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Executive Summary  
 

Since 1990, flooding-related disasters in the United States have cost the government over 
$200 billion. Much of this damage has been concentrated along the east coast, which is regularly 
impacted by hurricanes and coastal storms. Further, sea level rise and other climate change-
related issues are predicted to amplify the threat of flooding in many coastal communities in the 
near future. In North Carolina, the impacts of sea level rise have already been noticeable, and 
flooding is expected to become an increasing threat since sea level rise in this region is predicted 
to advance at twice the global rate. A vast amount of money is spent on preparing for flooding-
related disasters in coastal NC, and assessing the effectiveness of various flood preparedness 
strategies is a critical component of analyzing policy success. Further, since sea level rise will 
alter the risk posed by flooding, projecting the effectiveness of flood preparedness strategies into 
the future is necessary in order to ensure continued protection and avoid maladaptation.  

As a result, the goals of this analysis were threefold: 1) Assess the effectiveness of 
current flood preparedness initiatives employed by a cross-section of communities in Pamlico 
Sound and the Outer Banks; 2) Project the effectiveness of the same flood preparedness 
strategies in 2045 and 2100, accounting for continuing sea level rise and other climate change-
related issues; 3) Identify the aspects of policies that may be maladaptive in the context of 
continuing climate change, which may exacerbate flood risk. A case study approach using an 
outcomes-based policy analysis was employed to investigate the effectiveness of flood 
preparedness strategies in Kinston, Washington, Belhaven, Duck and greater Dare County. The 
main flood preparedness strategies employed by these communities were analyzed in terms of 
their effectiveness at reducing flood risk in the past, and their potential to protect against future 
flooding. The policies and regulations surrounding these main flood preparedness strategies were 
then analyzed to identify any potential maladaptive aspects with respect to sea level rise.  

The results of this analysis suggest that the majority of flood preparedness strategies 
employed by the NC coastal communities examined here have effectively reduced damages 
during past flooding events. Acquisition and relocation in Kinston, in-place elevation in 
Washington and Belhaven, and shoreline stabilization in greater Dare County have withstood 
flooding disasters since their implementation, and have been successful at reducing flood losses. 
The one exception was for land use planning in the town of Duck, which has not yet proven 
effective at preventing erosion or reducing ongoing flood risk. However, when the performance 
of these same flood preparedness strategies was analyzed in light of ongoing sea level rise to the 
middle and end-of-century, the effectiveness of most strategies was greatly reduced. Specifically, 
in-place elevation strategies in Washington and Belhaven, and floodplain development 
regulations in Duck only account for 100-year flooding events (1% annual chance floods), which 
will likely become 10% annual chance floods by mid century. Further, these currently rare 
flooding events could become annual occurrences by 2100. In addition, efforts to install living 
shorelines in place of hardened shoreline armoring structures in greater Dare County are likely 
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not proceeding quickly enough along the Outer Banks to be effective by 2045. Nonetheless, this 
approach to flood preparedness may prove effective by 2100 if barriers preventing wide-scale 
implementation are removed. The only flood preparedness strategy that is expected to be 
effective in both 2045 and 2100 is the acquisition and relocation initiative employed by Kinston. 
This strategy successfully removed flood-prone houses out of the floodplain and prevented future 
development in this area by returning the floodplain to its natural state, which will allow the 
floodway to absorb floodwater and buffer associated wave energy even if the frequency and 
severity of storms increases in the future.   

The final stage of this analysis revealed a number of maladaptive aspects of current flood 
preparedness policies and regulations. In particular, strategies were found to be maladaptive if 
they facilitated floodplain development, employed short-term planning, or did not account for the 
increasing risk associated with sea level rise. Land use regulations such as beach nourishment 
and investments in transportation infrastructure in Duck, along with floodplain development 
regulations in Washington and Belhaven, may be maladaptive if they promote movement into the 
floodplain and provide false risk signals to residents. Further, planning that is shortsighted such 
as the 10 to 20-year timeframe employed in Duck, or inhibits the progress of beneficial long-
term planning, such as the facilitation of shoreline armoring in Dare County, was found to be 
maladaptive. On a larger scale, the failure of NC legislation to account for the risk of climate 
change and sea level rise in hazard preparedness planning is maladaptive, and affects the ability 
of local planning to account for this risk.    

Overall, this analysis emphasizes the fact that communities differ in terms of the flood 
preparedness strategies employed, due to varying topographic, social, and economic settings. 
The variable and partially unpredictable nature of future climate change and sea level rise 
requires adaptive management of flood-related risks, and underscores the importance of long-
term planning horizons and preparation for worst-case scenarios. In addition, policymakers 
should ensure that incentives are aligned with policy goals, in order to prevent maladaptive 
behavior. The ability of coastal NC communities to withstand future flooding disasters will 
depend on the actions taken today to prepare for these threats. This analysis sheds light on the 
successes and failures of current preparedness efforts, which is a critical step in identifying 
opportunities to optimize flood preparedness planning going forward.
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1. Introduction  
 
More than ninety percent of disaster-related damage in the United States is caused by flooding 

(NCDEM 1999). According to the National Weather Service, floods have caused over $217 

billion in damage across the US since 1990 (NOAA 2015). On the Atlantic Coast, hurricanes, 

storm surge, extreme precipitation and land subsidence all contribute to flooding, which is 

further exacerbated by the effects of climate change on temperature and current patterns in both 

the air and ocean. For example, there have been suggestions that increased sea surface 

temperature in the Atlantic Ocean is linked to a substantial increase in hurricane activity since 

the early 1980s, including an increase in the intensity, frequency, and duration of storms (Walsh 

et al. 2014). In addition, sea level rise caused by melting of land-based ice into the oceans as well 

as by thermal expansion of the oceans as they warm is accelerating, especially along the Atlantic 

Coast of the US (Spanger-Siegfried et al. 2014). As a result, the risk of flooding faced by coastal 

communities in this region is increasing. 

 

In coastal North Carolina (NC), climate change has already caused the risk of extreme flooding 

to double (Strauss et al. 2014). This region is particularly susceptible to damaging floods due to 

the fact that disasters will continue to occur, and the most vulnerable communities are 

undergoing rapid growth and development (NCDEM 1999). Studies in 2010 and 2015 by the NC 

Coastal Resources Commission predict that parts of coastal North Carolina may experience an 

increase in sea level of over seven inches by 2045, and more than three feet by 2100 (NCCRC 

2010; NCCRC 2015). As an example of the consequence of climate change, the combination of 

sea level rise, storm surge and high tide may increase the risk of a four-foot flooding event to a 

one in six chance by 2020 (Climate Central n.d.). In NC, over 1.3 million acres of land are within 

four feet of the high tide line, as well as 61,000 residences totaling $8.8 billion in property value 

(Strauss et al. 2014). Critical infrastructure is also at risk in a four-foot flooding event: more than 

2,500 miles of road, 130 EPA-listed hazardous waste and sewage sites, and 15 schools lie below 

the four-foot flood line (Strauss et al. 2014). 

 

After major flooding disasters such as hurricanes, cities and counties in NC often receive funding 

from the federal government to respond to and recover from the damage. Since 1998, recovery 
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from hurricanes in North Carolina alone has cost the government $550 million in Public 

Assistance funding, a figure that does not take into account the damage done to agriculture, 

businesses or individuals (FEMA 2015). Much of this damage, however, can be prevented by 

taking proactive measures to prepare for the effects of flooding. As Godshalk et al. (1999) state, 

“natural hazard events cannot be prevented from occurring, but their impacts on people and 

property can be reduced if advance action is taken to mitigate risks and minimize vulnerability” 

(Pp. 4).  For this reason, the Federal Emergency Management Agency (FEMA) has adopted a 

proactive approach to emergency management policy by prioritizing preparing for the effects of 

recurring natural hazards, such as floods, before they occur. These efforts to reduce damage 

caused by flooding are key to lowering community vulnerability and saving money in the long 

term. For example, an analysis from the Multihazard Mitigation Council (MMC) suggests that 

every dollar spent on mitigation results in an average of $4 saved (MMC 2005). Nonetheless, 

investing in ineffective flood mitigation strategies is counterproductive, and in some cases even 

maladaptive if the strategies cause an increase in flooding risk. Therefore, determining the 

effectiveness of different flood mitigation strategies should be a central goal of preparedness 

planning.  

1.1 Embracing the “mitigation ethic” in North Carolina 
In North Carolina, the commitment to proactively reducing the risk of flooding damage (i.e. 

“flood preparedness”) began in full force following Hurricane Fran, which struck the coast in 

September 1996 (NCDEM 1999). A 1999 report by the NC Division of Emergency Management 

(NCDEM) states that 1996 was when “the state began to intervene in a comprehensive manner 

[with the goal to] reverse, or at least stabilize, the trend of escalating disaster losses” (Pp. 1). 

Between 1996 and 1999, North Carolina received funding from FEMA’s Hazard Mitigation 

Grant Program totaling nearly $150 million to acquire, relocate and demolish flood-prone 

structures, elevate homes, stabilize dunes, improve drainage systems and educate communities 

(NCDEM 2000; FEMA 2015).  

 

In general, North Carolina’s flooding preparedness strategies take one of four forms (NCDEM 

2000): 
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1. Comprehensive mitigation planning, the ongoing process of identifying vulnerabilities 

to flooding, and developing plans and implementation strategies to reduce the impacts of 

flooding. 

2. Flooding avoidance, which consists of removing threatened structures from flood-prone 

areas through land use planning, and through the acquisition or relocation of flood-prone 

structures and areas. 

3. Strengthening buildings and infrastructure, designed to protect property from the 

effects of flooding through in-place elevation of structures or flood-proofing. 

4. Maintaining natural environmental features, including dunes, maritime forests, 

vegetation, and wetlands that reduce flood and wave impacts. 

 

In the same year as the publication of NCDEM’s 1999 report, Hurricane Floyd struck North 

Carolina and caused unprecedented flooding (NCDEM 2000). A second NCDEM report was 

released shortly after Floyd impacted the coast, providing a unique opportunity to assess the 

effectiveness of mitigation strategies that had been undertaken since Fran in 1996. Across the 

state, Hurricane Floyd had destroyed or majorly damaged 11,000 houses (NCDEM 2000). Of 

these, the vast majority were situated within the 100-year floodplain. Additionally, 80 percent of 

residences that were flooded did not have flood insurance coverage, and across North Carolina, 

less than 35 percent of residences within floodplains were covered by flood insurance (NCDEM 

2000). These findings highlighted the fact that a long-term flood preparedness strategy in North 

Carolina should emphasize a reduction in the vulnerability of houses to flooding.  

1.2 Why assess effectiveness?   
The 2000 NCDEM report provided a preliminary analysis of the effectiveness of flood 

preparedness activities that had been undertaken during the three years prior. This effort, while 

informative, lacked the length of timeframe necessary to assess the economic, social and 

environmental benefits of the most widely used preparedness strategies. Further, this report did 

not attempt to analyze the potential effectiveness of flood preparedness strategies into the future. 

Since then, no comprehensive effort has been made to assess the effectiveness of flood 

preparedness strategies in NC, likely due to the difficulties inherent in analyzing the costs and 

benefits of the wide range of regulations and policies that are employed to combat flooding. 

However, an analysis of the preparedness strategies that are most widely used by coastal NC 
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communities is necessary to provide essential information about which are most successful, and 

why.  

 

Causational links between flood preparedness activities and damage avoidance are difficult to 

demonstrate, however drawing correlative connections between preparedness strategies and 

changes in the vulnerability of communities over time can inform our understanding of whether 

strategies are effective. Further, since climate change will exacerbate the risk of flooding in 

many coastal NC communities, there is a need to assess whether flood preparedness strategies 

are forward looking, and whether they take this increased risk into account. If regulations do not 

account for climate change-induced risks such as sea level rise, or worse, if policies promote 

activities that exacerbate these risks, these policies are maladaptive and should be addressed. As 

a result, identifying and rectifying maladaptive policies should be a priority for policy makers in 

coastal NC communities.  

1.3 Purpose of study and goals 
Due to the immense cost of flooding disasters in NC, analyzing the effectiveness of current flood 

preparedness strategies should be a primary goal for policy makers in these regions. Since some 

preparedness strategies may perform better than others, there is a need to assess the regional 

considerations, costs and benefits of each. Further, effective flood preparedness strategies should 

take into account the increasing flood risk associated with future climate change and sea level 

rise. Policies developed without considering future climate change are likely to be maladaptive if 

they exacerbate the risk stemming from sea level rise and other changes in coastal storms and 

flooding events.  

 

Therefore, the first goal of this analysis was to assess how effective the most widely used flood 

preparedness strategies have been in coastal North Carolina. The second goal was to assess the 

performance of the same preparedness strategies in light of future climate change and associated 

sea level rise. Finally, the third goal of this analysis was to identify any maladaptive policies that 

may exacerbate the risk of flooding, given that climate change will amplify flood risks.  
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2. Methodology  

2.1 Focus regions  
This analysis investigated flood 

preparedness initiatives within Pamlico 

Sound and the Outer Banks. These two 

regions were chosen because they 

encompass a cross-section of coastal NC 

communities, and represent two distinct 

geographic areas: the coastal plain and 

the barrier islands. The analysis was 

focused on northern coastal NC, 

because this region is expected to 

experience higher rates of sea level rise 

over the next century, compared to 

southeastern NC (NCCRC 2015). In 

order to narrow the scope of this 

analysis, a selection of communities that 

span a variety of geographic locations and sizes, were chosen (as described below). Further, this 

analysis required communities to have flood preparedness strategies in place, and so was limited 

to communities that have updated hazard mitigation plans and have experienced flooding events 

in fairly recent history.   

Pamlico Sound 
Pamlico Sound is a large saltwater lagoon, approximately 80 miles long and 15-20 miles wide, 

that sits between mainland North Carolina and the Outer Banks (Fig. 1). The Sound is connected 

to an array of estuaries, and is fed by two main rivers, the Neuse and the Tar, that flow in from 

the west. Because it is fairly shallow, the body of water that makes up Pamlico Sound is easily 

displaced by wind and pressure-driven tidal fluctuations (OuterBanks.com). As a result, cities 

and towns that are situated along the estuaries connected to Pamlico Sound are in danger of 

being flooded during hurricanes and large tidal changes that push the water westward, up the 

rivers.  

 

Pamlico( Sound

Outer( Banks

Figure 1. Map of North Carolina coast, showing location of Pamlico 
Sound and the Outer Banks. (Source: modified from NOAA). 



 6 

Disaster mitigation policies began to take shape in the Pamlico Sound region in the mid 1990s, 

with the federal government urging communities to assess their vulnerability and take proactive 

measures to reduce damages from natural disasters (Holland Consulting Planners 2015). 

Following Hurricane Fran in 1996, several cities adopted mitigation strategies to address the 

problem of recurrent flooding. Specifically, the cities of Washington and Belhaven in Beaufort 

County, and the city of Kinston in Lenoir County began to take steps to reduce their risk of 

flooding following Hurricane Fran, and therefore these were the focus locations within Pamlico 

Sound for the purpose of this analysis.   

Outer Banks 
The Outer Banks is a narrow, 200-mile long chain of barrier islands that span most of the North 

Carolina coastline. These islands separate inland North Carolina from the open Atlantic Ocean 

(Fig. 1). The Outer Banks are not anchored to the seafloor, but instead formed through a complex 

process whereby sediments were deposited along shallow areas off the mainland (Freudenrich 

2001). As a result, this region experiences regular erosion and shoreline migration due to shifting 

sediment.  

 

Dare County, which encompasses the northern section of the Outer Banks, has experienced a 

number of severe flooding events, which are amplified by erosion of the coastline (Dare County 

Commissioners 2010). Further, while the permanent population of towns on the Outer Banks 

tend to be small, this region experiences an influx of summer vacationers, and is seeing rapid 

development as a result. For example, the town of Duck has a permanent population of around 

500 people, but the population swells to over 25,000 in the summer months (Dare County 

Commissioners 2010). Duck was only officially incorporated as a town in 2002, but the area has 

seen rapid development since the early 1990s (Dare County Commissioners 2010).  

 

Development along the Outer Banks increases the number of homes, businesses and critical 

infrastructure at risk of flooding. Currently, all of Dare County’s communication towers and fire 

stations are located within the 100-year floodplain, along with eight schools and nine police 

stations (Dare County Commissioners 2010). Due to the fairly recent growth in the permanent 

population in Dare County, this region has begun developing land use plans and regulations to 

minimize the impacts of flooding. As a result, this analysis focused on efforts undertaken in the 
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town of Duck and in greater Dare County, in an effort to assess the effectiveness of flood 

preparedness strategies in the Outer Banks region.  

2.2 Outcomes-based approach  
The effectiveness of different flood preparedness projects was assessed by measuring 

improvements in resilience following implementation of a given strategy. “Effectiveness” was 

measured as a function of the impact of projects and policies on reducing community 

vulnerability to flooding using an outcomes-based approach (Godschalk 2004). Outcomes are the 

goals that policies seek to achieve, and are measured by indicators, which reflect the results of 

policies and programs (Institute for Sustainable Communities n.d.). For example, the outcome of 

an in-place elevation policy is to reduce the vulnerability of residents to flooding, and progress 

towards this outcome can be assessed by the indicator of how many houses have been raised 

above Base Flood Elevation (BFE). This qualitative approach is broader than a quantitative 

economic approach such as cost-benefit analysis, where the only indicator of effectiveness is 

whether long-term monetary benefits outweigh the costs.  

 

The outcomes-based approach is characterized by tracking losses over time and in relation to 

preparedness initiatives (Ford et al. 2013). As a result, a case study approach was employed to 

assess the effectiveness of the primary strategies implemented by each focal location. For 

example, a case study of the damages caused by flooding before and after a preparedness 

strategy has been implemented can be examined to evaluate the performance of that strategy. 

Similarly, indicators were used to assess whether progress has been made in achieving 

preparedness goals for each focal location. In the case of flooding preparedness programs, it can 

be difficult to directly and accurately measure indicators. However, comparing the changes in 

vulnerability of communities before and after preparedness strategies have been implemented 

can provide useful information about whether strategies have been successful, and why.  

2.3 Flood preparedness initiatives and sea level rise    
Since climate change is predicted to dramatically increase the risk of flooding in most coastal 

NC regions, the second part of this analysis addressed the predicted effectiveness of flood 

preparedness strategies into the future. For this purpose, climate projections and associated sea 

level rise to mid-century (~2045) and end-of-century (~2100) timeframes were investigated. The 

30-year timeframe (2045) was investigated since this is the typical length of a fixed-rate 
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mortgage, and encompasses the lifetime of many infrastructure elements (Landis n.d.). In 

addition, the 30-year timeframe was used in the NC Coastal Resources Commission’s (CRC) 

2015 sea level rise assessment report, and by the Union of Concerned Scientists in their 2014 

report, Encroaching Tides, to investigate the impacts of sea level rise and tidal flooding in the 

near future (Spanger-Siegfried et al. 2014; NCCRC 2015). The end-of-century time frame (2100) 

was included to investigate the effectiveness of flood preparedness projects in the face of 

continuing, long-term climate change. This time frame is regularly used by agencies such as the 

IPCC and the EPA in their projections of future climate change (EPA n.d.; IPCC 2014).  

 

The effect of climate change on sea level rise in 2045 and 2100 was estimated for each focal 

community using data on sea level rise projections from Climate Central’s Surging Seas analysis, 

as well as from the CRC’s 2010 and 2015 sea level rise assessment reports (NCCRC 2010; 

Climate Central n.d.; NCCRC 2015). Then, each flood preparedness project or policy was 

evaluated in light of the projected changes in flooding frequency and severity.  

2.4 Identifying maladaptive policies  
The first and second stages of this analysis addressed whether flood preparedness initiatives have 

been effective in the past, and whether they are expected to be effective in light of continuing 

climate change. In the third stage, the role of maladaptive policies in preventing effective 

adaptation to climate change was examined. Maladaptation occurs when flood preparedness 

initiatives appear beneficial in the short term, but in fact negatively impact systems’ longer term 

ability to adapt to climate change (Magnan 2014). To investigate the presence of maladaptation, 

an analysis of the major flood preparedness strategies was conducted, with the goal of 

highlighting aspects of current regulations and policies that may hinder adaptation to climate 

change, and those which may in fact exacerbate flood risk when climate change is taken into 

account. 

3. Approaches to Flood Preparedness 
Approaches to flood preparedness vary depending on the geography and environment of a 

location, in addition to the demographic, economic and social setting. As a result, locations differ 

in terms of the main flood preparedness initiatives that have been implemented there. The 

following case studies demonstrate the diversity of approaches to flood preparedness in coastal 
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North Carolina, illustrate the evolution of these strategies within communities, and investigate 

effectiveness of flood preparedness strategies in reducing losses from flooding.  

3.1 Case study: Acquisition in Kinston 
The city of Kinston in Lenoir County is located 

along the Neuse River (Fig 2). The majority of 

Kinston lies within the 50-year floodplain, which 

increases the region’s susceptibility to flooding 

(Fig. 3; NCDEM 1999). As of 2011, there were 

four commercial and nine residential repetitive 

loss properties in Kinston, 359 households holding 

flood insurance policies with the National Flood 

Insurance Program (NFIP), and 18 critical 

facilities within the flood hazard area (Lenoir 

County 2011). Kinston entered into FEMA’s 

Community Rating System (CRS) in 1994, which 

gives the community a discount on flood insurance for enacting development standards that go 

above and beyond the minimum requirements of the NFIP (FEMA 2014). Currently, Kinston 

holds a CRS class 5, giving residents a 25% discount on flood insurance, where a class 1 results 

in the highest NFIP discount (40%), and class 10 the lowest (0%; FEMA 2014).  

 

Unsurprisingly, Hurricane Fran had a devastating impact on Kinston when it hit in 1996, 

damaging over 400 homes, along with multiple businesses and public facilities, and caused a 

major sewage treatment plant to fail (NCDEM 1999). In total, the direct losses stemming from 

this flooding were the tens of millions of dollars (NCDEM 1999). In response to Hurricane Fran, 

city officials developed a recovery plan with two major goals: Reduce and eliminate flood 

hazards across the city, and stimulate economic growth by revitalizing the downtown business 

core (NCDEM 2000). Kinston adopted an innovative approach in implementing this plan, by 

addressing their goals in a single comprehensive and ambitious initiative to relocate flood prone 

neighborhoods. Kinston’s voluntary buyout initiative is still one of the largest ever undertaken in 

the USA (NCDEM 2000). To carry out this plan, Kinston received $15 million from FEMA’s 

Pamlico( Sound

Outer( Banks

Kinston

Figure 2. Map of North Carolina coast showing the 
location of Kinston (red dot). (Source: modified from 
NOAA). 
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Hazard Mitigation Grant Program (HMGP), $12 million from Community Development Block 

Grants and the HUD Disaster Recovery Initiative, and $4 million in state funds to acquire 400 

residences, three mobile home parks, and 68 vacant flood prone lots (NCDEM 2000; Fig. 4). 

 

 

Three years later, the effectiveness of Kinston’s unprecedented buyout program was put to the 

test with the arrival of Hurricane Floyd in September 1999. During Floyd, the Neuse River at 

Kinston crested 11 feet above its normal level, three feet higher than during Fran, and equivalent 

to a 100-year flooding event (NCDEM 2000). Again, over 400 houses sustained major damage, 

and losses to businesses were even higher than during Fran (NCDEM 2000). Despite the 

devastation, these back-to-back disasters provided a unique opportunity to assess the 

effectiveness of the flood prevention strategy that had been implemented post Fran. When Floyd 

struck, approximately 100 houses in the acquisition program had been acquired and vacated, and 

an estimated 95 of these would have been damaged by Floyd (NCDEM 2000). Of the 150 homes 

Figure 3. Floodplain map for Kinston. Areas in blue are within 100-year floodplain (1% annual flood 
risk); Areas in yellow are within 500-year floodplain (0.2% annual flood risk); Striped area denotes 
floodway. (Source: FRIS floodplain mapping). 
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yet to be acquired, 99 of them were damaged, and 84 were substantially damaged. As a result, 

the losses avoided from the acquisition that had taken place were estimated to be over $6 million 

(NCDEM 2000). 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

After Hurricane Floyd, city officials further expanded Kinston’s buyout program and prohibited 

new construction or rebuilding of substantially damaged homes in the 100-year floodplain (Fig. 

4; Godschalk 2011). In addition, the city undertook efforts to engage the community and 

stimulate investment in neighborhoods and the city center, which was necessary to ensure the 

success of the voluntary buyout program (McCann 2006). For example, the city initiated a 

program called Call Kinston Home, which incentivized relocation by building affordable homes 

where infrastructure was already in place (McCann 2006). As a result of this program, Kinston 

was able to revitalize existing areas in and around the downtown, and boost the tax base. 

Figure 4. Map of Kinston, showing the location of acquired residences (red dots) within 100-
year floodplain. (Source: McCann 2006). 
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Programs such as Call Kinston Home were successful in incentivizing voluntary involvement in 

the relocation efforts, and resulted in over 97% participation by residents (McCann 2006).  

 

In 2005, Kinston received an additional grant from the Clean Water Management Trust Fund to 

purchase the remaining vacant lots which were not originally acquired (McCann 2006). These 

parcels, along with those previously acquired, have since been reverted to natural floodplains and 

community recreational areas. Although Kinston has not experienced a flooding event 

comparable to those caused by Fran or Floyd since the late 1990s, the buyout program was 

successful at moving the vast majority residents out of the floodplain, greatly reducing the risk of 

future flooding. By integrating relocation incentives with efforts to revitalize the economy, 

Kinston was able to effectively maximize losses avoided, while minimizing social costs 

associated with disrupting the community.   

 

3.2 Case study: Acquisition and elevation in Washington  
The City of Washington is located at the 

point where the Tar River widens and 

becomes the Pamlico River (Fig. 5). 

Washington is the largest city in Beaufort 

County, with a population of around 9,500 

(Holland Consulting Planners 2010). Around 

80% of the city lies within the floodplain, 

and the community is severely impacted by 

flooding as a result (Fig. 6). Currently, 

nearly 1,300 of the city’s 4,400 parcels hold 

flood insurance policies with the NFIP 

(FEMA 2014). Washington participates in 

the CRS, and currently holds a class 7 rating, 

giving residents a 15% discount on flood 

insurance (FEMA 2014).  

 

Pamlico( Sound

Outer( Banks

Washington

Figure 5. Map of North Carolina coast showing the location 
of Washington (red dot). (Source: modified from NOAA). 
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In 1996, Hurricane Fran caused storm surge nearing nine feet in parts of Washington, severely 

damaging many homes and businesses (Holland Consulting Planners 2015). Following this 

disaster, city officials recognized that measures to mitigate future flooding needed to be taken, 

and debated the benefits of elevating homes in place versus acquiring and relocating structures 

outside the floodplain (NCDEM 2000). At this time, the acquisition strategy was not seriously 

considered for the majority of repetitively flooded residences, since this would mean moving a 

large portion of the community outside city limits (NCDEM 2000).  

 

 

Following Fran, the City of Washington received nearly $2 million from FEMA’s Hazard 

Mitigation Grant Program (HMGP) to elevate 60 homes in place and acquire and demolish 14 

additional residences that had been repetitively flooded (FEMA 2015). In-place elevation 

involves raising existing structures such that the lowest inhabited floor is at or above Base Flood 

Elevation (BFE), equivalent to the level of a 100-year flood (NCDEM 2000). In Washington, 

BFE ranges from 9-10 feet in the 100-year floodplain (FRIS n.d.). When Hurricane Floyd struck 

in 1999, 15 houses had been elevated to this level, and 14 acquired and demolished (NCDEM 

2000). Flooding from Floyd reached nine feet in parts of the town, inundating the city with its 

Figure 6. Floodplain map for Washington. Blue areas are within 100-year floodplain (1% annual flood risk); 
Yellow areas are within 500-year floodplain (0.2% annual flood risk). (Source: FRIS floodplain mapping). 
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second 100-year flood in just over three years (NCDEM 2000). Despite its devastation, the 

impact of Floyd provided an opportunity to assess the benefits of the in-place elevation strategy, 

which revealed an estimated $1.5 million in losses avoided (NCDEM 2000).  

 

Overall, Washington officials concluded that elevating houses instead of relocating them had 

been beneficial in that it improved flood-resistance of structures, while allowing neighborhoods 

to remain intact and maintaining the base of taxpayers within city limits (NCDEM 2000). 

Nonetheless, the City of Washington’s Planning Director stated “acquisition is clearly more cost-

effective than elevating. The logistics and manpower that are required [to elevate] is a major 

issue to deal with, particularly when sites are dispersed and skilled labor is limited” (Pp. 57, 

NCDEM 1999). Despite this concern, Washington has not undertaken any large-scale efforts to 

relocate flood-prone structures out of the floodplain. Recently, however, Washington increased 

the stringency of the town’s in-place elevation regulations, adding a 1-foot freeboard to any 

structures developed or re-developed within the 100-year floodplain (City of Washington 2013). 

A 1-foot freeboard requires that structures be elevated an additional foot above BFE, and as a 

result this amendment demonstrates an effort by the city to further increase resilience to future 

flooding.    

3.3 Case study: In-place elevations in 
Belhaven   
The town of Belhaven, on the Pungo River, 

is located almost entirely within the 

floodplain and experiences regular flooding 

as a result (Fig. 7; Fig 8). The town has 239 

repetitive loss properties and 64 severe 

repetitive loss properties, indicating the 

extreme susceptibility of residences to 

flooding (NCHMP 2013). More than half of 

Belhaven’s residences hold flood insurance 

policies with the NFIP, and the town has a 

CRS class of 7, giving residents a 15% 

discount on flood insurance (FEMA 2014). 

Pamlico( Sound

Outer( Banks

Belhaven

Figure 7. Map of North Carolina coast showing the location of 
Belhaven (red dot). (Source: modifed from NOAA). 



 15 

In 1996 Hurricane Bertha caused a storm surge reaching five feet, followed by Hurricane Fran 

two months later, which damaged over 60% of Belhaven’s homes with a storm surge reaching 

seven to nine feet, resulting in over $7 million in damage (NCDEM 1999). Between 1996 and 

1999, the NFIP paid over $5 million to 140 owners of repetitive loss properties as a result of 

these flooding events (NCDEM 1999).  

 

In the face of these flooding incidents, town officials debated whether flood-prone residences 

should be acquired and demolished, or elevated in-place. Given the coastal location and flat 

geography of Belhaven, in order to successfully move buildings out of the floodplain, residents 

at risk would have to relocate at least 10 miles inland, away from the downtown area (NCDEM 

1999). Similar to the case in Washington, officials ultimately concluded that raising existing 

structures would cause less disruption to neighborhoods and the tax base, and initiated a large-

scale in-place elevation project. The purpose of this flood preparedness strategy was to reduce 

future flood losses, while keeping neighborhoods intact (NCDEM 1999).  

 

Figure 8. Floodplain map for Belhaven. Blue area (entire city) is within 100-year floodplain (1% annual 
flood risk). (Source: FRIS floodplain mapping). 
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To implement this flood preparedness strategy, Belhaven secured a $7 million HMGP grant from 

FEMA to elevate 379 structures to BFE, which varies between seven and eight feet in the 100-

year floodplain (FRIS n.d.). The effectiveness of this strategy was tested in 1999 by the arrival of 

Hurricane Floyd, which brought with it floodwaters reaching seen feet (NCDEM 2000). At this 

point, 32 houses had been elevated in Belhaven, all of which would have been inundated with 

floodwater during Floyd if they had not been raised (NCDEM 2000). The losses avoided from 

the in-place elevation of these 32 houses was estimated at $1 million, approximately 20% of 

which is associated with losses avoided due to housing families while damaged property is 

repaired (NCDEM 2000). In addition, payments from the NFIP were reduced 50% when 

compared to hurricane Fran, indicating that the in-place elevation program was effective at 

reducing the vulnerability of repetitively-flooded properties (HCP 2015).  

 

By 2003, approximately 320 residences had been elevated in Belhaven, and the town received an 

additional grant from FEMA following Hurricane Isabel to elevate 26 more residences between 

2005-2007 (Armstrong 2003; Holland Consulting Planners 2010). However, the majority of 

businesses in Belhaven’s downtown area were not included in the elevation projects and so have 

since sustained flood damage (Armstrong 2003). Further, although houses were elevated by 

seven to eight feet according to BFE regulations, flooding events after Floyd have still caused 

structural damage and in some cases nearly inundated elevated structures (Armstrong 2003). 

Despite the risk of 100-year floods, Belhaven’s floodplain development regulations do not 

contain a freeboard requirement, and as such the city may be at risk of future floods that reach 

BFE.   
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3.4 Case study: Land use planning in 
Duck 
Due to its location on the narrow Outer 

Banks that separate Pamlico Sound and the 

open Atlantic Ocean, the entire town of 

Duck is vulnerable to flooding (Fig. 9; Fig. 

10). The major sources of flooding are from 

hurricanes and nor’easters, and flooding is 

exacerbated by severe erosion problems in 

the region. Duck was only recently 

incorporated in 2002, and as a result the 

town has had the opportunity to implement 

smart development practices (Dare County 

Commissioners 2010). Consequently, the 

major flood preparedness strategies 

implemented by the town have taken the form of land use planning.  
 

In 2005 Duck adopted the Coastal Area Management Act (CAMA) Core Land Use Plan, under 

which the town detailed regulations that implement state policies concerning coastal 

development (Community Planning Collaborative, Inc. 2005). The overall objective of these 

policies was to minimize threats to life, property and natural resources that may result from 

development in areas subject to erosion, high winds, storm surge, flooding, or sea level rise, by 

regulating development in floodplains (Community Planning Collaborative, Inc. 2005). An 

additional goal of the Land Use Plan was to protect public facilities and infrastructure from the 

impacts of natural hazards. For example, in the aftermath of a damaging storm, the town may 

implement a moratorium on building permit authorization in order to ensure that building 

proceeds in an effective manner, and to allow post-storm regulatory changes to be implemented 

(Land Use Law Center n.d.) Further, regulations require that structures destroyed by more than 

50% of their replacement cost must be reconstructed to conform with current regulations, even if 

they were up to date when initially built (Land Use Law Center n.d.).  

 

Pamlico( Sound

Outer( Banks

Duck

Figure 9. Map of North Carolina coast showing the location 
of Duck (red dot). (Source: modified from NOAA). 
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Although Duck is fortunate in that it has only seen significant development in the past 20 years, 

the town has not been actively dis-incentivizing development in the floodplain. The town 

recognized the danger of ongoing floodplain development in their 2010 Hazard Mitigation Plan, 

but as of the 2014 update to this plan no progress had been made on how to combat this trend 

(Dare County Commissioners 2010; Town of Duck 2014). However, in 2011 the town took a 

step towards increasing the stringency of floodplain development regulations by entering into 

FEMA’s CRS, and currently holds a class 7 rating (Tate n.d.).  

   

While Duck has been actively monitoring and tracking erosion on oceanfront areas, a recent 

study suggests that if no action is taken to address erosion and dune migration, the town could 

face nearly $44 million in damages before 2040 (Coastal Planning & Engineering of NC, Inc. 

2013). Between 2007 and 2010, the town experienced an increase in coastal erosion and 

associated impacts, including the loss of dunes and damage to structures (Dare County 

Figure 10. Floodplain map for Duck, showing location of 100-year floodplain in blue (1% 
annual flood risk) and 500-year floodplain in yellow (0.2% annual flood risk.) (Source: FRIS) 
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Commissioners 2010). In 2009, almost 1,500 structures within Duck and 64% of total land area 

were at risk of inundation from slow moving category 1 through 5 hurricanes (Dare County 

Commissioners 2010). Further, three public facilities are located within the Special Hazard Flood 

Area (SHFA) and at risk of flooding, and one of these, the US Army Corps of Engineers 

Research Pier, is continually impacted by erosion (Dare County Commissioners 2010). Duck has 

recently begun considering alternative solutions to combating flooding and erosion issues, 

including dune and beach restoration and offshore dredging (Coastal Planning & Engineering of 

NC, Inc. 2013). However, development that is ongoing within the floodplain may amplify the 

issues caused by flooding and erosion unless it is addressed.  

 

 

3.5 Case study: Living shorelines in Dare County 
Along the Outer Banks in Dare County, 

organizations such as the North Carolina 

Coastal Federation are working to implement 

large-scale living shoreline projects (Fig. 11; 

NC Coastal Federation n.d.). Living 

shorelines are a shoreline stabilization 

approach characterized by the utilization of 

natural structural and organic materials, 

including wetland plants and aquatic 

vegetation, oyster reefs, stone and sand fill 

(NOAAa n.d.; Fig. 12). The goals of this 

environment-based approach to flood 

preparedness are multifold: living shorelines 

are intended to provide erosion control, aid in 

shoreline stabilization, create habitat, and 

buffer against flooding impacts (Currin et al. 

2010). Further, living shorelines are designed to allow the water level to rise; as long as inland 

movement of the upper edge of the marsh is not impeded by roads or development, the marsh 

will continue to grow upward (Gedan et al. 2011).  

Pamlico( Sound

Outer( Banks

Dare%County

Figure 11. Map of North Carolina coast, showing location of 
Dare County (area shaded in red). (Source: modified from 
NOAA). 
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Living shorelines are preferable to bulkheads and other armoring approaches because they avoid 

“hardening” the shoreline. Since hardened shorelines do not absorb the energy from waves and 

storm surge, these structures can exacerbate erosion by reflecting wave energy back along the 

shore (Currin et al. 2010). In contrast, living shorelines absorb wave energy and water, 

preventing erosion and buffering against flooding (NC Coastal Federation n.d.). Further, the 

vertical structure of bulkheads in the water column does not create habitat for estuarine animals, 

while the sloping structure and complex microenvironments provided by living shorelines 

facilitate other biota (NC Coastal Federation n.d.). For these reasons, in 2002 the NC Division of 

Coastal Management’s Estuarine Biological and Physical Processes Work Group recommended 

that bulkheads should only ever be employed as a last resort for shoreline stabilization where 

living shoreline stabilization is possible (Currin et al. 2010).  

 

Although living shorelines have not yet been widely implemented along the Outer Banks, the 

effectiveness of this flood preparedness strategy has already been tested. For example, a living 

shoreline project on the campus of NOAA’s Center for Coastal Fisheries and Habitat Research 

survived a direct hit from Hurricane Irene in 2011, accruing sediment and preventing further 

erosion, while bulkheads in the same region failed (Currin n.d.). In general, studies suggest that 

salt marshes and living shorelines are much better at withstanding the impacts of hurricanes and 

Figure 12. Cross section of a typical living shoreline. MHW = mean high water; MLW = mean low water. (Source: 
Currin et al. 2010). 
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reducing floodwater volume than hardened structures such as seawalls and bulkheads, and that 

these ecosystems can fully recover from storm impacts in as little as a year (Gittman et al. 2014).  

 

4. Effectiveness of Preparedness Strategies  

4.1 Acquisition and relocation 
Acquiring and relocating at-risk structures out of the floodplain is the only guaranteed method of 

avoiding future flooding. Although the immediate costs of this strategy are high, the long-term 

benefits almost always outweigh these initial costs. For example, while Kinston’s acquisition 

project ultimately cost over $30 million from various funding sources, the losses avoided during 

a single major storm (Hurricane Floyd) amounted to 20% of this initial cost (NCDEM 2000). 

The large-scale acquisition project undertaken by Kinston demonstrated that acting quickly and 

efficiently to relocate residents out of the floodplain, while promoting investment in the local 

economy, allowed disrupted communities to successfully rebuild. As a result, the strategy 

employed by Kinston was highly effective at reducing flood risk, and the outcomes of this flood 

preparedness policy were met.    

 

Acquisition initiatives are not as successful in jurisdictions that fail to implement multifaceted 

programs that not only remove residents from high-risk areas, but also promote the rebuilding of 

communities. For example, acquisition projects were considered in both Washington and 

Belhaven, but were ultimately dismissed as unviable because of their potential to disrupt the 

community and disperse the tax base. Despite this negative aspect of acquisition, town officials 

still recognized acquisition as the most cost-effective approach to flood preparedness in these 

cities. If acquisition projects in Washington and Belhaven had been integrated with initiatives to 

reconnect communities and revitalize the business center outside the floodplain, this strategy 

may have gained more traction and proved successful as a result.  

 

The case studies from Kinston, Washington and Belhaven raise interesting questions about the 

factors limiting acquisition and relocation as an approach to flood preparedness. The ambitious 

project implemented in Kinston suggests that the costs of acquisition, including the social and 

economic costs of disrupting the community, might only be outweighed by the benefits because 

of the high level of participation and the speed with which residents were relocated outside of the 
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flood-prone area. If, for example, the city had not been successful at persuading 97% of eligible 

residents into the acquisition program, Kinston would not have been as successful at rebuilding 

the community outside the floodplain. Instead, communities may have become disjointed, with 

some remaining at risk within the floodplain, and other attempting to rebuild neighborhoods 

elsewhere. As a result, this case study emphasizes the importance of accumulating support from 

the community for the success of acquisition projects.  

 

Further, the failure of acquisition to gain support in Belhaven in Washington points to the 

shortcomings of this approach. In these cities, which are located in low-lying, flat regions, 

acquisition and relocation would entail moving the entire town up to 10 miles inland. Relocating 

an entire city and its business core would require nearly 100% voluntary participation by 

residents, and the costs of this initiative would be immense: the cost to relocate a single 

residence can exceed $100,000, depending on the market value of the structure (FEMA 2005). 

Nonetheless, if the risk and frequency of flooding increases, retreat from the shoreline may be 

the only viable option for these cities (Sanchirico n.d.).  

4.2 In-place elevation 
Unlike acquisition and relocation, in-place elevation allows neighborhoods to remain intact. In 

addition, the monetary cost of in-place elevation is lower than the acquisition strategy, at about 

$30,000 for a medium-sized brick or concrete slab structure (FEMA 2005). However, this 

approach to flood preparedness it not as effective unless it is conducted in large scale efforts that 

include both residences and business. For example, businesses were not prioritized in the first 

stage of in-place elevations in Belhaven, and these structures have been damaged in subsequent 

floods as a result (Armstrong 2003; Jewell 2015). Further the effectiveness of in-place elevation 

as a flood preparedness strategy is contingent on the ambitiousness of the elevation efforts. 

Although regulations in Belhaven require structures to be elevated to BFE, this requirement only 

protects against 100-year flooding events, and may not be stringent enough in the face of 

changing flood risk on the North Carolina coast (see section 5).  

 

Given the unpredictable and devastating nature of flooding events in Belhaven and Washington, 

in-place elevations would be more effective and reliable if the regulatory standards were more 

ambitious, for example based off a 500-year flooding event. While Washington has taken a step 
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in strengthening their regulations by requiring a one-foot freeboard for elevated structures, 

Belhaven does not have a similar regulation (City of Washington 2013). Further, anecdotal 

evidence in Belhaven suggests that despite elevating to BFE, floods have come close to 

inundating residences, suggesting that this level may not be ambitious enough to protect against 

future flooding (Armstrong 2003).  

 

In-place elevation as a flood preparedness strategy may also be limited if there is an upper 

boundary on how high residences can be raised. For example, BFE in the 100-year floodplain in 

Washington ranges from nine to ten feet, meaning that structures are elevated to a level of 10-11 

feet when the 1-foot freeboard is taken into account (FRIS n.d.; City of Washington 2013). A 

500-year flood event in this region could reach 20-40 feet, which may be an unfeasible height for 

elevating structures (Walbert n.d.). If elevation as an approach to flood preparedness is intended 

to be effective in the long term, regions must decide how high to raise structures, and what sort 

of future flooding to prepare for. Given that flood risk is amplified with increasing sea level, as 

discussed in section 5, changes in future flood probability and severity are especially important 

to consider when developing regulations for in-place elevations.  

4.3 Land use planning and shoreline stabilization  
The effectiveness of flood preparedness approaches that address land use planning and shoreline 

stabilization vary depending on the ambitiousness of the regulations, and how well they are 

tailored to local environmental conditions. In Duck, town officials have taken a multifaceted 

approach to land use planning, including adopting revised flood insurance rate maps, a new 

Flood Damage Prevention Ordinance, participation in CAMA Land Use Planning, enforcement 

of NC State building codes, and enrollment in FEMA’s Community Rating System (CRS; Dare 

County Commissioners 2010).  

 

Although this integrated approach focuses on managing development in flood-prone areas and 

minimizing damage from flooding events, land use planning policies in Duck are limited in that 

they only look 10 to 20 years into the future (Community Planning Collaborative, Inc. 2005).  

There are two main flaws associated with this 10- to 20-year horizon. First, the region has not yet 

developed tools that effectively and accurately measure shoreline dynamics, erosion patterns, 

and changing flood threats that are required to be able to predict environmental conditions 10 to 
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20 years away. Further, the 10- to 20-year horizon may ignore long term dynamics that govern 

shoreline processes of the barrier island system, and does not account for changes in future flood 

risk due to sea level rise and other climate-change induced threats. The major benefits of this 

approach, however, stem from the fact that regulations are applied to all new or re-developed 

structures. The fairly recent timeline of development in this region provides an opportunity to 

implement development regulations that are stringent and forward-looking enough to protect 

against future flooding.  

 

In greater Dare County, the use of living shorelines to stabilize the estuarine shore and reduce 

erosion may be more forward thinking than land use planning in Duck. Unlike land use planning 

in Duck, building living shorelines is a long-term approach to re-stabilizing the shoreline and 

adapting to changing flood threats. However, this strategy is limited in that it its benefits may not 

be immediate enough or large-scale enough to negate current flood risk. Further, while living 

shorelines may withstand coastal storms and reduce erosion from wave action more effectively 

than hardened structures (e.g. during Hurricane Irene), the ability of this strategy to provide 

effective flood protection has not yet been demonstrated in this region. Nonetheless, the potential 

for wetlands and other living shorelines to reduce wave height and speed, along with their ability 

to absorb floodwater, has been exhibited elsewhere (e.g. see Borsje et al. 2011; Möller et al. 

2014). For example, a 2014 report from The National Wildlife Federation and Earth Economics 

suggests that freshwater wetlands in New Jersey have resulted in $3 billion annual losses avoided 

from flooding, and every dollar invested in vegetative shoreline stabilization in the Chesapeake 

Bay returns $1.75 in benefits, demonstrating that living shorelines may be an effective long-term 

approach to flood preparedness (Glick et al. 2014).  

 

Flooding damage on the Outer Banks results from people living in an environment that is 

naturally prone to flooding, erosion, and movement of the shoreline. Since human disturbances 

including development can exacerbate these events, approaches that emphasize land use planning 

should be carried out in tandem with policies that decrease anthropogenic disturbance. As a 

result, regulations that address development in flood-prone or environmentally sensitive areas 

should ultimately serve to dis-incentivize habitation of these areas.   
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Table 1. Summary of outcomes-based analysis for major flood preparedness strategies in select North Carolina communities  

Strategy Community  Outcome Indicator  Outcome 
met? 

Acquisition and 
relocation  Kinston 

Remove residences from 
floodplain 
 
Reduce flood losses 

400 houses relocated out of floodplain  
 
 
$6 million losses avoided following Hurricane Floyd  

Yes 
 
 
Yes  

Acquisition and 
relocation Washington 

 
Remove at-risk structures from 
floodplain 
 

 
14 houses in floodplain demolished  

 
Yes 

In-place elevation  Washington 
 
Reduce future flood losses 

 
$1.5 million losses avoided following Hurricane Floyd 
 

 
Yes  

In-place elevation Belhaven 

 
 
Reduce future flood losses 
 

 
$1 million losses avoided following Hurricane Floyd; 
50% decrease in NFIP payouts for repetitively flooded 
houses following Floyd  
 

 
Yes 

Land use planning  
 Duck 

 
Minimize threats from erosion 
and flooding 
 
 
Protect public infrastructure and 
facilities from natural hazards  

 
Increase in coastal erosion; 1,500 structures and 64% 
land area at risk of inundation in slow moving storm  
 
 
Three public facilities within SHFA; Increased 
erosion at US ACE Research Pier   
 

 
No 
 
 
 
No 

Shoreline 
stabilization Dare County 

 
Erosion control 
 
 
Flood protection 

 
Following Hurricane Irene, living shoreline retained 
sediment where bulkhead failed  
 
Not yet demonstrated 

 
Yes  
 
 
N/A 
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5. Analysis of Sea Level Rise Impacts       
 

The North Carolina coast is expected to be one of the regions most severely impacted by sea 

level rise caused by climate change over the next century (NCCRC 2010). The rate of sea level 

rise in NC is more than twice the global average of 1.7mm/year, which is attributed to land 

subsidence and other unique oceanographic factors influencing this region (NCCRC 2015). In 

2010, the science panel of the Coastal Resources Commission predicted that the NC coast could 

see an average sea level rise nearing 39 inches by 2100, based on models developed in IPCC’s 

2007 analysis (IPCC 2007; NCCRC 2010). This degree of sea level rise would cause 

unprecedented damage to the NC coast. For example, over 2000 square miles (1.3 million acres) 

of land lie within four feet of the high tide line, including 61,000 residences totaling almost $8.8 

billion in property value (Strauss et al. 2014). In addition, 2500 miles of road lie below four feet, 

along with 15 schools, 108 places of worship, and 131 EPA-listed hazardous waste dump sites 

and sewage plants (Strauss et al. 2014). A further 2 million acres, containing structures worth 

$20.8 billion, lie at or below eight feet above the high tide line (Strauss et al. 2014).  

 

While the science behind predicting sea level rise is complex, coastal erosion, loss of marshes, 

and increasing development are expected to exacerbate future flooding (Strauss et al. 2014). In 

addition, when continually increasing greenhouse gas emissions are taken into account, the 

projected rate of sea level rise accelerates (IPCC 2007; NCCRC 2015). Sea level rise is not 

expected to be uniform across coastal NC, however, due to differences in oceanographic and 

topographic factors within the coastal region. For example, Vertical Land Motion (VLM), which 

consists of subsidence and uplift caused by changes in underlying bedrock, differs across the NC 

coastal plain (NCCRC 2015; Fig. 13). Further, Glacial Isostatic Adjustment (GIA), which causes 

land to rebound following retreat of glacial ice sheets, has a varied influence on VLM across 

coastal NC (NCCRC 2015). Finally, extraction of fluids from the coastal substrate, including 

water and fossil fuels, is known to cause regionalized subsidence in coastal areas. While there is 

no evidence that this phenomenon currently affects VLM in NC, the region has a number of 

areas where extensive fresh-water aquifer pumping occurs, which could increase subsidence in 

the future (NCCRC 2015).  
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In addition to its influence on sea level, climate change is also expected to worsen the frequency 

of severe coastal storms including hurricanes, and will likely cause changes in coastal 

precipitation that may exacerbate future flooding (Walsh et al. 2014). There is no doubt that 

climate change will alter the costs and benefits of living on the NC coast, and these changes will 

be variable and difficult to predict. As a result, assessing the performance of current flood 

preparedness strategies in light of these potential changes is an important step in improving 

coastal resilience and minimizing future damage.  

 

5.1 Sea level rise in 2045 

Inner estuarine hinge zone 
Kinston and Washington lie within the Inner Estuarine Hinge geological zone, a region where 

the upper coastal plain transitions into the lower coastal plain to the east (Fig. 13). While the 

upper coastal plain consists of stable bedrock, the lower coastal plain is subsiding and as a result, 

Figure 13. Diagram of geological zones in Coastal North Carolina. (Source: Adapted from 
NCCRC 2015) 
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some subsidence is expected in this zone (0-1mm/year; NCCRC 2015). Kinston lies further 

inland than Washington, and as a result is more vulnerable to storm-related flooding than to sea 

level rise and coastal flooding. Washington, on the other hand, will likely be affected by sea 

level rise, since the water level in the Pamlico River is directly influenced by the water level in 

Pamlico Sound (OuterBanks.com).  

 

A study by Climate Central based on sea level rise models from IPCC (2014), NOAA (Parris 

2012) and the US Army Corps of Engineers (2011) suggests that sea level rise along the NC 

coast could turn a 1% annual flood (100-year flood) into a 10% annual flood before mid-century 

(Strauss et al. 2014). In Washington, this increased flood risk suggests that current elevation 

standards, which require structures to be elevated to 100-year flood levels, could be ineffective at 

preventing flooding as soon as 2045. Further, floods exceeding today’s records along the NC 

coast may occur with at least annual frequency within 50-70 years (Strauss et al. 2014). Using a 

sea level rise model based on the highest greenhouse gas emissions scenario, this risk occurs 10-

20 years earlier (Strauss et al. 2014).  

 

Although Kinston is not as vulnerable to sea level rise due to its location further inland, this 

community could be impacted by increasing frequency and severity of storms, including 

hurricanes, as climate changes (Walsh et al. 2014). Hurricane activity in the Atlantic has 

increased since the early 1980s, as has the duration, intensity, and number of Category 4 and 5 

storms (Walsh et al. 2014). However, changes in hurricane and storm intensity are difficult to 

predict, since these storms are influenced by an array of factors, including sea surface 

temperature, regionalized geography, and atmospheric chemistry (Walsh et al. 2014). Although 

Kinston could experience more frequent and intense storms in the near future, the steps that the 

community has taken to reduce its vulnerability to flooding are likely to remain effective. For 

example, Kinston’s relocation strategy provided co-benefits to the community, by moving flood-

prone structures out of the floodplain while reverting the floodplain to its natural state. 

Preventing development in the floodplain greatly reduces the community’s risk of flooding 

damage, and maintaining the floodplain in its natural state allows this feature to absorb 

floodwaters and dissipate associated wave energy. As a result, as long as Kinston maintains these 
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regulations, and updates them as necessary, the community will likely be protected from future 

flooding.  

Albemarle embayment zone 
Belhaven, Duck, and the northern Outer Banks are situated within the Albemarle Embayment 

geological zone (NCCRC 2015; Fig. 13). This region is characterized by very low land 

topography, and a high rate of subsidence (>1mm/year; NCCRC 2015). For example, based on 

measurements between 1978 and 2013, VLM in this region was -1.49 +/- 0.39mm per year, a 

value that could increase with ongoing fluid extraction (NCCRC 2015). Due to subsidence 

combined with other oceanographic effects in this region, communities in the Albemarle 

Embayment zone are especially susceptible to increased flood risk from sea level rise.    

 

A tidal gauge at Duck shows that sea level rose at a rate of 0.18 inches per year between 1977-

2013, which translates into a sea level rise of 4-6 inches by 2045 based on a linear projection 

(NCCRC 2015). Under the lowest greenhouse gas emissions scenario (RCP 2.6; ICPP 2014), sea 

level is estimated to rise 4.8-9.4 inches by 2045, and under the highest emissions scenario (RCP 

8.5; ICPP 2014), this level could reach 5.5-10.6 inches (NCCRC 2015). A tidal south of Duck 

along the Outer Banks suggests a similar trend: sea level has risen at a rate of 0.15 inches per 

year for the past 30 years, and could reach a level of 4.7-10 inches under the highest emissions 

scenario by 2045 (NCCRC 2015).  

 

Belhaven and Duck are both low-lying communities that will be affected by even small changes 

in sea level or increases in flood risk. The fact that current 100-year floods could occur with a 

10% annual chance by 2045 will likely have devastating impacts on both these towns (Strauss et 

al. 2014). In Belhaven, the in-place elevation strategy was designed to decrease the risk of 

flooding in the community over the long term. However, although structures were raised to BFE 

to protect against 100-year floods, flood risk could increase ten-fold by mid-century, greatly 

reducing the effectiveness of this flood preparedness strategy. Similarly, Duck’s newly adopted 

land use plan requires that structures in the 100-year floodplain be elevated to BFE (Community 

Planning Collaborative, Inc. 2005). While this strategy protects against current floods, sea level 

rise will likely expand the extent of the 100-year floodplain by 2045, and will cause current 100-

year floods to increase in frequency.  
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An additional land use regulation aimed at reducing vulnerability to flooding is Duck’s setback 

regulation, which requires structures to be positioned far enough from the shorefront that erosion 

and flooding will not impact them (NCDEQ 2014). Setback requirements are calculated based on 

historic erosion rates, which in Duck equal about two feet of erosion per year (NCDEQ 2014). 

As a result, an average-sized residential structure in this region must be set back 120 feet from 

the first stable line of vegetation on the oceanfront side (NCDEQ 2014). However, continuing 

development in this region prevents natural “rollover” of the barrier islands from occurring, 

which can exacerbate erosion (Mignoni 2014). In the absence of development, the Outer Banks 

would naturally migrate westward over the course of centuries as the oceanfront side erodes and 

sediment builds up on the estuarine side (Mignoni 2014). Development on the Outer Banks 

prevents this migration, resulting in exacerbated erosion on the oceanfront side of the islands, 

and little to no sediment accumulation on the estuarine front (Mignoni 2014). As a result, erosion 

of the Outer Banks will likely increase as development continues, exacerbating flood risk 

associated with sea level rise. These effects may combine to render current setback standards 

ineffective by mid-century, based on historic erosion rates (NCDEQ 2014). 

 

The living shorelines approach, which is gaining popularity in many coastal communities, may 

provide a natural solution to combatting the dual threats of erosion and flooding on the Outer 

Banks. Living shorelines allow natural coastal processes to occur by allowing sediment and 

organics to move in and out of coastal marshes (Galveston Bay Foundation 2011). In addition, 

these features absorb wave energy and water, buffering against the impacts of flooding 

(Galveston Bay Foundation 2011). As a result, living shorelines on the Outer Banks will serve to 

facilitate sedimentation of the estuarine coastline, if they are allowed to establish. Whether this 

approach will be effective enough to keep up with sea level rise by 2045 depends on the extent 

and speed of living shoreline development in Dare County. A current living shoreline project in 

Delaware is expected to return over $100,000 in ecological and shoreline protection benefits to 

the coastal region within the next 30 years, demonstrating that effectively implemented projects 

can have substantial benefits in the near future (Murray 2015). However, marshes take time to 

establish, owing to the fact that sediment needs to fill in and plants need to grow in order to hold 

the shoreline in place (Galveston Bay Foundation 2011). In NC, it is unlikely that a large enough 

extent of Dare County’s estuarine shoreline will be converted to living shorelines by 2045 to 
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provide substantial flood control unless the permitting process involved in building living 

shorelines is streamlined in the near future (See section 6; Currin et al. 2010).  

5.2 Sea level rise in 2100 

When changes in sea level are projected to the end of the century (2100), global impacts of 

melting sea ice and thermal expansion are likely to overwhelm local differences in 

oceanographic effects (NCCRC 2100). As a result, the accuracy of predicting sea level rise in 

specific locations along the North Carolina coast is greatly diminished. However, sea level data 

from the Duck tidal gauge provides useful information about the general scope and timeline of 

sea level changes expected along the northern NC coast. Data from this gauge suggest that sea 

level will rise a minimum of 0.4m (15 inches) by 2100 based off a linear projection of sea level 

changes with no acceleration due to climate change (NCCRC 2010). When minimum greenhouse 

gas emissions are taken into account, this level increases to 1m (39 inches), and when maximum 

emissions are considered, sea level rise reaches 1.4m (55 inches) by 2100 (NCCRC 2010; Fig. 

14).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14. Sea level projections based off data from a tidal gague in Duck, NC. Green line represents 
linear sea level rise based on historical rate with no acceleration. Blue line represents acceleration due to 
minimim greenhouse gas emissions scenario. Red line represents acceleration due to maximum 
greenhouse gas emissions scenario. (Source: Modified from NCCRC 2010).  
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In Washington and Belhaven, where in-place elevations to BFE are meant to protect against 

future flooding, residential structures may be at risk of extreme flooding on an annual basis if 

regulations are not amended to account for accelerated sea level rise. In particular, the entire 

town of Belhaven is located at or below three feet elevation, and as a result this community will 

be constantly inundated by 2100 under a sea level rise projection that takes into account 

continuing greenhouse gas emissions (Fig. 15). Even under a linear sea level rise projection, 

parts of Belhaven will experience constant flooding by the end of the century (Fig. 15). While 

Washington is less dramatically affected by sea level rise due to its higher elevation, the city will 

experience a marked increase in flooding by 2100 if sea level rises by over four feet as predicted 

(Fig. 16). Further, the accelerated rate of sea level rise in coastal NC suggests that current 100  

year flooding events could become annual events as early as 2070, under a high emissions 

scenario (Strauss et al. 2014).   

 

Similarly, in Duck, the magnitude of sea level rise expected by 2100 will overwhelm any current 

land use planning regulations in place to protect against flooding. Current regulations plan for a 

100-year flooding event, which may occur on an annual basis by 2070-2080 when sea level rise 

is taken into account (Strauss et al. 2014). While the land use planning regulations developed by 

Duck under CAMA look 10 to 20 years into the future, this is an inadequate timeline for 

anticipating the effects of long-term climate change (See section 6; Community Planning 

Collaborative Inc. 2005). Moreover, the risk of a current 100-year flood may double by 2025-

2035, demonstrating that changes associated with sea level rise are predicted to occur quickly, 

and accelerate over time (Climate Central n.d.).  

 

 

 

 

 

 

 

 

 
Figure 15. Model of Belhaven, NC, demonstrating the impact of (A) 1 foot of sea level rise and 
(B) 4 feet of sea level rise. (Source: NOAAb n.d.) 
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As a result, land use planning regulations in Duck should be amended to extended the timeframe 

over which regulations are considered, to prepare for long-term, worst-case sea level rise 

scenarios. In a sensitive natural environment such as the Outer Banks, continuing habitation and 

ongoing development will only be successful if long-term planning that considers erosion, 

shoreline movement, and sea level rise, is employed. Although sea level rise projections to the 

end of the century are not exact, they provide an indication of the potential increases in sea level 

rise that are likely in this region, and the impact of associated flooding. In coastal NC, long-term 

planning that accounts for worst-case scenarios with respect to sea level rise are likely to be the 

most successful at buffering against its impacts.  

 

Because of their ability to facilitate shoreline changes, living shorelines are likely to be more 

effective at preventing erosion and flooding-related problems over the long term, when 

compared to development-focused land use planning. Over the course of the coming century, if 

implemented widely enough, living shorelines could have substantial benefits stemming from 

flood protection and their ability to buffer against other climate change impacts. For example, 

living shorelines provide benefits for both climate adaptation and mitigation over the long term, 

as these features can increase coastal resilience through their ability to absorb floodwater, and 

also sequester carbon, which aids in mitigation (Davis et al. 2015). If living shorelines are 

implemented on a large enough scale, these features would be well established by 2100, and 

would serve to stabilize the estuarine shoreline of the Outer Banks, as well as absorb 

floodwaters, dissipate wave energy, and store carbon.

Figure 16. Model of Washington, NC, demonstrating impact of (A) 1 foot of sea level rise and (B) 4 feet of 
sea level rise.  ( Source: NOAAb n.d.) 
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Table 2. Summary of performance of flood preparedness initiatives in 2045 and 2100, based on projections of sea level rise in coastal 
North Carolina.   

Strategy Description Effective 
in 2045? Explanation Effective 

in 2100? Explanation 

Acquisition and 
relocation 
(Kinston) 

Houses relocated inland, 
floodplain returned to 
natural state, floodplain 
development prohibited 
 

Yes No inland flooding expected 
from sea level rise 

Yes No inland flooding expected from sea 
level rise; expanded flooding protects 
against increases in frequency and 
intensity of extreme storms and 
hurricanes  
 

In-place 
elevation 
(Washington) 

Houses elevated to BFE 
(1% annual flood) + 1 
foot freeboard  
 

No  1% annual flood may become 
10% annual flood by 2045  

No 1% annual chance flood becomes 
annual flood by 2070-2080; 
floodplain expanded due to sea level 
rise 
 

In-place 
elevation 
(Belhaven) 

Houses elevated to BFE 
(1% annual flood)  

No 1% annual flood may become 
10% annual flood by 2045 

No 1% annual chance flood becomes 
annual flood by 2070-2080; entire 
city continually inundated due to 3-4 
feet of sea level rise  
 

Land use 
planning (Duck) 

Avg. residential building 
setback is 120 feet from 
first stable line of 
vegetation 
 
Building regulations 
designed to protect 
against 1% annual flood 
 

Yes 
 
 
 
 
 
No 

Erosion occurs at rate of 2 
feet/year 
 
 
 
 
1% annual flood may become 
10% annual flood by 2045 

No 
 
 
 
 
No 

Long term erosion and sea level rise 
render setbacks ineffective; land use 
planning only looks 10-20 years into 
future   
 
1% annual flood becomes annual 
flood by 2070-2080; floodplain 
expanded due to sea level rise   

Living 
shorelines 
(Outer Banks) 

Reduce hardened 
structures on shoreline, 
replace with living 
shorelines 

No Difficulty of obtaining permits 
and time needed for marshes 
to establish and stabilize 
shoreline 

Yes Salt marshes migrate with sea level 
rise, accrete sediment on estuarine 
side of Outer Banks, absorb wave 
energy and flood water   
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6. Analysis of Maladaptive Policies   
 

Flood preparedness strategies differ in their ability to protect against current flooding threats, and 

in terms of their expected effectiveness in the future. Importantly, if flood preparedness 

strategies do not look far ahead into the future, or if they fail to take into account the increasing 

risk associated with climate change, they will become ineffective as sea level rises. However, an 

additional problem arises when current policies and programs actually exacerbate the risk 

associated with climate change and sea level rise. Initiatives are maladaptive if they are designed 

or implemented such that they increase future vulnerability to flooding, even if they seem 

beneficial in the short term (Macintosh 2012). As a result, identifying activities and 

institutionalized behaviors that are maladaptive in light of continuing climate change is a critical 

step in assessing the effectiveness of local-level flood preparedness initiatives.  

6.1 Facilitating floodplain development  
Policies and programs that facilitate floodplain development are at risk of exacerbating the 

flooding risks associated with sea level rise. These programs can work against resilience-

building by increasing development in high risk areas, sending incorrect risk signals to residents, 

and reducing incentives to adapt (Barnett 2011). While regulating floodplain development is 

necessary, land use plans should ultimately serve to dis-incentivize development in flood-prone 

areas. Continued development in floodplains can disrupt the natural ability of floodplains to 

dissipate floodwater and wave energy, increase erosion, and disturb natural ecosystems that help 

stabilize shorelines and floodways. In addition, facilitating habitation of these high risk areas can 

lead to a skewed assessment of risk by residents.  

    

In Duck, land use planning and activities that facilitate floodplain development are likely to 

impede the natural long-term movement of the shoreline, exacerbate erosion, and disrupt 

ecosystems that aid in flood prevention. For example, the town has conducted a number of beach 

nourishment projects in an effort to halt retreating shorelines and save coastal structures, and 

these projects are likely to increase in frequency in the future as erosion accelerates (Coastal 

Planning & Engineering of NC, Inc. 2013). Beach nourishment consists of mechanically adding 

sand onto an eroding area to reform the shoreline, and may negatively affect coastal habitats and 

in fact exacerbate flooding and erosion issues (Greene 2002). For example, on the Barrier 
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Islands, nourishment creates a steeper beach profile which can increase erosion by creating 

greater wave energy impacting the shoreline (Greene 2002). Further, this approach to flood 

preparedness can be maladaptive if it takes away from alternative management options, such as 

retreat from the shoreline, by encouraging development in erosion-prone areas (Sanchirico n.d.). 

In general, beach nourishment is not a permanent solution to combatting erosion, and may not be 

cost-effective on shorelines that experience high erosion. One analysis suggests that the cost to 

the state of North Carolina to conduct these projects could increase to $200 million by mid-

century, and $2 billion by 2100 depending on the severity of sea level rise (Leatherman 1989). 

Due to the costs associated with this approach, its negative impacts on the coastal environment, 

its potential to exacerbate erosion, and its role in facilitating further development, beach 

nourishment programs are a maladaptive approach to land use planning.  

 

Land use planning can also work against preparedness if it alters the behavior of residents such 

that they believe living in these areas is risk free. For example, in Belhaven and Washington, 

policies to elevate and retrofit structures to withstand 100-year flood levels do not account for 

increasing risk associated with sea level rise and climate change. As a result, these regulations 

may incorrectly lead residents to believe that they are protected from a flooding event for a least 

100 years. Instead, land use regulations should be structured such that they dis-incentivize 

floodplain development, especially in regions such as the Outer Banks, where erosion and 

shoreline movement amplify flood risk.  

 

Although Duck’s Hazard Mitigation Plan acknowledges the need for the town to limit 

expenditures for roads and other infrastructure in high-risk areas to discourage development, 

land use planning in this region has not followed suit (Dare County Commissioners 2010). For 

example, the continued rebuilding and expansion of the NC-12 highway, along with 

development of the Mid-Currituck Bridge near Duck, may send incorrect risk signals to residents 

and promote development in floodprone areas along the Outer Banks (Walker 2015). Although 

investments in transportation infrastructure in Dare County may benefit coastal residents in the 

short-term, these investments incentivize movement of individuals to these areas and encourage 

development in previously uninhabitable regions (Keeler 2012). These land use programs 
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exemplify how well-meaning policies may exacerbate the risk of flooding damage because they 

facilitate maladaptive behavior.   

6.2 Short-term planning  
Planning can be maladaptive if policies are shortsighted and thus fail to account for long-term 

changes to the environment, such as those imposed by sea level rise (Macintosh 2012). Further, 

short-term policies are often at risk of inhibiting the success of beneficial, longer-term policies. 

For example, along the Outer Banks in Dare County, policies that promote the building of 

hardened shoreline structures such as bulkheads over living shorelines are maladaptive, since 

they do not account for the long-term benefits of living shorelines. Although bulkheads may 

provide short-term benefits by reducing erosion and blocking wave action, in the long-term these 

structures negatively impact coastal habitats, accelerate erosion, and may destroy beneficial 

fringe marshes (Currin et al. 2010). Further, the presence of bulkheads may impede the ability of 

marshes and wetlands plants to migrate shoreward when sea level rises, causing them to drown 

(Currin et al. 2010).  

 

Despite the fact that the Division of Coastal Management has advocated for the use of living 

shorelines over hardened structures since 2000, between 2000-2010 only 28 living shoreline 

projects had been implemented on the Outer Banks, consisting of 1.5 miles of shoreline, while 

approximately 167 bulkheads were permitted over the same period (Currin et al. 2010). 

Currently, permitting for bulkheads is much more simple than for living shorelines. A bulkhead 

permit can be obtained in under two days, while a permit for installing a living shoreline requires 

onsite review by state agencies, has numerous site-specific conditions, and often takes more than 

30 days (Currin et al. 2010).  

 

The policies limiting living shoreline installation are maladaptive due to the fact that they 

facilitate hardened shoreline structures. As a result, it is not likely that living shorelines will 

proliferate as a shoreline stabilization technique until the time and difficulty of obtaining a 

permit are greatly reduced. In Maryland and Delaware, where regulations have been issued to 

increase the difficulty of installing bulkheads to at least the same level as living shorelines, 

bulkhead installation has decreased dramatically on estuarine shorelines, demonstrating that 
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removal of this maladaptive policy can promote beneficial behavior (Luscher and Hollingsworth 

2007; Whalen et al. 2012).      

 

Finally, land-use planning in Duck is at risk of being maladaptive since its short-term time frame 

of 10-20 years promotes development in areas that are likely to experience longer-term changes 

that render them inhabitable. Although land use plans in Duck are designed to be updated every 

five years, the community would benefit from implementing regulations that take into into 

account long term sea level rise, erosion dynamics, and shoreline movement. Currently, the 10 to 

20-year horizon for land use planning in the community may put coastal residents at risk, since 

this timeframe does not forecast the regulations that will be necessary to protect residents even to 

mid-century. As a result, land use planning policies in Duck are maladaptive if they fail to 

account for future environmental changes, and therefore exacerbate the future costs and damages 

of development in flood-prone areas.  

6.3 Failure to account for climate change  
On a state-wide scale in North Carolina, maladaptive policies often arise due to the fact that 

climate change and sea level rise are not regularly considered in regulatory and hazard mitigation 

planning. For example, following the NCCRC’s 2010 report that predicted a rise in sea level of 

39 inches by 2100, a group of public officials, and business leaders formed the group NC-20 that 

lobbied to get the report discounted because of the negative impacts this degree of sea level 

would have (Dewitt 2014). Disregarding the science behind the sea level rise projections, NC-20 

successfully caused NC legislators to pass a four-year moratorium on any new policies related to 

sea level rise, and the CRC was instructed to conduct a new study that only assessed sea level 

rise 30 years into the future, and only using a linear projection based on past trends (Dewitt 

2014). Failing to acknowledge long-term accelerated sea level rise at the state level is clearly 

maladaptive, since the rate of sea level rise is expected to dramatically increase based on ongoing 

greenhouse gas emissions. Further, the limited 30-year timeframe that is considered in state-level 

planning is maladaptive since successful planning for sea level rise will require policies that look 

to at least the end of the century. As a result, climate change is not adequately integrated into 

current regional hazard mitigation planning or state policies that should serve to protect coastal 

communities from future threats.  
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While certain states have already incorporated climate risks into their hazard mitigation 

planning, others have not. Unsurprisingly, climate change and increased risk associated with 

future sea level rise were not considered in any of the hazard mitigation or land use plans 

investigated in this analysis. However, beginning in 2016, FEMA requires states to officially 

acknowledge and plan for climate change within their hazard mitigation plans, or else they will 

not be eligible for disaster preparedness funds (Bagley 2015). Although this policy does not 

affect post-disaster funding, states will not receive funding for projects such as in-place 

elevations, retrofits, and relocations unless these projects account for the increasing risk 

associated with sea level rise and other climate-induced changes. Many communities in coastal 

NC have benefitted from flood preparedness projects in the past, but unless climate change gains 

recognition by the state as a real process and a substantial threat, these communities will be 

unable to adequately prepare for the effects of sea level rise



 40 

Table 3. Summary of maladaptive aspects of commonly utilized flood preparedness strategies in coastal North Carolina  

Strategy Description  Maladaptive aspects Explanation 
 
Land use 
planning (Duck) 

 
Investments in transportation 
infrastructure; planning looks ahead 
10-20 years 
 
Control erosion through shoreline 
stabilization and beach nourishment  

 
Promotes floodplain development; 
short-term planning 
 
 
 
Promotes floodplain development 
 
 

 
Increases movement into floodplain; 
provides incorrect risk signals to residents; 
short-term planning does not account for 
long-term increases in risk 
 
Nourishment amplifies erosion, negatively 
impacts beneficial ecosystems 
 

 
Shoreline 
stabilization 
(Dare County) 
 

 
Reduce threats from erosion by 
stabilizing shoreline 

 
Short-term planning   
 

 
Easier to obtain permits for bulkheads 
compared to living shorelines; hardened 
structures exacerbate erosion and impede 
beneficial ecosystems  
 

 
In-place elevation 
(Belhaven and 
Washington) 

 
Houses elevated to BFE (1% annual 
flood)  

 
Promotes floodplain development  

 
Provides incorrect risk signal to residents 
since 1% annual flood chance may increase 
to 10% annual flood chance by mid-century 
  

 
Hazard mitigation 
planning (all 
coastal NC) 

 
Development of hazard mitigation 
plans to address risk of flooding and 
other disasters  

 
Failure to account for climate 
change 

 
Current hazard mitigation plans do not 
acknowledge changing threats due to 
climate change or sea level rise, which 
inhibits adaptation and may exacerbate 
impacts of threats 
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7. Conclusions and Recommendations  
The goals of this analysis were to assess the effectiveness of current flood preparedness 

strategies based on past performance, project the future effectiveness of the same strategies in 

light of continuing climate change, and identify maladaptive aspects of these policies that may 

inhibit successful adaptation to sea level rise. Flood preparedness strategies are often tailored to 

specific communities dealing with unique threats, which causes difficulty in directly comparing 

the effectiveness of these methods. However, by taking a case study approach using an 

outcomes-based policy analysis, it is possible to gain an understanding of whether certain 

strategies have been effective in a given location, and assess policy success.  

 

When examined using an outcomes-based approach, the majority of flood preparedness 

strategies employed by the North Carolina communities, including in-place elevations, 

acquisition and relocation programs, and living shorelines initiatives, have been successful at 

preventing flooding in the past. The one exception in this analysis concerned land use planning 

in the town of Duck, which has not yet proven successful at combatting threats from erosion and 

protecting infrastructure in flood-prone areas. However, when future sea level rise is taken into 

account, many of these strategies are rendered ineffective by mid century, due to the fact that 

most regulations associated with preparing for floods do not account for the increase in risk 

resulting from extensive sea level rise expected on the NC coast. 

 

By the end of the century (2100), only two of the strategies examined remained effective. 

Specifically, the acquisition and relocation strategy in Kinston was successful at moving flood-

prone structures out of the floodplain, while simultaneously restoring the floodway to its natural 

state, which aids in absorbing and controlling floodwater. This strategy is expected to remain 

effective by the end of the century since sea level rise is not expected reach the inland areas 

where structures were relocated, and because the city’s efforts to restore the floodplain will aid in 

dissipating future floods associated with increased storm intensity. Along the Outer Banks in 

Dare County, the living shorelines approach to flood preparedness is also expected to remain 

effective in light of long-term sea level rise, due to the ability of living shorelines to migrate with 

rising sea levels, expand and stabilize the shoreline, prevent erosion, and absorb floodwater. 
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The acquisition strategy employed by Kinston and the living shorelines approach promoted in 

Dare County are similar in that they utilize long-term planning to forecast, prepare for, and 

reduce future threats. In contrast, flood preparedness strategies that have limited foresight or do 

not account for evolving threats are predicted to be less effective as time goes on. Many of these 

strategies may even prove to be maladaptive in the long run if they exacerbate the threats posed 

by climate change. For example, short-term land use planning in the town of Duck, utilizing 

approaches such as beach nourishment and shoreline armoring to combat erosion, may in fact 

amplify future erosion by interfering with the natural shoreline dynamics of the Outer Banks. 

Further, in-place elevation strategies and floodplain development regulations employed in 

Washington and Belhaven, while important, can incentivize movement by residents into the 

floodplain by providing incorrect risk signals.  

 

As a result, flood preparedness strategies should be careful to not only incentive beneficial 

behaviors, but also dis-incentivize maladaptive behaviors such as increased development in 

floodplains. To do this, communities should promote alternative options such as retreat from the 

shoreline and low-impact development that facilitates naturally protective ecosystems. Beneficial 

behaviors can easily be incentivized by making adaptation easier than maladaptation, such as 

decreasing the time and cost to install living shorelines compared to bulkheads, and providing 

benefits for completing flood-preventing retrofits that account for worst-case scenarios.   

 

The unpredictable and potentially devastating impacts of sea level rise on the North Carolina 

coast emphasize the importance for communities to adaptively respond to risks. The first, and 

arguably most important step in this process is the integration of climate change science and 

realistic forecasting of sea level rise into state policies, which will in turn influence local 

regulations. Current flood preparedness strategies may be effective at reducing current threats, 

but the tendency for communities to want to “bounce back” after flooding disasters can work 

against climate adaptation efforts, which require communities to constantly reassess their risk 

and prepare for future threats. Flood preparedness strategies that are based on long-term sea level 

rise scenarios are beneficial because they promote forward thinking and encourage “win-win” 

policies – those that will always have a positive impact on coastal communities, even if sea level 

rise does not occur to the extent predicted.   
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Overall, this analysis sheds light on the importance of integrating adaptive management and 

long-term planning into flood preparedness policies. The case studies examined here also 

emphasize the fact that aligning incentives with policy outcomes is a key factor in ensuring 

policy success in the context of ongoing climate change. Despite differences in geographic, 

economic, and social settings, the entire coast of North Carolina will face unprecedented 

challenges stemming from sea level rise over the course of the coming century. The resilience of 

coastal communities in the future will be determined by the steps these communities take today 

to improve flood preparedness and ensure that policies and regulations are optimized to account 

for the variability and unpredictability of continuing sea level rise.  
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