as a warmer atmosphere will hold more moisture [4]. More intense
rainfall events will likely result in more frequent nuisance and flash flooding.
Like most urbanized areas, the infrastructure in small Coastal Plain communities in the southeastern
U.S. lacks the capacity to handle more intense rain events. Many of these communities were developed
decades or even centuries ago when the prevailing wisdom suggested that streams should be deepened,
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straightened and armored [5,6]. In addition to questionable stream management, this approach did
not account for or properly value the mitigating effects of riparian buffers or floodplains. As a result,
development occurred within the historic floodplain. However, floodplain development is not isolated to
small communities; nationwide, nearly one fifth of all urban land is located in the 100-year floodplain [6].
In addition to the loss of floodplain connectivity, stream crossing structures (i.e., culverts and bridges)
were often sized based on rules of thumb with minimal engineering analyses [5]. Newer construction or
upgrades to municipal roads are often designed for the 10- or 25-year return period event. The rainfall
depth and the stream discharge value for these return periods are determined using historical data [7,8].
However, as the frequency of extreme events and more intense rainstorms increase, the historical data do
not account for the higher risk to infrastructure moving forward [9], potentially resulting in more frequent
flooding. In this changing climate, the assumption of stationary risks (i.e., 100-year event) that underpins
the engineering design of infrastructure projects is no longer valid [10]. This translates to an increased
probability of occurrence for current 100- or 500-year events in the future due to climate change.
Stream and floodplain restoration are sometimes used to mitigate flooding resulting from historical
development practices [11–13]. There are many examples of stream restoration projects reducing
localized flooding, both in the United States (e.g., [14,15]) and internationally [13]. However, often,
only small sections of stream are targeted for restoration and a thorough upgrade of stream crossings
is limited or absent, and a systematic evaluation of stream crossings is rarely conducted. To realize the
full flood reduction and ecological benefits of stream restoration, a reachwide analysis that accounts
for the stream channel, floodplain and stream crossing structures concurrently is needed. The overall
goal of this paper is to propose a planning-level framework for evaluating the potential impacts of
stream and floodplain restoration in urbanized catchments with a focus on increasing resilience to
extreme events. This evaluation process is illustrated using a hydraulic modeling case study on Big
Ditch, a floodprone urban stream in Goldsboro, North Carolina, USA.
2. Methods
2.1. Case Study Site
The Big Ditch drains an area of 8.0 square kilometers of the City of Goldsboro, NC to the Neuse
River (Figure 1). The watershed is 93% developed, and 35% of the area is covered by impervious
surfaces [16]. Long segments of the stream have been straightened and armored; many sections through
the town are rectangular or trapezoidal concrete channels (see Figure 2). There is no functioning
floodplain aside from a small section where a restoration project was completed. In addition, there
are 20 road or railroad crossings of the stream within the city limits (Figure 1). Local officials have
reported flash flooding along the stream, which has resulted in property damage and road closures.
During extreme events, flooding along the stream can limit the movement of emergency services and
resources, isolating some sections of the town.
2.2. Proposed Evaluation Approach
A hydraulic modeling approach was proposed to systematically evaluate the flood-reduction
impacts of restoration. Several restoration and infrastructure modification scenarios were identified
and modeled to evaluate the relative impact of floodplain restoration and crossing modifications on
flooding. The results were evaluated by examining the decrease in water surface elevation (WSE) and
spatial extent of flooding for a range of flood return periods. The proposed modeling framework and
evaluation scenarios can be broadly applied to restoration planning and infrastructure improvement
projects. The scenarios evaluated include:
1.

Crossings Modified: All the stream crossing structures in the model were modified to a size that
would eliminate any flow obstruction (i.e., culverts were replaced with elevated bridges spanning
the channel). No changes were made to the channel geometry or floodplain extent. This scenario
was intended to gauge the influence of undersized crossings on flooding.
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2.3. Case Study Hydraulic Model
2.2. Proposed Evaluation Approach
A Hydrologic Engineering Center-River Analysis System (HEC-RAS) model for Big Ditch was
A hydraulic modeling approach was proposed to systematically evaluate the flood-reduction
developed by and obtained from the North Carolina Floodplain Mapping Program (NCFMP) [17].
impacts of restoration. Several restoration and infrastructure modification scenarios were identified
The NCFMP uses these models to develop regulatory floodplain maps for North Carolina. HEC-RAS is
and modeled to evaluate the relative impact of floodplain restoration and crossing modifications on
a widely used hydraulic model developed by the US Army Corps of Engineers [18]. HEC-RAS has been
flooding. The results were evaluated by examining the decrease in water surface elevation (WSE) and
used to evaluate restoration projects [19], forecast flooding [20], develop floodplain maps [21], design
spatial extent of flooding for a range of flood return periods. The proposed modeling framework and
bridges and evaluate dam breaches, and for many other complex hydraulic modeling problems [18].
evaluation scenarios can be broadly applied to restoration planning and infrastructure improvement
While HEC-RAS can be used for both one- and two-dimensional hydraulic modeling, a one-dimensional
projects. The scenarios evaluated include:
model was used for this analysis because of the availability of the existing model from the NCFMP
and Crossings
because the
current All
version
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2D (v. 5.0)
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to simulate
bridges.
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Modified:
the stream
crossing structures
in the
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were modified
to a size
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would eliminate any flow obstruction (i.e., culverts were replaced with elevated bridges
spanning the channel). No changes were made to the channel geometry or floodplain extent.
This scenario was intended to gauge the influence of undersized crossings on flooding.
2. Floodplain Restoration Only: Stream and floodplain restoration was applied to the entire reach
of stream. No changes were made to the road crossings. This scenario was included to gauge the
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By contrast, HEC-RAS 1D has routines for simulating the hydraulics of bridges and culverts [22].
For one-dimensional steady-flow models, HEC-RAS simulates the water surface profile by iteratively
solving the one-dimensional energy equation (Equation (1)) using the standard step method with a
given upstream discharge and downstream water surface boundary condition [22].
Z2 + Y2 + α2 V2 2 /2g = Z1 + Y1 + α1 V1 2 /2g + he

(1)

where Z1 and Z2 are the elevation of the channel at adjacent cross sections, Y1 and Y2 are the water
depths, V1 and V2 are the average velocities, α1 and α2 are the velocity weighting coefficients, g is the
gravitational acceleration constant, and he is the energy head loss, which is a function of the friction
losses and contraction or expansion losses. Conveyance for each cross section subdivision is calculated
using a form of Manning’s equation (see Equations (2) and (3)).
K = 1/n × AR2/3

(2)

Q = K × Sf 1/2

(3)

where K is the conveyance, n is Manning’s roughness, A is the flow area, R is the hydraulic radius, Q is
the discharge and Sf is the slope of the energy grade line [22].
In the existing HEC-RAS model, the elevations for the overbank areas were based on a 150 cm
spatial resolution, 9.25 cm vertical root mean square error (RMSE) DEM (digital elevation model) derived
from North Carolina’s LiDAR (light detection and ranging) elevation data [23], while the channel cross
sections and hydraulic structure elevations were based on detailed survey data. Model cross sections
were located upstream of crossings, at slope and channel geometry changes and at other obstructions
(i.e., buildings). Flow obstructions were included to represent building structures, and ineffective flow
areas were used to represent areas that do not contribute to conveyance [22]. The Manning’s n values
were based on the land cover and channel material [24]. The parameters for the existing HEC-RAS
model are presented in Table 1.
Table 1. Existing Hydrologic Engineering Center-River Analysis System (HEC-RAS) model parameters.
Parameter

Description

Stream length in study area

4.5 km

Model cross sections in study area

67

Bridges and culverts in study area

19

Channel area

7.5–26 m2

Manning roughness

0.013–0.05 (channel)
0.058–0.12 (overbanks)

Average channel slope

0.0017 m/m

Downstream boundary condition

Constant water surface elevation (20.1 m)—threshold
for major flooding on the downstream Neuse River

Overbank elevation source

LiDAR DEM—150 cm spatial resolution,
9.25 cm vertical RMSE

Channel cross section elevation source

Detailed bathymetric cross section survey

Discharges for a range of return periods were calculated using US Geological Survey (USGS)
streamflow data. The USGS operated a gaging stating (USGS #02088682) on the Big Ditch at Retha St.
from 1951 to 1984. Annual peak discharges from this 34-year period were used to develop discharge
values at the gage for a range of return periods using methods outlined in USGS Bulletin #17B [25].
For other stations along the stream, discharge values were computed by multiplying the discharge
calculated using USGS regional regression equations (based on drainage area) by the ratio of the
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discharge calculated using USGS Bulletin #17B to the USGS regression flow at the gaging station
location. Final discharge values were then increased by 16.5% to account for the increased frequency of
extreme events since 1980 [26]. The modeled discharges at flow change locations along the stream are
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2.5. Stream and Floodplain Restoration
2.5. Stream and Floodplain Restoration
A Priority 2 restoration approach was assumed for the modeling evaluation [27]. The channel
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limited impacts on existing utilities. The entrenchment ratio is generally a project-specific parameter
that depends on the available land parcels and target stream type. The resulting floodplain width
ranged from 22 to 34 m along the stream. The channel bed of the proposed restoration followed the

Water 2020, 12, 1620

6 of 14

of 6 also maximized the use of properties directly adjacent to the channel and limited impacts on
existing utilities. The entrenchment ratio is generally a project-specific parameter that depends on
the available land parcels and target stream type. The resulting floodplain width ranged from 22 to
34
m2020,
along
stream.
The channel bed of the proposed restoration followed the elevation of
the
Water
12, the
x FOR
PEER REVIEW
6 of
15
existing stream bed. In the HEC-RAS model, a Manning’s roughness value of 0.1 was used for the
roughness will
along
thewas
floodplain
vegetation
matures,
0.1, which
corresponds
to
floodplain,
and avary
value
of 0.04
used foras
thethe
restored
channel
[24]. While
Manning’s
roughness
“medium
to dense
in summer”,
was usedmatures,
as a conservative
[25]. Figure
4 shows atotypical
will
vary along
the brush,
floodplain
as the vegetation
0.1, whichvalue
corresponds
to “medium
dense
cross section
of the was
proposed
floodplain
restoration.
The Figure
floodplain
restoration
assumed
brush,
in summer”,
used as
a conservative
value [24].
4 shows
a typicalwidth
cross was
section
of the
to be uniform
alongrestoration.
the lengthThe
of floodplain
the streamrestoration
and was not
modified
to accommodate
existing
proposed
floodplain
width
was assumed
to be uniform
along
infrastructure
forstream
the analysis.
AutoCAD
Civilto3D
[32] was used
to develop
a surface for the restored
the
length of the
and was
not modified
accommodate
existing
infrastructure
analysis.
channel and
floodplain,
which
imported
to HEC-RAS,
and thechannel
cross sections
were updated
AutoCAD
Civil
3D [31] was
usedwas
to develop
a surface
for the restored
and floodplain,
which
accordingly.
was
imported to HEC-RAS, and the cross sections were updated accordingly.

Figure 4. Typical
restoration.
Typical cross section modification for floodplain restoration.

3.
Results
3. Results
3.1. Crossings Modified
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The first step of the analyses evaluates the extent to which the road crossings contribute to flooding.
The first step of the analyses evaluates the extent to which the road crossings contribute to
This scenario represents a traditional civil engineering approach of addressing the hydraulic capacity of
flooding. This scenario represents a traditional civil engineering approach of addressing the
the stream crossing to reduce flooding. The water surface profile for the 100-year event resulting from
hydraulic capacity of the stream crossing to reduce flooding. The water surface profile for the 100increasing the hydraulic capacity of all 19 road crossings is shown in Figure 5. The stream crossing
year event resulting from increasing the hydraulic capacity of all 19 road crossings is shown in Figure
structures at the most upstream and downstream extents of the model appear to cause backwater
5. The stream crossing structures at the most upstream and downstream extents of the model appear
effects (i.e., the water surface was substantially lower when the crossings were removed from the
to cause backwater effects (i.e., the water surface was substantially lower when the crossings were
model). By contrast, there was very little impact from the road crossing structures throughout the most
removed from the model). By contrast, there was very little impact from the road crossing structures
developed area of the city (i.e., the water surface did not drop substantially when the crossings were
throughout the most developed area of the city (i.e., the water surface did not drop substantially
removed from the model from river stations 1000 to 4000 m). However, for the 100-year event, the
when the crossings were removed from the model from river stations 1000 to 4000 m). However, for
overtopping of five road crossings could potentially be prevented with these modifications.
the 100-year event, the overtopping of five road crossings could potentially be prevented with these
For the 10-year event (see Figure 6), the crossings appear to have some effect throughout the most
modifications.
developed area of the city; removing the crossings results in a 0.3 to 0.6 m decrease in WSE compared to
the existing condition. The overtopping of ten roads could be prevented for the 10-year event if all the
crossings were altered. This indicates that modifying the crossings to eliminate any flow obstructions
could result in some benefit for low return period events; however, the limited benefits would likely
not justify the costs.
The minimal change in peak WSE for the 100-year event along most of the stream indicated that
the road crossing structures are not the only cause of flooding along the stream. For much of the stream
length, the channel does not have the hydraulic capacity to convey the flow of the smallest modeled
discharge, the 10-year event (i.e., water level above the banks even with the crossings removed).
These results indicate that the flooding problems along the Big Ditch cannot be resolved by modification
of the road crossings alone.

Figure 5. Water surface profiles for the Existing Condition and the Crossings Modified scenario for the 100year event.

For the 10-year event (see Figure 6), the crossings appear to have some effect throughout the
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3.4. Restoration for Resilience to Extreme Events
3.4. Restoration for Resilience to Extreme Events
To have a meaningful impact on flooding along Big Ditch, most of the crossings would need
To have a meaningful impact on flooding along Big Ditch, most of the crossings would need to
to be modified in combination with stream and floodplain restoration. However, upgrading all
be modified in combination with stream and floodplain restoration. However, upgrading all the
the crossings would be prohibitively expensive in terms of initial capital investment and ongoing
crossings would be prohibitively expensive in terms of initial capital investment and ongoing
maintenance. However, retaining the existing condition does not seem viable given that repeated
maintenance. However, retaining the existing condition does not seem viable given that repeated
flooding presents a public safety hazard, restricts and slows emergency response efforts, and results
flooding presents a public safety hazard, restricts and slows emergency response efforts, and results
in recurring damage to buildings and other infrastructure. With increasing rainfall intensity and the
in recurring damage to buildings and other infrastructure. With increasing rainfall intensity and the
frequency of extreme events, a shift to a more comprehensive and strategic approach to infrastructure
frequency of extreme events, a shift to a more comprehensive and strategic approach to infrastructure
planning and management is needed; simply increasing capacity is an inadequate solution.
planning and management is needed; simply increasing capacity is an inadequate solution.
The Restoration for Resilience to Extreme Events scenario proposes an alternative approach to
The Restoration for Resilience to Extreme Events scenario proposes an alternative approach to
redeveloping these areas with a focus on adapting to climate change. The objectives of this scenario
redeveloping these areas with a focus on adapting to climate change. The objectives of this scenario
were to alleviate flooding as much as possible, provide continuous transportation access during extreme
were to alleviate flooding as much as possible, provide continuous transportation access during
events and limit long-term infrastructure maintenance and damage costs. To achieve this, floodplain
extreme events and limit long-term infrastructure maintenance and damage costs. To achieve this,
restoration was combined with modification of selected high-use road crossings by spanning the
floodplain restoration was combined with modification of selected high-use road crossings by
floodplain with a bridge to increase hydraulic capacity. All less-used, redundant road crossings were
spanning the floodplain with a bridge to increase hydraulic capacity. All less-used, redundant road
eliminated. To select and optimize which culverts and bridges to enlarge or completely remove, several
crossings were eliminated. To select and optimize which culverts and bridges to enlarge or
criteria should be considered, including the road level of service, estimated replacement cost, structural
completely remove, several criteria should be considered, including the road level of service,
condition, modeled road crossing overtopping frequency (e.g., 10-year, 25-year, etc.), proximity to
estimated replacement cost, structural condition, modeled road crossing overtopping frequency (e.g.,
alternate routes and critical transportation importance (proximity to and use for emergency service
10-year, 25-year, etc.), proximity to alternate routes and critical transportation importance (proximity
response). For this project, the eliminated crossings are all located on secondary roads that primarily
to and use for emergency service response). For this project, the eliminated crossings are all located
provide access to medium-density residential neighborhoods. The transportation system is a grid
on secondary roads that primarily provide access to medium-density residential neighborhoods. The
network, and the removed crossings are located at a maximum of 500 m from an adjacent crossing
transportation system is a grid network, and the removed crossings are located at a maximum of 500 m
alternative. This scenario might increase travel time in some areas but also would provide critical
from an adjacent crossing alternative. This scenario might increase travel time in some areas but also
access during extreme events and prevent flooding caused by backwater conditions upstream of the
would provide critical access during extreme events and prevent flooding caused by backwater
road crossings.
conditions upstream of the road crossings.
The resulting WSE profile for this scenario is shown in Figure 10. The peak WSE was decreased
The resulting WSE profile for this scenario is shown in Figure 10. The peak WSE was decreased
by about 1 to 1.5 m compared to the existing condition along most of the stream, and flooding was
by about 1 to 1.5 m compared to the existing condition along most of the stream, and flooding was
substantially reduced, with none of the remaining crossings overtopped for the 100-year event. In fact,
substantially reduced, with none of the remaining crossings overtopped for the 100-year event. In
this scenario resulted in a similar reduction in WSE as removing all the crossings from the model.
fact, this scenario resulted in a similar reduction in WSE as removing all the crossings from the model.
This scenario also prevents overtopping for six of the seven remaining crossings for the 500-year event
This scenario also prevents overtopping for six of the seven remaining crossings for the 500-year
(see Figure 11).
event (see Figure 11).
The reduction in WSE resulting from the floodplain restoration and modification of the road
The reduction in WSE resulting from the floodplain restoration and modification of the road
crossings would substantially reduce the areal extent of flooding and generally confine the overbank
crossings would substantially reduce the areal extent of flooding and generally confine the overbank
flow to the restored floodplain area for the 100-year event (see Figure 12).
flow to the restored floodplain area for the 100-year event (see Figure 12).
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4. Discussion
Wilby and Keenan [33] identify three broad measures for managing flood risk: (1) defending
against floods with traditional infrastructure, (2) accommodating and living with floods and (3)
withdrawing from floodprone areas. The methodology detailed herein combines the three
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4. Discussion
Wilby and Keenan [32] identify three broad measures for managing flood risk: (1) defending against
floods with traditional infrastructure, (2) accommodating and living with floods and (3) withdrawing
from floodprone areas. The methodology detailed herein combines the three approaches by modifying
critical infrastructure, adapting to flooding by recognizing some reduction in transportation efficiency
and identifying areas for floodplain recovery. However, the approach described herein has the
potential to go beyond simply withdrawing from the floodplain. Rather, this study evaluates a more
comprehensive stream restoration approach of converting a highly engineered and armored stream
channel into a well-vegetated and properly sized channel with an adjacent floodplain that could provide
ecological benefits such as enhanced habitats, potential water quality improvement and sediment
capture [13,33] in addition to flood mitigation. Furthermore, the addition of stream restoration to the
flood mitigation strategy can facilitate opportunities for incorporating community greenspace and
trails [34]. This planning-level analysis and modeling effort were conducted to estimate the relative
drivers of flooding and to determine the maximum possible flood reduction during extreme events
that can be achieved through stream restoration. Additional detailed design analyses to optimize
the size of each crossing and floodplain width are necessary in order to reveal the lowest-risk, most
cost-effective design. Figure 13 summarizes the proposed planning-level framework for evaluating the
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The results of this study indicate that a multifaceted mitigation approach is necessary to address
The results of this study indicate that a multifaceted mitigation approach is necessary to address
the complex problem of flooding facing Coastal Plain communities. In many locations, mitigation
the complex problem of flooding facing Coastal Plain communities. In many locations, mitigation
approaches that incorporate stream restoration with modifications to traditional infrastructure will be
approaches that incorporate stream restoration with modifications to traditional infrastructure will
required to effectively mitigate flooding impacts. In Goldsboro, this combined approach could alleviate
be required to effectively mitigate flooding impacts. In Goldsboro, this combined approach could
flooding along most of the Big Ditch, even for the 100-year and greater events. This modeling effort
alleviate flooding along most of the Big Ditch, even for the 100-year and greater events. This modeling
addressed tributary flooding only; flooding along the lower third of Big Ditch cannot be avoided when
effort addressed tributary flooding only; flooding along the lower third of Big Ditch cannot be
there is backwater from the Neuse River. Therefore, removing structures and people from floodprone
avoided when there is backwater from the Neuse River. Therefore, removing structures and people
areas in this section of the stream is the most feasible solution. Previous research also indicated that
from floodprone areas in this section of the stream is the most feasible solution. Previous research
using a system-scale approach can provide substantial benefits, even for the 100-year storm [35].
also indicated that using a system-scale approach can provide substantial benefits, even for the 100-year
storm [36].
In areas with extensive development in the floodplain, stream and floodplain restoration of any
magnitude would require land acquisition and/or the securing of easements, the relocation or
demolition of some structures, and the relocation of underground and overhead utilities. Constraints
imposed by property boundaries, infrastructure and high construction costs are major factors that
tend to limit the impact of urban stream restoration projects [6]. While this proposed approach may
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In areas with extensive development in the floodplain, stream and floodplain restoration of any
magnitude would require land acquisition and/or the securing of easements, the relocation or demolition
of some structures, and the relocation of underground and overhead utilities. Constraints imposed by
property boundaries, infrastructure and high construction costs are major factors that tend to limit the
impact of urban stream restoration projects [6]. While this proposed approach may appear excessive
and costly, significant future infrastructure improvements and associated investments will be necessary
to adapt to more intense rainfall and more frequent extreme events [36], and the opportunity costs
associated with this type of project will become less prohibitive as climate change progresses.
Despite the increasingly grave implications of climate change’s impacts on transportation
infrastructure, recent research indicates that most transportation planning agencies have not undertaken
substantial efforts to implement adaptation actions to increase network resilience [37,38]. There are
some efforts focused on upgrading infrastructure during routine maintenance activities, adjusting
design standards, and developing factors of safety for current design levels [9]. However, many areas
are falling short considering the scale of adaptation that will be required. In the most vulnerable areas,
shifting the focus from efficient transportation routes to resilient transportation routes that are designed
for extreme events will be essential to facilitate critical emergency responses and ensure public safety.
5. Conclusions
The results from this case study showed that floodplain restoration in combination with
modifications to stream crossings and adjacent infrastructure can provide substantial flood reduction
benefits. In addition to mitigating flooding, a comprehensive approach that includes stream restoration
could offset costs by also improving ecological functional benefits and increasing opportunities for
developing community assets such as trails and greenspace. The benefits of stream restoration efforts
for flood mitigation are likely highly variable across stream reaches and landscapes. For example,
benefits may be limited in lower gradient areas or where flooding is compounded by backwater from
downstream rivers. For some locations, reducing flood risk and improving resilience might be best
addressed by moving structures out of floodprone areas through buyouts and raising the elevation
of select road crossings to provide access during extreme events. However, floodplain restoration in
these areas may still provide benefits such as decreased nuisance flooding, water quality improvement,
habitat enhancement and opportunities for community green space [33,34]. While engineering and
policy actions can reduce the flood hazard, the elimination of risks is not achievable for many Coastal
Plain communities. Living in low-lying areas will increasingly mean learning to accept some level of
damage associated with flooding [32].
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