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Acknowledgements 
 
The primary focus of this study is to refine and update foundational parameters used in b/Ωǎ 

oceanfront coastal management, to include erosion rates, setback factors, and defining the 

landward boundary of the Ocean Erodible Area (OEA) within the Ocean Hazard System using up 

to date shoreline data.   .ŀǎŜŘ ƻƴ ŀ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴ ŦǊƻƳ ǘƘŜ b/ /ƻŀǎǘŀƭ wŜǎƻǳǊŎŜ /ƻƳƳƛǎǎƛƻƴΩǎ 

Science Panel on Coastal Hazards, this update includes a comparison of erosion rate calculation 

methods which are informed by the latest scientific technology, incorporating long-term 

mapping data and advanced modeling techniques.  This effort aims to support resilience to 

coastal hazards while continuing to serve as a robust foundation for oceanfront policy-making in 

North Carolina's dynamic coastal environment.  This report provides a comprehensive analysis of 

shoreline change rates performed by Shoreline Management Specialist, Ken Richardson with the 

North Carolina Department of Environmental of Environmental QualityΩǎ Division of Coastal 

Management.  
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Executive Summary 
 

Since 1979, the North Carolina Division of Coastal Management (NC DCM) has utilized long-term 

erosion data to establish oceanfront construction setbacks and define the landward boundaries 

of Ocean Erodible Areas of Environmental Concern.  These rates have historically been 

determined using the "End-Point" method, which measures shoreline position changes between 

the earliest available and most recent datasets.  While widely recognized for its simplicity, cost-

effectiveness, and reliability, the method does not model or predict future shoreline changes.  

 

Advancements in Geographic Information Systems (GIS) technology and the availability of more 

comprehensive and accurate shoreline datasets have prompted a recommendation by the NC 

/ƻŀǎǘŀƭ wŜǎƻǳǊŎŜǎ /ƻƳƳƛǎǎƛƻƴΩǎ {ŎƛŜƴŎŜ tŀƴŜƭ ǘƻ ǘǊŀƴǎƛǘƛƻƴ ŦǊƻƳ ǘƘŜ ŜƴŘ-point method to the 

least squares regression method.  Unlike the end-point approach, which relies on only two data 

points, the least squares regression method incorporates multiple shoreline positions over time, 

offering a more refined and robust analysis of long-term erosion trends.  This transition allows 

for a more statistically rigorous approach to calculating erosion rates and setback factors, 

reducing potential anomalies caused by short-term fluctuations in shoreline position. 

 

This report presents findings from an erosion and accretion analysis conducted along North 

/ŀǊƻƭƛƴŀΩǎ ƻŎŜŀƴŦǊƻƴǘ ǳǎƛƴƎ ōƻǘƘ ǘƘŜ ƭŜŀǎǘ ǎǉǳŀǊŜǎ ǊŜƎǊŜǎǎƛƻƴ ŀƴŘ ŜƴŘ-point methods.  The study 

examined 10,232 transects spaced 50 meters apart, covering approximately 318 miles of 

shoreline.  Additionally, it compares results with previous studies that relied on the end-point 

method to assess consistency across methodologies. 

 

Key findings from the analysis include: 

¶ Statewide Erosion Trends: Both the least squares regression and end-point methods 

produced an identical average erosion rate of -1.9 feet per year.  This consistency 

reinforces the reliability of the updated methodology. 

¶ Setback Factor Implications: Of the total 318 miles of analyzed shoreline, 214.1 miles 

(67.3%) will experience no change in setback requirements, while 74.1 miles (23.3%) will 
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see a decrease in setback factors ranging from 0.5 to 14 feet per year (averaging 1.5 feet).  

An increase in setback requirements of 0.5 to 35 feet per year (averaging 3.0 feet) will be 

observed in 21.7 miles (7.8%). 

¶ Erosion Hotspots: The highest variability in erosion and accretion rates continue to be 

observed around inlets and capes, where processes create dynamic shoreline conditions. 

¶ Comparison of Methodologies: The study reaffirms that both the least squares regression 

and end-point methods yield highly consistent results.  However, the least squares 

regression method provides a more comprehensive assessment. 

 

¢Ƙƛǎ ǊŜǇƻǊǘ ƳŀǊƪǎ bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ ŦƛǊǎǘ ƭƻƴƎ-term update of annual erosion rates and setback 

factors using the least squares regression method.  By adopting this enhanced methodology, the 

state aims to improve the accuracy of erosion assessments and ensure that oceanfront 

construction setback regulations are based on the best available science.  These findings will 

serve as a critical foundation for future coastal management decisions, helping to balance 

development needs with the long-term sustainability ƻŦ bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ ǎƘƻǊŜƭƛƴŜΦ 
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1.0 Introduction  
 

 

The coast of North Carolina continually changes in response to wind, waves, and fluctuating sea 

levels, as well as human influences.  These coastal processes redistribute sand within the dune, 

beach, and nearshore systems.  Geographic, geological and oceanographic differences 

collectively influence sediment availability, distribution, and transport, which when better 

understood can help to explain why trends of erosion and accretion differ along all portions of 

bΦ/ΦΩǎ ōŀǊǊƛŜǊ island shorelines.  Both short- and long-term changes can be dramatically different 

depending on where changes are measured and how much time passes between storm events.  

Factors used to try and predict short-term changes are less understood than those affecting long-

term changes for a variety of reasons.  Short-term changes are easily influenced by storm events 

and require routine monitoring, analyses, and modeling using high-resolution data to anticipate 

changes and anticipate where erosion will be the most extreme.  Although factors affecting long-

term changes are complex, the positions of the shoreline over a longer period can reveal trends 

in shoreline movement - unless beaches are nourished on a periodic cycle (NCDCM, 2016). 

Because beaches gain sand (accrete), and lose sand (erode) through a variety of natural forces 

and human actions and can erode rapidly during a single event (hurricane),  Ocean Hazard 

Setback Factors are established in an effort to minimize losses of life and property resulting from 

storms, long-term erosion, prevent encroachment of permanent structures on public beach 

areas, preserve the natural ecological conditions of the barrier dune and beach systems, and 

reduce public costs of inappropriately sited development. 

It's essential to recognize that long-term erosion rates (over 50 years) can vary greatly from short-

term rates.  In 2000, the U.S. Geological Survey (USGS), East Carolina University (ECU), and the 

N.C. Geological Survey (NCGS) formed the Coastal Geology Research Cooperative to study the 

coastal geology of North Carolina, from Cape Lookout to Currituck County, and compare short- 

and long-term shoreline changes.  While engineering efforts like dredging, erosion control 

structures, and beach nourishment can affect short-term erosion, in North Carolina, storm 

intensity and frequency play a larger role in shaping short-term changes.  For example, beach 
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nourishment can artificially lower erosion rates, while storm event frequency and intensity can 

cause higher short-ǘŜǊƳ ŜǊƻǎƛƻƴ ǊŀǘŜǎ ǘƘŀǘ ŘƻƴΩǘ ƴŜŎŜǎǎŀǊƛƭȅ ǊŜŦƭŜŎǘ ƭƻƴƎ-term trends. 

The purpose of this study is to update oceanfront erosion rates and setback factors (SBF) along 

ому ƳƛƭŜǎ ƻŦ bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ !ǘƭŀƴǘƛŎ hŎŜŀƴ ǎƘƻǊŜƭƛƴŜ (Figure 1), as well as the landward extent 

of the Ocean Erodible Area (OEA) within the Ocean Hazard Area of Environmental Concern (AEC). 

This area is defined by a significant risk of excessive shoreline erosion, based on long-term 

average annual shoreline change rates - ŎƻƳƳƻƴƭȅ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άŜǊƻǎƛƻƴ ǊŀǘŜǎΦέ  Initially 

established by the Coastal Resource Commission (CRC) under the Coastal Area Management Act 

(CAMA) in 1979, these long-term average annual shoreline change rates have been periodically 

updated, with the most recent update completed in 2019 and effective as of April 1, 2020.  

Oceanfront construction setback factors are used to determine appropriate siting for oceanfront 

development. 
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Figure 1. ¢ƘŜ ǎǘǳŘȅ ŀǊŜŀ ŜƴŎƻƳǇŀǎǎŜǎ bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ ƻŎŜŀƴŦǊƻƴǘΣ ǿƛǘƘ ому ƳƛƭŜǎ ƻŦ ǎƘƻǊŜƭƛƴŜ ŀƴŀƭȅȊŜŘΦ 

 

Since the first study in 1979 (Tafun, Rogers, and Langfelder, 1979), shoreline change rates for 

bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ ƻŎŜŀƴŦǊƻƴǘ ƘŀǾŜ ōŜŜƴ ŎŀƭŎǳƭŀǘŜŘ ǳǎƛƴƎ ǘƘŜ ŜƴŘ-point method.  This approach 

involves using the earliest and most recent shoreline data, along with shore-perpendicular 

transects, where the distance between the two shorelines is measured at each transect.  The raw 

shoreline position change rates are then calculated by dividing the distance between the two 

shorelines (at the transect intersections) by the time elapsed, or the number of years between 

the two shoreline positions.  To determine Setback Factors, these data are "smoothed" using a 
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17-point running average and "blocked" to identify shoreline segments, or "blocked areas," that 

exhibit similar erosion rates. 

Over the past two decades, advancements in digital mapping technology have enabled the 

Division to develop a comprehensive shoreline database.  By leveraging Geographic Information 

{ȅǎǘŜƳǎ όDL{ύ ŀƭƻƴƎǎƛŘŜ ǘƘŜ ¦Φ{Φ DŜƻƭƻƎƛŎŀƭ {ǳǊǾŜȅΩǎ 5ƛƎƛǘŀƭ {ƘƻǊŜƭƛƴŜ !ƴŀƭȅǎƛǎ {ȅǎǘŜƳ ό5{!{ύΣ ǘƘŜ 

Division can better streamline the process of analyzing and comparing shoreline change rates 

using multiple calculation methods.  At the recommendation of the NC /w/Ωǎ {ŎƛŜƴŎŜ tŀƴŜƭ on 

Coastal Hazards, this report presents shoreline change rates and setback factors derived from 

least squares regression.  For context, these values are also compared with both current and 

historical results using the end-point method. 
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2.0 Methods 
 

Since 1979, DCM has calculated long-term oceanfront shoreline change (erosion and accretion) 

using the end-point method.  This approach focuses on the change in shoreline position between 

the earliest and most recent recorded shorelines.  While useful for providing an overall picture 

of long-term shoreline movement, the method does not account for significant short-term 

fluctuations that may occur between those points in time, which can influence local shoreline 

behavior and differ from long-term trends.  This limitation is particularly evident in inlet 

shorelines, where constant movement, tidal and storm influences, and sediment transport cause 

frequent position changes. The dynamic nature of these areas makes the end-point method less 

effective in accurately capturing the shoreline's behavior or estimating future trends. 

To address this complexity, this study focuses on least squares regression, while still comparing 

the results to those generated using the end-point method.  This statistical technique analyzes 

multiple shoreline positions over time, providing a more detailed view of shoreline variability and 

long-term trends (Thieler et al., 2009). By utilizing a broader dataset, the least squares regression 

method offers a more reliable and comprehensive analysis of shoreline dynamics, particularly in 

areas influenced by the unpredictable behavior of inlets.  This approach enhances the 

understanding of erosion and accretion patterns, offering valuable insights that can inform 

coastal management strategies. 

Shoreline data were analyzed using 9{wLΩǎ ArcPro® 3.x and ArcMap® 10.8x Geographic 

Information System (GIS) ŀƴŘ ¦Φ{Φ DŜƻƭƻƎƛŎŀƭ {ǳǊǾŜȅΩǎ ό¦{D{ύ Digital Shoreline Analysis System 

(DSAS) versions 5.1 and 6.0.  Geographic Information Systems (GIS) are a sophisticated suite of 

tools used to capture, store, analyze, manage, and visualize spatial or geographic data.  These 

spatial mapping and analysis technologies combine layers of information about a location to help 

understand patterns, relationships, and trends.   

The U.S. Geological Survey's (USGS) Digital Shoreline Analysis System (DSAS) is a specialized tool 

designed to calculate shoreline changes, including erosion and accretion rates.  It tracks shoreline 
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movement over time by analyzing both historical and recent data. The following is a general 

overview of how DSAS is used to calculate shoreline erosion rates: 

1. Shoreline Data Input: DSAS requires a series of shoreline positions from different time 

periods.  These shorelines can be digitized from historical maps, aerial imagery, or satellite 

data. 

2. Baseline Creation: A baseline is established landward or seaward of the shorelines. It acts 

as a reference for the calculation of changes. 

3. Transect Generation: Perpendicular transects are automatically generated at regular 

intervals from the baseline, extending across the shorelines. These transects are the 

points where shoreline change is measured. 

4. Shoreline Change Calculation: For each transect, DSAS computes the distance between 

different shoreline positions over time, using methods like: 

a. End Point Rate (EPR): Measures the distance between the oldest and most recent 

shorelines divided by the time span between them. 

b. Linear Regression Rate (LRR): Fits a least-squares regression line through all 

shoreline points for each transect, estimating the average rate of change. 

c. Weighted Linear Regression (WLR): Like LRR, but weights more recent data more 

heavily to account for its higher relevance. 

5. Output: DSAS generates statistical outputs for each transect, including the rate of 

shoreline change (in meters per year) and confidence intervals. These results help assess 

erosion risks, trends, and rates. 

In summary, DSAS is used to calculate shoreline erosion rates by analyzing shoreline position 

changes over time, using automated transects and various statistical methods to provide precise 

and localized erosion rate data. 
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2.1 Shoreline Data 

  

5/aΩǎ ƎǊƻǿƛƴƎ ŘŀǘŀōŀǎŜ ǎƘƻǊŜƭƛƴŜǎ ŦŀŎƛƭƛǘŀǘŜŘ ǘƘƛǎ ǎǘǳŘȅ ōȅ ŀƭƭƻǿƛƴƎ use of more data that better 

reflects short-term fluctuations in shoreline position.  Most of the shorelines analyzed were 

mapped using historic orthophotography to digitize the wet-dry line (Figure 2), considered a 

proxy for the Mean High Water (MHW) line; while others represented the location of MHW - 

either derived from lidar (1997 and 2004), or NOS T-Sheets (1930s and 1940s).  Two studies 

carried out by DCM (Limber et al., 2007a; 2007b) indicated that the lidar-derived MHW line could 

be used interchangeably with the wet-dry shorelines without influencing long-term trends.  

²ƘŜƴ ƛƴǘŜǊǇǊŜǘŜŘ ŦǊƻƳ ŀŜǊƛŀƭ ǇƘƻǘƻƎǊŀǇƘȅΣ bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ ƻŎŜŀƴŦǊƻƴǘ ǎƘƻǊŜƭƛƴŜ ƛǎ ŘŜŦƛƴŜŘ ŀǎ 

ǘƘŜ άǿŜǘ-ŘǊȅ ƭƛƴŜέΦ  ¢Ƙƛǎ άƭƛƴŜ ƛƴ ǘƘŜ ǎŀƴŘέ ǊŜŦŜǊŜƴŎŜǎ ŀƴ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ǿƘŜǊŜ ǘƘŜ ǿŜǘ ǎŀƴŘ ŜƴŘǎ 

and the dry sand begins and is typically distinguished by contrasting sediment color or shade, 

ƘŜƴŎŜ άǿŜǘ-dry.έ  Wet-dry shoreline interpretation is the most readily identifiable and 

considered in the worst case to be between high and low tides (e.g., Crowell, Leatherman, and 

Buckley, 1991; Dolan R. , Hayden, May, and May, 1980; Overton and Fisher, 2003).   
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Figure 2. Interpretation of the "wet-dry" shoreline using orthophotography. 

 

The earliest shorelines used in this and subsequent studies (2004, 2013, 2020) were digitized by 

the North Carolina State University (NCSU) Kenan Natural Hazards Mapping Program, and 

represents a composite of both Mean High Water (MHW) shorelines digitized from National 

Ocean Survey Topographic Surveys (NOS T-sheets) (1933-1952), and wet-dry line interpretations 

made from historical (1940-1962) imagery (Overton and Fisher, 2003).    Use of NOS T-sheet 

shorelines is accepted by other researchers and has been adopted by the USGS in their shoreline 

erosion studies.  A statewide set of NOS T-sheets for a single year do not exist; therefore, early 

dates do vary between 1933 and 1952.   For aǇǇǊƻȄƛƳŀǘŜƭȅ ол ƳƛƭŜǎ ƻŦ ǘƘŜ ǎǘŀǘŜΩǎ ƻŎŜŀƴŦǊƻƴǘ 

shoreline (north of Oregon Inlet to North Carolina/Virginia State line) T-sheets were not available 

when the early shoreline was digitized.  For this portion of the coast, a collection of early 

photography (1940ς1962) was used to digitize a wet-dry shoreline.  By using this early shoreline, 

consistent comparisons at each transect can be made between the multiple shoreline change 

rate studies. 
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The most current shoreline used in this study is a wet-dry interpretation digitized at a map scale 

of 1:1,000 utilizing 2020 North Carolina color imagery (6-inch pixel resolution).  However, at 

hƴǎƭƻǿ .ŜŀŎƘ ŀƴŘ .ǊƻǿƴΩǎ LǎƭŀƴŘΣ нл21 imagery (1-meter pixel resolution) was available from 

9{wLΩǎ ōŀǎŜƳŀǇ ǿŜōǎŜǊǾƛŎŜǎ, and used due to a 2020-imagery data gap.   

   

2.2 Transects (50-Meter) 

  

Transects used in this study are generally perpendicular to the shoreline, spaced 50 meters 

(approximately 164 feet) apart (Figure 3), and spatially consistent with those used in previous 

update studies.  It is expected that they are also spatially like those established by Dr. Robert 

Dolan in his early shoreline erosion rate studies since they have similar spacing and end-point 

coordinates (Dolan, Hayden, and Heywood, 1978); however, it is not possible to confirm since 

they did not exist in a digital form prior to the 1992 study (Overton and Fisher, 2003).  For this 

reason, only comparisons of ocean hazard Setback Factors from this and earlier studies can be 

made, and not the actual shoreline change rates. 
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Figure 3.  This map illustrates an example of shore-perpendicular 50-Meter transects (dashed yellow line). 

 

For future studies, it is essential to evaluate the transect length to ensure they fully encompass 

the shoreline envelope, allowing for comprehensive data analysis.  However, recasting the 

transects along the oceanfront will likely be unnecessary, as their current length of approximately 

6,000 feet is sufficient.  However, if needed, the transects can be extended further landward. 

 

2.3 Shoreline Change Rates: Least Squares Regression 

 

One limitation of the end-point method is its inability to account for significant short-term 

shoreline changes that occur between the two data points used in its analysis.  Given the constant 

movement and fluctuation of ocean and inlet shorelines, this approach may not fully capture the 
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dynamic changes that take place between the earliest and most recent shoreline positions. To 

ŀŘŘǊŜǎǎ ǘƘƛǎ ƭƛƳƛǘŀǘƛƻƴΣ ŀƴŘ ŦƻƭƭƻǿƛƴƎ ǘƘŜ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴ ƻŦ ǘƘŜ /w/Ωǎ {ŎƛŜƴŎŜ tŀƴŜƭΣ ǘƘƛǎ ǎǘǳŘȅ 

utilized the least squares regression method, a statistical approach that incorporates multiple 

shoreline positions over time for a more comprehensive analysis (Thieler et al., 2009). 

At each transect, there are a series of shoreline-transect intersections that represent the 

ǎƘƻǊŜƭƛƴŜΩǎ Ǉƻǎƛǘƛƻƴ ǘƘǊƻǳƎƘ time (Figure 4).  Least squares regression (LRR) minimizes the 

distance between the known values (actual shoreline positions) fitting a least-squares regression 

line through all shoreline points for each transect, estimating the average rate of change (Figure 

5). The slope of this line is the least squares regression of shoreline change or the local erosion 

or accretion rate.  

 

 

Figure 4.  This map illustrates an example of point locations where shorelines intersect transects. 
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Figure 5.  Relative shoreline position as a function of time (circles). The slope of the best fit, dotted line is the linear 
regression rate (LRR) of shoreline change (in this case, it is eroding at 19 feet per year). 

 

The benefits of linear regression include (Dolan et al., 1991):  

¶ All data is used, regardless of changes in trend or accuracy.  

¶ The method is purely computational.  

¶ The calculation is based on accepted statistical concepts. 

¶ This method is easy to employ.  

Although the least squares regression method is less sensitive to individual points, it is 

susceptible to outliers; it assumes that the computed trend is linear, and it tends to 

underestimate the rate of change relative to other statistics, such as the end-point rate (Dolan et 

al., 1991; Genz et al., 2007).  To exclude outlier data, precautions were taken to avoid shorelines 

that reflect influences caused by a major storm event or beach nourishment.  However, given 

that the practice of beach nourishment has become a frequently occurring common practice, 

avoidance of these shorelines is not always possible. 
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Once computed, the linear regression rate was then smoothed using a 17-transect running-

average alongshore.  This follows the blocking computation historically used for the oceanfront 

shoreline rates and further smooths the alongshore variation in the shoreline change rate. 

 

2.4 Shoreline Change Rates: Smoothing 

 

Smoothing raw data has been applied in all oceanfront shoreline position change studies since 

1979 and serves as a method of removing high-frequency variations or noise, thereby highlighting 

the underlying trends and patterns.  By doing so, short-term dynamic shoreline phenomena such 

as beach cusps, smaller sand waves, and the incorporation of landward migrating portions of 

offshore bar systems are effectively filtered out (Figure 6).  
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Figure 6.  This image shows an example of beach cusps and nearshore sandbars relative to 50-meter transects. 

 

Shoreline cusps and similar coastal features exhibit a wide range of sizes, from small formations 

approximately 5 feet in width to much larger structures reaching up to 5,000 feet.  Their lifespans 

also vary considerably, with smaller features lasting only a few days, while larger ones, such as 

sand waves, can persist for entire seasons or even several years (Dolan and Ferm, 1968; Davis, 

1978).  This range in both size and duration reflects the dynamic and ever-changing nature of 

coastal environments, driven by processes like wave action, tidal patterns, and sediment 

transport. 

Sandbars, another prominent coastal feature, typically measure more than 300 feet in length.  

These structures undergo migration and attachment processes, which unfold over time periods 
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ranging from seasons to years (Davis, 1978).  The shifting position of these bars, combined with 

their ability to attach to different points along the shoreline, underscores the fluidity of coastal 

landscapes, where no feature remains fixed indefinitely. 

Unlike smaller, more transient formations, larger and more durable features such as capes are 

resistant to smoothing processes commonly applied in coastal analysis. These capes remain 

prominent even after filtering, highlighting their scale and resilience. Despite their size, capes 

and similar features are not permanently anchored to a single location.  They can migrate along 

the shoreline, shaped by continuous interactions with natural forces like currents, wind, and 

wave energy.  This movement further illustrates the complex and evolving nature of shorelines, 

where even the largest features remain subject to gradual change. 

The procedure for spatially smoothing shoreline change rate data involves a simple moving 

average or running mean technique, as described by Davis in 1973.  Commonly known as the "17-

point running average," this method typically includes at least 17 transects, each spaced 50 

meters apart, covering approximately 2,482 feet (0.47 mile) of shoreline. To calculate the 

smoothed rate, an average is computed for each group of 17 transects, with the calculation 

centered on the ninth transect - having eight transects on either side (Figure 7). 
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Figure 7.  This graphic illustrates an example of the 17-point running average algorithm, where the raw erosion rate 
at each transect is averaged with the values from eight transects on either side, totaling 17 data points. 

 

As the algorithm approaches an area with less than 17 transects, the number of transects used 

to calculate the average is reduced by two, dropping one from each side of the centered transect, 

until the end is reached.  For the last value, a weighted average is calculated using only the final 

two transects.  This approach ensures a smooth transition in areas with fewer available data 

points near shoreline boundaries or inlets. 

Rs = (2 x T1 + T2) / 3 

 

Rs = smoothed rate 

T1 = erosion rate at last transect adjacent to the inlet 

T2 = erosion rate at second to last transect adjacent to inlet 
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As shown in Figure 8, the effects of smoothing are most apparent in areas undergoing accelerated 

erosion or accretion, such as near inlets.  For analyzing erosion rate data, this method is one of 

the simplest techniques for smoothing time-series data. Its effectiveness in these studies is 

largely due to the equal spacing between transects, making it well-suited for capturing consistent 

shoreline change patterns. 

 

 

Figure 8.  This example illustrates the raw data (black points), smoothed data (red line), and blocked erosion setback 
factors (blue line).  Note that in areas where erosion rates are less than 2 feet per year, or where accretion occurs, 
the minimum setback factor defaults to 2.  While setback factors are recorded as positive values, they directly 
correspond to erosion rates, particularly when the values surpass -2 ft/yr. 

 

 

2.5 Shoreline Change Rates: Blocking 
 

In late 1978 and early 1979, the North Carolina Coastal Resources Commission undertook an in-

depth review and revision of the oceanfront regulations initially adopted in September 1977.  

One of the most significant updates introduced during this process was the concept of oceanfront 

development setbacks, which were then partially determined by the average annual long-term 
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erosion rates. These rates, calculated based on transects, helped define how far inland 

development should be placed to minimize risk from coastal erosion.  Where rates are higher, 

the setbacks are greater to help buffer the risk. 

However, because these transects only capture data at specific points along the shoreline, a 

ƳŜǘƘƻŘ ǿŀǎ ǊŜǉǳƛǊŜŘ ǘƻ ŜǎǘŀōƭƛǎƘ ōǊƻŀŘŜǊ ǎŜǘōŀŎƪ ŀǊŜŀǎΣ ƻǊ άōƭƻŎƪǎΣέ ǿƘŜǊŜ ǎƛƳƛƭŀǊ ŜǊƻǎƛƻƴ ǊŀǘŜǎ 

could be applied consistently across continuous coastal sections.  Following a 1979 study (Tayfun 

et al., 1979) it was determined that if the blocks or segments were too long, the accuracy of the 

erosion rates could be compromised, particularly in regions where the rates change rapidly over 

short distances.  Long segments tend to oversimplify the data, failing to reflect these localized 

variations, which could lead to inappropriate setback distances in areas prone to higher erosion. 

Lǘ ǿŀǎƴΩǘ ǳƴǘƛƭ ǘƘŜ /w/Ωǎ 1986 study that this issue was addressed by decreasing the transect 

spacing from the original intervals to 50 meters.  This closer spacing allowed for a more precise 

calculation of erosion rates and has been the standard practice in all subsequent studies of 

oceanfront areas.  This refinement enabled a more accurate understanding of how erosion 

affects different parts of the shoreline, leading to better-informed coastal management and 

development decisions. 

The technique of "blocking" smoothed rate data creates spatially consistent rate segments along 

the shoreline.  Essentially, blocking groups neighboring transects along the same shoreline 

segment that exhibit similar smoothed shoreline change rates.  This approach enables more 

uniform and consistant management practices for sections of the shoreline that experience the 

same or similar rates of change, rather than relying on individual rates at each transect or risking 

misinterpretations in the areas between transects.   

The blocked shoreline change rate data are used as setback factors, commonly referred to as 

"erosion rates," and are applied to determine construction setbacks within Ocean Hazard Areas 

of Environmental Concern (AECs), which include both Ocean Erodible Areas and Inlet Hazard 

Areas.   This method ensures that setbacks are calculated consistently across similar shoreline 

segments, improving coastal management and reducing the risk of inappropriate development 

in high-erosion zones. 
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Blocking procedures, itemized below, represent refinments and clarifications of procedures 

established by and used in all previous update studies.  These refinements and clarifications are 

the result of improved accuracy of the data brought about by improvements in the shoreline 

delineation methodology and quantitative requirements that allow for increased repeatabiltiy of 

results.  In areas experiencing an accelerated change in rates, this refinement resulted in smaller 

blocked groups.  The following list ŘŜǎŎǊƛōŜǎ ǘƘŜ ǇǊƻŎŜǎǎΣ ƻǊ άǊǳƭŜǎέ ƻŦ ōƭƻŎƪƛƴƎΥ 

1. DǊƻǳǇ άƭƛƪŜέ ŜǊƻǎƛƻƴ ǊŀǘŜ ǎŜƎƳŜƴǘǎ ōŀǎŜŘ ƻƴ ǊŀǘŜ ŀǘ ǘǊŀƴǎŜŎǘ όe.g., 2.0, 2.2, 2.1, 2.5, 2.6, 

2.1, . . . 2.9) and use the mean of each segment as the blocked rate.  Transitioning at one-

foot intervals are prefered for rate block boundaries.  Fractional rates are rounded down 

to the nearest foot, or half foot interval for segments dominated by a half foot value and 

do not have values greater than the next highest one foot interval   (e.g., a rate segment 

equal to 5.4 would be rounded to 5.0; and 5.7 would be rounded to 6.0). 

 

2. Blocked shoreline change rate segments must be comprised of at least eight (8) transects.  

In areas experiencing rapid erosion or accretion (e.g., approaching inlets), it is not always 

possible achieve a one-foot transition from one blocked rate segment to the next, thus 

making it necessary to evaluate segments based on its mean  so that transitions from one 

blocked segement to the next was as near to the one-foot interval as feasible.   

 

3. In areas where blocked segments transition from one value to another (e.g., from 3 to 4 

feet per year) a determination must be made to select the transect that will serve as  a 

delineation between the change in values.  The lower rate would be applied towards the 

higher blocked segment. 

 

4. Where two blocked  boundaries meet and divide a property or parcel, the lower of the 

two blocked rates is applied in the direction of the higher rate in order to give the property 

owner the benefit of the lower rate.   
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Based on currentl rules (15A NCAC 07H.0304(1)1), segments of the shoreline that result in 

measured accretion, or where measured erosion rates are less than two (2.0) feet per year, are 

assigned the default minimum, a blocked rate value (Setback Factor) of two (2) in accordance 

with the minimum setback of 60 feet, or 30 times the Setback Factor based on blocked shoreline 

change rates. 

 

  

 
1 NC Administrative Code (NCAC), Title 15A ς Environmental Quality, Chapter 7, Sub-Chapter 0304(1) 
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3.0 Results 
 

Data analysis was conducted using the least squares regression method at 10,232 transects, 

spaced 50 meters apart, covering approximately 318 miles of oceanfront shoreline.  Of these, 

7,019 transects (218 miles) recorded erosion rates ranging from less than -1.0 to -234 feet per 

year, with an average rate of -4.2 feet per year.  Accretion, ranging from less than +1.0 to +69.4 

feet per year, was observed at 3,193 transects, averaging 3.1 feet per year.  As expected, the 

highest erosion and accretion rates were found near inlets and capes. 

Statewide, the least squares regression method calculated an average erosion rate of -1.9 feet 

per year.  Erosion rates below -2.0 feet per year were recorded at 4,343 transects, covering 134.9 

miles (42.4% of the analyzed shoreline), while rates exceeding -2.0 feet per year were measured 

at 4,485 transects, spanning 139.3 miles (43.8%).  Accretion was observed at 3,193 transects 

across 99.2 miles (31% of the analyzed shoreline).  Despite using least squares regression, the 

results align closely with previous studies that employed the end-point method. 

When comparing methodologies (Table 1), both least squares regression and end-point methods 

produced similar results.  Statewide, the end-point method measured an average erosion rate of 

-1.9 feet per year, with rates ranging from -262 to +114 feet per year.  Erosion was recorded at 

6,711 transects, covering 208.5 miles (66% of the analyzed shoreline), while accretion was 

measured at 3,509 transects across 109 miles (34.3%). 

As with past studies (Table 2), areas where erosion rates frequently fluctuate above North 

/ŀǊƻƭƛƴŀΩǎ ŀǾŜǊŀƎŜ ό-2 ft/yr) often exhibit setback factor variations of 1 foot, ½ foot, or more 

between assessments.  Despite using least squares regression for these calculations, the results 

remain highly consistent when compared to the end-point method and previous studies. 

Across the total 318 miles of analyzed shoreline, compared to the current effective setback 

factors (2020), updating erosion rate setback factors using least squares regression will result in: 

¶ No change for 214.1 miles (67.3%) of shoreline 
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¶ A decrease in setback requirements for 74.1 miles (23.3%), ranging from 0.5 to 14 feet 
per year (average: 1.5 feet per year) 
 

¶ An increase for 21.7 miles (7.8%), ranging from 0.5 to 35 feet per year (average: 3.0 feet 
per year).  The largest setback values are found at inlets and capes. 

 

Within the 2025 Ocean Erodible Areas (OEA), excluding the proposed 2025 updated Inlet Hazard 

Areas (IHA), setback requirements will remain unchanged for 201.4 miles relative to 2020 

requirements (Table 3).  Meanwhile, 70.3 miles will experience a decrease in setback factors 

ranging from 0.5 to 14 feet per year (average: 1.5 feet per year), while 12.6 miles will see an 

increase between 0.5 and 32 feet per year (average: 3.0 feet per year). 

Focusing segments of developed shorelines only (144.6 miles), within the OEA, and excluding the 

proposed 2025 IHA updated boundaries: 

¶ 124.9 miles (86%) will see no change 

¶ 17.7 miles (12%) will experience a decrease between 0.5 and 3.5 feet per year (average: 
1.0 foot) 

¶ 2.0 miles (2%) will see an increase between 0.5 and 3.5 feet per year (average: 1.0 foot) 
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Table 1.  This table presents the length and percentage of the total shoreline, comparing the calculated erosion rate 
setback factors determined by both the least squares and end-point methods.  It is important to note that the 
minimum setback factor is 2, as defined in Rule 15A NCAC 07H.0306.  A setback factor of 2 indicates that erosion is 
either less than -2.4 feet per year or that accretion was measured. Setback factors greater than 2 correspond to 
calculated erosion rates. 

 

 

 

 

 

 

 

 

Parameter 

Lengths of shoreline for each parameter 

End-Point Method 

Miles of Shoreline (%) 

Least Squares Regression Method 

Miles of Shoreline (%) 

Miles of Shoreline Mapped & Analyzed 317.8 317.8 

Measured Accretion 109 (34.3%) 99.2 (31.2%) 

Measured Erosion 208.5 (65.6%) 218 (68.6%) 

No Change or No Output (no data) 0.3 (<1%) 0.6 (<1%) 

Setback Factor = 2.0 196.8 (61.9%) 193.7 (61%) 

Setback Factor = 2.5 to 5.0 63.8 (20.1%) 66.5 (20.9%) 

Setback Factor = 5.5 to 8.0 34.1 (10.7%) 33.7 (10.6%) 

Setback Factor > 8.0 23.1 (7.2%) 23.8 (7.5%) 



31 
 

 

 

Statewide Summary 

2025 

Miles (% 

of total) 

2020 

Miles (% 

of total) 

2013 

Miles (% 

of total) 

2004 

Miles (% 

of total) 

1997 

Miles (% 

of total) 

1986* 

Miles (% 

of total) 

1980* 

Miles (% 

of total) 

Miles of Shoreline 

Mapped/Analyzed 
317.8 304.5 307.4 312 300 237* 245* 

Setback Factor  

(2 ft/yr. ) 

193.7 

(61%) 

174.6 

(57.3%) 

190.2 

(61.9%) 

193 

(62%) 

165 

(55%) 

144 

(61%) 

149 

(61%) 

Setback Factor  

(2.5 to 5.0 ft/yr. ) 

66.5 

(20.9%) 

67.1 

(22.1%) 

62.1 

(20.2%) 

64 

(21%) 

54  

(18%) 

43  

(18%) 

52  

(21%) 

Setback Factor  

(5.5 to 8.0 ft/yr. ) 

33.7 

(10.6%) 

38.7 

(12.7%) 

31.5 

(10.2%) 

28  

(9%) 

30  

(10%) 

20  

(8%) 

22  

(9%) 

Setback Factor  

(>8.0 ft/yr. ) 

23.8 

(7.5%) 

22.7 

(7.4%) 

20.8 

(6.8%) 

27  

(8%) 

32 

(10.7%) 

22  

(9%) 

22  

(9%) 

No Data 0.0 
1.4 

(<0.5%) 

2.8 

(<1%) 
0 

19 

(6%) 

8 

(4%) 
0 

 

Table 2. This table presents a summary of length of analyzed shoreline and blocked shoreline change rates (Setback 
Factors) relative to previous studies dating back to 1980. Where the study year is marked with an asterisk (*), the 
total shoreline length is lower because either some or all the National Seashore was not mapped and analyzed (e.g., 
Shackleford Banks, Core Banks). 
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Study Update No Change miles (%) Increase miles (%) Decrease miles (%) 

From 2020 to 2025 124.9 (86%) 2 (1.4%) 17.7 (12%) 

From 2013 to 2020 120.5 (86%) 20.3 (14%) 3.8 (2.6%) 

From 2004 to 2013 118.3 (82%) 10.3 (7%) 16 (11%) 

From 1997 to 2004 111.6 (77%) 10.4 (7%) 22.6 (16%) 

 

Table 3. This table compares the total length of developed shoreline (144.6 miles) with the distances and percentages 
of shoreline that experienced no change, increased change, or decreased change in setback requirements when 
transitioning from the effective rate to the updated rate since 1997.  It is important to note that these comparisons 
are relative to developed shoreline within the 2025 OEA, excluding areas within the proposed 2025 IHA update 
boundary. 

 

The following sections present a comparison of end-point and least squares regression methods, 

supplemented with graphs and maps for visualization.  While all data are included, setback 

factors are displayed on maps only within the Ocean Erodible Area (OEA) in relation to the 

proposed 2025 updates to Inlet Hazard Areas.  Graphs show setback factors for each shoreline 

section, but mapped setback factors are limited to OEAs.  For setback factors within the proposed 

2025 Inlet Hazard Areas, refer to the report titled NC Inlet Hazard Area (IHA) Erosion Rate & 

Setback Factors: 2025 Update. 

In areas where erosion rates are less than -2 feet per year or where accretion occurs, the 

minimum setback factor defaults to 2 feet per year, per Rule NCAC 15A 07H.0304(1).  Although 

setback factors are recorded as positive values, they directly correspond to erosion rates, 

particularly when exceeding -2 feet per year.  For example, a setback factor of 3 indicates a 

shoreline section with a long-term average annual erosion rate between -2.6 and -3.4 feet per 

year. 
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3.1 Bird Island to Sunset Beach: 
 

.ƛǊŘ LǎƭŀƴŘ ŀƴŘ {ǳƴǎŜǘ .ŜŀŎƘ ŀǊŜ bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ southernmost beaches and are considered to 

have low sloping south-facing beaches with approximately 3.3 miles of combined oceanfront 

shoreline.  Sunset Beach has been naturally accreting and has not required any nourishment 

projects.  {ŜǾŜǊŀƭ ŦŀŎǘƻǊǎ ƘŀǾŜ ƘŀŘ ǎƛƎƴƛŦƛŎŀƴǘ ƛƴŦƭǳŜƴŎŜǎ ƛƴ ŘŜŦƛƴƛƴƎ ǘƻŘŀȅΩǎ ǎƘƻǊŜƭƛƴŜ ǇƻǎƛǘƛƻƴΤ ŀ 

navigation jetty constructed at Little River inlet (left side of graph) between 1981 and 1983, 

closing of Madd inlet in 1998 (transect IDs 35-40) which separated Bird Island from Sunset Beach, 

and artificially relocation of Tubbs Inlet in 1970 farther east (closer to Ocean Isle).   

The analysis examined twenty-two shorelines (Figure 9) along this oceanfront section over an 87-

year period, from 1933 to 2020.  During this time, shoreline movement varied considerably, with 

the shoreline envelope, representing the range of movement along each transect, spanning from 

a minimum of 310 feet to a maximum of 2,829 feet, averaging 917 feet.  A relative standard 

deviation of 113 feet highlights the broad dispersion of shoreline positions, which have been 

primarily influenced by the proximity to the Little River Inlet navigation jetty, Tubbs Inlet (both 

its current and former locations), and the now-closed Mad Inlet.  These features have collectively 

shaped shoreline dynamics, affecting sediment transport and long-term coastal changes.  Despite 

these fluctuations, much of the beach has experienced a net gain in sediment, leading to overall 

beach accretion over time. 

For comparison, both the end-point and least squares regression methods produced similar 

results, with the end-point method yielding an average shoreline change of +6.7 feet per year 

and the least squares regression method averaging +6.2 feet per year (Figure 10).  Both 

approaches resulted in blocked erosion rate setback factors of two (2), aligning with previous 

studies for this section of shoreline. 

Transitioning to the least squares regression methodology provides a more accurate 

representation of long-term shoreline movement; however, it does not significantly impact the 

updated setback factors relative to earlier studies (Figure 11 to Figure 14 and Table 4).  Using this 

method, the calculated setback factors for both Bird Island and Sunset Beach remain at two feet 
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per year, with no increases.  For setback factors within the proposed updated Inlet Hazard Area, 

refer to the report titled άb/ LƴƭŜǘ IŀȊŀǊŘ !ǊŜŀ όLI!ύ 9Ǌƻǎƛƻƴ wŀǘŜ ϧ {ŜǘōŀŎƪ CŀŎǘƻǊǎΥ нлнр 

Update.έ 

 

 

Figure 9. Shorelines included in the analysis (1933-2020) at Bird Island and Sunset Beach. 
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Figure 10. This graph compares erosion rates calculated using least squares regression (blue line) and end-point 
(dashed red line). 
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Figure 11. This map image illustrates the shoreline envelope at each transect, showing the area between the most 
oceanward and landward shorelines, labeled with erosion rates. Green lines indicate areas where accretion is 
measured, while red lines represent areas where erosion is measured using least squares regression. 

 

 

Figure 12. This graph illustrates shoreline change rates measured at each transect, with green bars representing 
areas of accretion and red lines indicating areas of erosion. 
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Figure 13.  This graph illustrates shoreline change rates (erosion and accretion) and blocked rates (setback factors) 
calculated at each transect. Black cross points represent raw rates, the solid blue line shows the smoothed rates, and 
the gray area represents the blocked rates (setback factors). 

 

 

 

-80

-60

-40

-20

0

20

40
1 5 9

1
3

1
7

2
1

2
5

2
9

3
3

3
7

4
1

4
5

4
9

5
3

5
7

6
1

6
5

6
9

7
3

7
7

8
1

8
5

8
9

9
3

9
7

1
0

1

1
0

5

1
0

9

1
1

3

1
1

7

1
2

1

1
2

5

1
2

9

R
a

te
 (

fe
e
t/

y
e
a

r)

Transects

Blocked Setback Factors at Sunset Beach
& Shoreline Change Rates (Raw and Smooth)

Blocked SBF (LRR) LRR (ft/yr) LRR-Raw (ft/yr) T
u

b
b

s 
In

le
t

2025IHA

2 2

OceanErodible Area (OEA)



38 
 

 

Figure 14. This map illustrates the erosion rate setback factors within the Ocean Erodible Area at Bird Island and 
Sunset Beach.  For setbacks within the proposed updated IHA ōƻǳƴŘŀǊȅΣ ǊŜŦŜǊ ǘƻ ǘƘŜ ǊŜǇƻǊǘ ǘƛǘƭŜŘ άb/ LƴƭŜǘ IŀȊŀǊŘ 
!ǊŜŀ όLI!ύ 9Ǌƻǎƛƻƴ wŀǘŜ ϧ {ŜǘōŀŎƪ CŀŎǘƻǊǎΥ нлнр ¦ǇŘŀǘŜΦέ 

 

Ocean 
Erodible 

Area 
(OEA) 

2025  2020 2013 2004 1997 1986 1983 1980 

SBF = 2 2 2 2 2 2 2 2 2 

 

Table 4.  This table compares setback factors from this study to those from previous studies. The 2025 values are 
derived from erosion rates calculated using the least squares regression method. 

 

 

3.2 Ocean Isle Beach 
 

Ocean Isle Beach features a low-sloping, south-facing shoreline spanning approximately 5.7 

miles.  Since 1974, the oceanfront shoreline has undergone varying degrees of beach 
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nourishment.  The first large-scale nourishment project, exceeding 300,000 cubic yards, took 

place in 2001 as part of the Federal Coastal Storm Damage Reduction (CSDR) initiative between 

transects 180 and 284.  This was followed by routine maintenance in 2006, 2009, 2014, 2018, 

2021, and 2022 across different sections of the same area.  Additionally, a terminal groin was 

installed in 2022 to address high erosion rates at Shallotte Inlet.  While the structure is designed 

to reduce erosion on its western side, further time and data are required to fully evaluate its 

effectiveness. 

The analysis assessed twenty-nine shorelines along this oceanfront section over an 87-year 

period, from 1933 to 2020 (Figure 15).  Since 2001, shoreline positions have been artificially 

influenced by regular beach nourishment.  The shoreline envelope, representing the extent of 

movement along each transect, ranged from a minimum of 115 feet (oceanfront) to a maximum 

of 1,847 feet (inlet), with an average of 383 feet for the entire shoreline between Tubbs and 

Shallotte Inlets.  However, within the oceanfront area between the 2025 proposed updated Inlet 

Hazard Areas, specifically between transects 136 and 270, the shoreline envelope varied from 

114 to 335 feet, averaging 244 feet. This contrast highlights the differing influences of oceanfront 

and inlet dynamics on shoreline position.  For these same areas, the calculated average relative 

standard deviation of shoreline position was 108 feet overall and 68 feet for the oceanfront 

section alone.  Of the 5.7 miles of shoreline analyzed, approximately 2.1 miles (37%) resulted in 

measured erosion where rates averaged -4.4 feet per year adjacent to Tubbs and Shallotte Inlets. 

For comparison, both the end-point and least squares regression methods produced similar 

results.  The end-point method indicated an average shoreline change of less than 1 foot per 

year, while the least squares regression method yielded a similar rate of less than 1 foot per year.  

Within the oceanfront area between the 2025 proposed IHA boundaries (transects 136 to 270), 

the end-point method calculated an average change of 1.4 feet per year, whereas the least 

squares regression method estimated 1.7 feet per year (Figure 16).  Both approaches result in a 

blocked erosion rate setback factor of two (2), consistent with previous studies for this section 

of shoreline. 
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Adopting the least squares regression methodology offers a more accurate representation of 

long-term shoreline movement; however, it does not impact on the updated setback factors 

compared to previous studies.  Using this approach, the calculated setback factors for Ocean 

LǎƭŜΩǎ ƻŎŜŀƴŦǊƻƴǘΣ ōŜǘǿŜŜƴ ǘƘŜ нлнр ǇǊƻǇƻǎŜŘ ǳǇŘŀǘŜŘ LƴƭŜǘ IŀȊŀǊŘ !ǊŜŀǎ όŀǇǇǊƻȄƛƳŀǘŜƭȅ 

transects 136 to 270), remain at two feet per year, with no increases (Figure 15 to Figure 20, and 

Table 5).  For setback factors within the proposed updated Inlet Hazard Area, refer to the report 

titled NC Inlet Hazard Area (IHA) Erosion Rate & Setback Factors: 2025 Update. 

 

 

Figure 15. Shorelines included in the analysis: 1933, 1938, 1944, 1954, 1958, 1961, 1970, 1974, 1975, 1980, 1981, 
1987, 1990, 1992, 1993, 1997, 1998, 2000, 2001, 2003, 2004, 2006, 2008, 2009, 2010, 2012, 2016, 2019, and 2020. 

 

 

 

 



41 
 

 

Figure 16. This graph compares erosion rates calculated using least squares regression (blue line) and end-point 

(dashed red line). 
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Figure 17. This map image illustrates the shoreline envelope at each transect, showing the area between the most 
oceanward and landward shorelines, labeled with erosion rates. Green lines indicate areas where accretion is 
measured, while red lines represent areas where erosion is measured using least squares regression. 

 

 

Figure 18. This graph illustrates shoreline change rates measured at each transect, with green bars representing 

areas of accretion and red lines indicating areas of erosion. 
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Figure 19. This graph illustrates shoreline change rates (erosion and accretion) and blocked rates (setback factors) 
calculated at each transect.  Black cross points represent raw rates, the solid blue line shows the smoothed rates, and 
the gray area represents the blocked rates (setback factors).  For setbacks within the proposed updated IHA 
ōƻǳƴŘŀǊȅΣ ǊŜŦŜǊ ǘƻ ǘƘŜ ǊŜǇƻǊǘ ǘƛǘƭŜŘ άb/ LƴƭŜǘ IŀȊŀǊŘ !ǊŜŀ όLI!ύ 9Ǌƻǎƛƻƴ wŀǘŜ ϧ {ŜǘōŀŎƪ CŀŎǘƻǊǎΥ нлнр ¦ǇŘŀǘŜΦέ 
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Figure 20. This map illustrates the erosion rate setback factors within the Ocean Erodible Area at Ocean Isle.  For 
setbacks within the proposed updated IHA ōƻǳƴŘŀǊȅΣ ǊŜŦŜǊ ǘƻ ǘƘŜ ǊŜǇƻǊǘ ǘƛǘƭŜŘ άb/ LƴƭŜǘ IŀȊŀǊŘ !ǊŜŀ όLI!ύ 9Ǌƻǎƛƻƴ 
wŀǘŜ ϧ {ŜǘōŀŎƪ CŀŎǘƻǊǎΥ нлнр ¦ǇŘŀǘŜΦέ 

 

Ocean 
Erodible 

Area 
(OEA) 

2025  2020 2013 2004 1997 1986 1983 1980 

Setback 
Factor 
(SBF) 

2 2 2 2 2 2, 3 2 2 

 

Table 5. This table compares setback factors from this study to those from previous studies. The 2025 values are 
derived from erosion rates calculated using the least squares regression method. 
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3.3 Holden Beach 
 

Holden Beach is considered low sloping and a south-facing, with approximately 8.0 miles of 

oceanfront shoreline.  The first large-scale beach nourishment, involving over 300,000 cubic 

yards of sand, took place in 2001 as part of the Federal Coastal Storm Damage Reduction (CSDR) 

project between transects 395 and 542, and has been followed by routine maintenance efforts 

in 2006, 2009, 2014, 2018, 2021, and 2022 along various portions of the same section of 

shoreline.   

The analysis assessed twenty-four shorelines (Figure 21) along this oceanfront section over an 

87-year period, from 1933 to 2020.  Since 2001, shoreline positions have been artificially 

influenced by regular beach nourishment.  The shoreline envelope, representing the extent of 

movement along each transect, ranged from a minimum of 109 feet (oceanfront) to a maximum 

of 1,619 feet (inlet), with an average of 357 feet for the entire shoreline between Shallotte and 

Lockwood Folly Inlets.  However, within the oceanfront area between the 2025 proposed 

updated Inlet Hazard Areas, specifically between transects 370 and 537, the shoreline envelope 

varied from 109 to 362 feet, averaging 179 feet. This contrast highlights the differing influences 

of oceanfront and inlet dynamics on shoreline position.  For these same areas, the calculated 

average relative standard deviation of shoreline position was 103 feet overall and 49 feet for the 

oceanfront section alone.  Of the 8.0 miles of shoreline analyzed, approximately 5.5 miles (69%) 

resulted in measured erosion where rates averaged less than -2 feet per year. 

For comparison, both the end-point and least squares regression methods produced similar 

results (Figure 22).  The end-point method indicated an average shoreline change of less than 1 

foot per year, while the least squares regression method yielded a similar rate of less than 1 foot 

per year.  Within the oceanfront area between the 2025 proposed IHA boundaries (transects 370 

to 537), the end-point method calculated an average change less than 1 foot per year, and the 

least squares regression method estimated less than 1 foot per year.  Both approaches measured 

erosion rates between -2.4 and -2.8 feet per year within the OEA, leading to a blocked erosion 



46 
 

rate setback factor of two (2), which is consistent with previous studies for most of the same 

section of shoreline.  

Adopting the least squares regression methodology offers a more accurate representation of 

long-term shoreline movement.  For most of the shoreline (between transects 370 and 518) the 

updated setback factors continue to be 2 feet per year making it consistent with previous studies; 

however, for the section approaching the Lockwood Folly Inlet 2025 proposed updated IHA 

boundary, between transects 319 and 519), the setback factors will decrease from 3 and 4 to 2 

feet per yearΦ  ¦ǎƛƴƎ ǘƘƛǎ ŀǇǇǊƻŀŎƘΣ ǘƘŜ ŎŀƭŎǳƭŀǘŜŘ ǎŜǘōŀŎƪ ŦŀŎǘƻǊǎ ŦƻǊ hŎŜŀƴ LǎƭŜΩǎ ƻŎŜŀƴŦǊƻƴǘΣ 

between the 2025 proposed updated Inlet Hazard Areas (approximately transects 370 to 537), 

remain at two feet per year (Figure 23 to Figure 26 & Table 6).  For setback factors within the 

proposed updated Inlet Hazard Area, refer to the report titled NC Inlet Hazard Area (IHA) Erosion 

Rate & Setback Factors: 2025 Update. 

 

 

Figure 21.  Shorelines included in the analysis (1933-2020) at Holden Beach. 
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Figure 22. This graph compares erosion rates calculated using least squares regression (blue line) and end-point 
(dashed red line). 
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Figure 23. This map image illustrates the shoreline envelope at each transect, showing the area between the most 
oceanward and landward shorelines, labeled with erosion rates. Green lines indicate areas where accretion is 
measured, while red lines represent areas where erosion is measured using least squares regression. 

 

 

 

Figure 24. This graph illustrates shoreline change rates measured at each transect, with green bars representing 
areas of accretion and red lines indicating areas of erosion. 
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Figure 25. This graph illustrates shoreline change rates (erosion and accretion) and blocked rates (setback factors) 
calculated at each transect. Black cross points represent raw rates, the solid blue line shows the smoothed rates, and 
the gray area represents the blocked rates (setback factors). 
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Figure 26. This map illustrates the erosion rate setback factors within the Ocean Erodible Area at Holden Beach.  For 
setbacks within the proposed updated IHA ōƻǳƴŘŀǊȅΣ ǊŜŦŜǊ ǘƻ ǘƘŜ ǊŜǇƻǊǘ ǘƛǘƭŜŘ άb/ LƴƭŜǘ IŀȊŀǊŘ !ǊŜŀ όLI!ύ 9Ǌƻǎƛƻƴ 
wŀǘŜ ϧ {ŜǘōŀŎƪ CŀŎǘƻǊǎΥ нлнр ¦ǇŘŀǘŜΦέ 

 

 

Ocean 
Erodible 

Area 
(OEA) 

2025  2020 2013 2004 1997 1986 1983 1980 

Setback 
Factor 
(SBF) 

2 2,3 & 4 
2, 2.5, & 

3.5 

2, 3, 4, 5, 

& 6.5 
2 & 4 2 2 2 

 

Table 6. This table compares setback factors from this study to those from previous studies. The 2025 values are 
derived from erosion rates calculated using the least squares regression method. 
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3.4 Oak Island 

 

The Town of Oak Island has a south-facing beach with approximately 9.3 miles of oceanfront 

shoreline.  The Town installed its first large-scale beach nourishment project in 2001 where the 

western end of the project tapered off in the area just inside the proposed 2025 IHA boundary, 

approximately at transect 600.  In 2019 and 2022, beneficial use of dredged material from the 

ƛƴƭŜǘΣ !L²² ŎǊƻǎǎƛƴƎ ŀƴŘ ŜŀǎǘŜǊƴ ŎƘŀƴƴŜƭ ǿŀǎ ŎƻƳǇƭŜǘŜŘ ōȅ ǘƘŜ ¦{!/9Ωǎ ƴŀǾƛƎŀǘƛƻƴ ƛƴƛǘƛŀǘƛǾŜǎ 

resulting in material being placed along the western end of Oak Island stopping short of 

Lockwood Folly Inlet at near transect 577.  Since 2001, several small-scale maintenance projects 

occurred in 2009, 2016, 2017, 2018, and 2019 for various segments of shoreline within the initial 

large-scale project area. 

The analysis assessed thirty-five shorelines (Figure 27) along this oceanfront section over an 87-

year period, from 1933 to 2020.  Since 2001, shoreline positions have been artificially influenced 

by beach nourishment for portions of the beach.  The shoreline envelope, representing the extent 

of movement along each transect, ranged from a minimum of 88 feet (oceanfront) to a maximum 

of 1,891 feet (inlet), with an average of 272 feet for the entire shoreline between Lockwood Folly 

Inlet ŀƴŘ ǘƘŜ ¢ƻǿƴΩǎ ŜŀǎǘŜǊƴ ƭƛƳƛǘ near transect 869.  Focusing specifically on the OEA, between 

transects-609 and -869, the shoreline envelope varied from 88 to 381 feet, averaging 218 feet. 

This contrast highlights the differing influences of oceanfront and inlet dynamics on shoreline 

position.  For these same areas, the calculated average relative standard deviation of shoreline 

position was 66 feet overall and 55 feet for the oceanfront section alone.  Of the 9.3 miles of 

shoreline analyzed, approximately 3.0 miles (32%) resulted in measured erosion where rates 

averaged less than -2 feet per year. 

For comparison, both the end-point and least squares regression methods produced similar 

results (Figure 28).  The end-point method indicated an average shoreline change of less than 1 

foot per year, while the least squares regression method yielded a similar rate of less than 1 foot 

per year.  Within the oceanfront area between transects 609 and 869, the end-point method 

calculated an average change less than 1 foot per year, and the least squares regression method 
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estimated to be less than 1 foot per year.  Both approaches measure erosion rates less than 2 

feet per year within the OEA, leading to a blocked erosion rate setback factor of two (2), which is 

consistent with previous studies for most of the same section of shoreline.  

Adopting the least squares regression methodology offers a more accurate representation of 

long-term shoreline movement.  For most of the shoreline (between transects-609 and -869) the 

updated setback factors continue to be 2 feet per year making it consistent with the previous 

two studies (2020 and 2013); but it is lower in comparison to setback factors calculated for 

studies before 2013 (2004, 1997, 1986, 1983, and 1980) ƻƴ ǘƘŜ ¢ƻǿƴΩǎ ŜŀǎǘŜǊƴ end between 

approaching SE 70th Street near transect 829.  Using this method, the calculated setback factors 

for hŀƪ LǎƭŀƴŘΩǎ h9!, between transects 609 and 869, remain at two feet per year (Figure 29 to 

Figure 32 & Table 7).  For setback factors within the proposed updated Inlet Hazard Area, refer 

to the report titled NC Inlet Hazard Area (IHA) Erosion Rate & Setback Factors: 2025 Update. 

 

 

Figure 27. Shorelines included in the analysis (1933-2020) at Oak Island. 
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Figure 28. This graph compares erosion rates calculated using least squares regression (blue line) and end-point 
(dashed red line). 
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Figure 29. This map image illustrates the shoreline envelope at each transect, showing the area between the most 
oceanward and landward shorelines, labeled with erosion rates. Green lines indicate areas where accretion is 
measured, while red lines represent areas where erosion is measured using least squares regression. 

 

 

Figure 30. This graph illustrates shoreline change rates measured at each transect, with green bars representing 
areas of accretion and red lines indicating areas of erosion. 
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Figure 31. This graph illustrates shoreline change rates (erosion and accretion) and blocked rates (setback factors) 
calculated at each transect. Black cross points represent raw rates, the solid blue line shows the smoothed rates, and 
the gray area represents the blocked rates (setback factors). 
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Figure 32. This map illustrates the erosion rate setback factors within the Ocean Erodible Area at Oak Island.  For 
setbacks within the proposed updated IHA ōƻǳƴŘŀǊȅΣ ǊŜŦŜǊ ǘƻ ǘƘŜ ǊŜǇƻǊǘ ǘƛǘƭŜŘ άb/ LƴƭŜǘ IŀȊŀǊŘ !ǊŜŀ όLI!ύ 9Ǌƻǎƛƻƴ 
wŀǘŜ ϧ {ŜǘōŀŎƪ CŀŎǘƻǊǎΥ нлнр ¦ǇŘŀǘŜΦέ 

 

Ocean 
Erodible 

Area 
(OEA) 

2025  2020 2013 2004 1997 1986 1983 1980 

Setback 
Factor 
(SBF) 

2 2 2 
2, 3, 4, & 

5 

2, 3, 4.5 

& 6 
2, 3, & 5 

2, 3, 3.5, 

4, & 5 
2 & 5 

 

Table 7. This table compares setback factors from this study to those from previous studies. The 2025 values are 
derived from erosion rates calculated using the least squares regression method. 
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3.5 Caswell Beach and Fort Caswell 
 

Caswell Beach and Fort Caswell have combined oceanfront shorelines totaling 3.5 miles.  The 

Town is a recipient of sediment placed by the USACE through the Wilmington Harbor Sand 

Management Plan (SMP).  In 2009, the Town received its first large-scale beach fill project along 

most of its oceanfront shoreline, followed by maintenance projects in 2018 and 2021. 

The analysis assessed thirty-five shorelines (Figure 33) along this oceanfront section over an 86-

year period, from 1934 to 2020.  Since 2009, shoreline positions have been artificially influenced 

by beach nourishment for portions of the beach.  The shoreline envelope, representing the extent 

of movement along each transect, ranged from a minimum of 228 feet (oceanfront) to a 

maximum of 3,026 feet (inlet), with an average of 399 feet for the entire shoreline between 

¢ƻǿƴΩǎ western limit near transect 869 to the Cape Fear Inlet.  This contrast highlights the 

differing influences of oceanfront and inlet dynamics on shoreline position.  For the same area, 

the calculated average relative standard deviation of shoreline position was 95 feet.  Of the 3.5 

miles of shoreline analyzed, approximately 4,000 feet (19%) resulted in measured erosion where 

rates averaged less than -2 feet per year. 

For comparison, both the end-point and least squares regression methods produced similar 

results (Figure 34).  The end-point method indicated an average shoreline change of +2 feet per 

year, and the least squares regression method yielded a similar rate of +2 feet per year also.  Both 

approaches measure erosion rates less than 2 feet per year within the OEA, leading to a blocked 

erosion rate setback factor of two (2), which is consistent with previous studies for most of the 

same section of shoreline.  

Adopting the least squares regression methodology offers a more accurate representation of 

long-term shoreline movement.  The updated setback factors continue to be 2 feet per year 

making it consistent with the previous two studies (2020 and 2013); but it is lower in comparison 

to setback factors calculated for studies before 2013 (2004, 1997, 1986, 1983, and 1980) on the 

TownΩǎ western end between transect 869 and 911 along Caswell Beach Road.  Using this 
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method, the calculated setback factors for Caswell Beach and Fort Caswell, between transects 

869 and 981, remain at two feet per year (Figure 35 to Figure 38 & Table 8). 

 

 

Figure 33. Shorelines included in the analysis (1934-2020) at Caswell Beach and Fort Caswell. 
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Figure 34. This graph compares erosion rates calculated using least squares regression (blue line) and end-point 
(dashed red line). 
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Figure 35. This map image illustrates the shoreline envelope at each transect, showing the area between the most 
oceanward and landward shorelines, labeled with erosion rates. Green lines indicate areas where accretion is 
measured, while red lines represent areas where erosion is measured using least squares regression. 

 

 

 

Figure 36. This graph illustrates shoreline change rates measured at each transect, with green bars representing 
areas of accretion and red lines indicating areas of erosion. 
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Figure 37. This graph illustrates shoreline change rates (erosion and accretion) and blocked rates (setback factors) 
calculated at each transect. Black cross points represent raw rates, the solid blue line shows the smoothed rates, and 
the gray area represents the blocked rates (setback factors). 
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Figure 38. This map illustrates the erosion rate setback factors within the Ocean Erodible Area at Caswell Beach and 
Fort Caswell.   

 

 

Ocean 
Erodible 

Area 
(OEA) 

2025  2020 2013 2004 1997 1986 1983 1980 

Setback 
Factor 
(SBF) 

2 2 2 2 & 3.5 2 & 4 2 & 4 2 & 3.5 2 & 5 

 

Table 8. This table compares setback factors from this study to those from previous studies. The 2025 values are 
derived from erosion rates calculated using the least squares regression method. 
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3.6 Bald Head Island (South-Beach) 
 

.ŀƭŘ IŜŀŘ LǎƭŀƴŘΩǎ άǎƻǳǘƘ-ōŜŀŎƘέ ƛǎ ǘƘŜ ƭŀǎǘ ǎƻǳǘƘ-facing shoreline in Brunswick County just 

before transitioning to east-facing beaches at Cape Fear.  This 3.2-mile oceanfront shoreline has 

a history of being very dynamic as it is heavily influenced by inlet and cape processes, erosion 

mitigation efforts, and engineering practices (dredging, sandbags, terminal groin, groin tubes and 

beach nourishment).  Starting in 1991 the Town installed its first small-scale beach fill project, 

followed by fourteen subsequent projects from 1996 to 2023.  The Town installed its first large-

scale beach fill project along its south-beach in 2007. 

Since 1994, various erosion mitigation efforts have supplemented beach nourishment along 

south-beach, specifically adjacent to the Cape Fear Inlet.  These began with the installation of a 

sandbag revetment, followed by the placement of sixteen soft groins (geotextile sandbag tubes) 

in 1996, along with ongoing rehabilitation and replacement efforts.  Then a rock terminal groin 

was added in 2015, and in 2019, the remaining thirteen original geotextile sandbag tubes were 

removed and replaced.  Collectively, these measures, along with routine beach nourishment, 

appear to have slightly reduced erosion rates along the approximately half mile stretch at the 

west end of South Beach compared to earlier studies. 

The analysis assessed twenty-two shorelines (Figure 39) along this oceanfront section over an 

86-year period, from 1934 to 2020.  Since 1991, shoreline positions have been artificially 

influenced by beach nourishment and erosion mitigation efforts for portions of the beach.  The 

shoreline envelope, representing the extent of movement along each transect, ranged from a 

minimum of 239 feet (oceanfront) to a maximum of 1,355 feet (cape), with an average of 579 

ŦŜŜǘ ŦƻǊ ǘƘŜ ŜƴǘƛǊŜ ǎƘƻǊŜƭƛƴŜ ōŜǘǿŜŜƴ ¢ƻǿƴΩǎ ǿŜǎǘŜǊƴ ƭƛƳƛǘ ƴŜŀǊ Cape Fear Inlet to its eastern end 

at Cape Fear.  This contrast highlights the differing influences of oceanfront and both inlet and 

cape dynamics on shoreline position.  For the same area, the calculated average relative standard 

deviation of shoreline position was 159 feet.  Of the 3.2 miles of shoreline analyzed, nearly all 3.1 

miles (97%) resulted in measured erosion where rates averaged approximately -4 feet per year. 
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A comparison of the end-point and least squares regression methods showed slight differences 

in results (Figure 40).  The end-point method indicated an average shoreline change of -2 feet 

per year (ranging from -13 to +5 feet per year) and calculated setback factors between 2 and 11 

feet per year.  In contrast, the least squares regression method produced an average change of -

4 feet per year (ranging from -9.8 to +4 feet per year) with setback factors between 2 and 9.5 

feet per year.  While some variations were observed between the two methods, the results align 

with previous studies and remain consistent for most of the same shoreline section given the 

engineering practices and dynamic cape and inlet influences on shoreline position. 

Adopting the least squares regression methodology provides a more accurate representation of 

long-term shoreline movement.  The updated setback factors, ranging from 2 to 9.5 feet per year, 

remain consistent with previous studies (2020, 2013, 2004, 1997, and 1986).  Along South Beach, 

starting at Cape Fear Inlet and moving west toward Cape Fear, erosion setbacks progress as 

follows: 3.5 feet per year at the eastern end, increasing to 6.5 feet per year at transect-992, 

decreasing to 4.0 feet per year at transect 1001, 2.0 feet per year at transect 1009, then 

increasing again to 3.5 feet per year at transect 1047, 5.0 feet per year at transect 1055, 6.5 feet 

per year at transect 1063, 8.5 feet per year at transect 1071, and reaching 9.5 feet per year at 

transect 1079 near Cape Fear.  Compared to the current effective setback factors (2020), the 

areas between transects 984.2 and 1008, as well as transects 1047 and 1054, will experience an 

increase of 0.5 to 1 foot per year (Figure 39 to Figure 44 & Table 9). 
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Figure 39. Shorelines included in the analysis (1933-нлнлύ ŀǘ .ŀƭŘ IŜŀŘ LǎƭŀƴŘΩǎ {ƻǳǘƘ-Beach. 

 

 

 


