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The shoreline changates (erosion rates) documented in this report represent the outcome of

a coordinated technical analysis conducted by the North Carolina Division of Coastal

al ylFr3asYySyid Ay LI NIGYSNBKALI 6A0K GKS /2Fadlf wS
CoastaHazards.These rates, derived through rigorous geospatial and statistical methodologies,
directly informed the recalibration of inldtased erosion setback factors and served as a

foundational dataset for delineating the revised 2025 Inlet Hazard Areas (IHAS).

Summary

Since 1979, the North Carolina Division of Coastal Management (NC DCM) has utilizechiong
erosion data to calculate oceanfront construction setbacks and establish landward boundaries
for Ocean Erodible Areas of Environmental Concérhese rates are derived from changes in
shoreline position, employing th&east squaregegressionmethod. This approach reflects
historical shoreline change trends rather than modeling or predicting future changes or shoreline

locations.

Historically, due to limited data and resources, setback factors for Inlet Hazard Areas (IHAs) have
been based on those of adjacent Ocean Erodible Areas, as specified in Rule 15A NCAC 07H.0310.
However, shoreline change at inlets can occur more rapidly and dramatietdlyve to the
oceanfront, often over short time periodsAs a result, the setback factors may underestimate

the true erosion dynamics of these areas.

With advancements in Geographic Information Systems (GIS) technology and the availability of
more comprehensive and highly accurate shoreline datasets, NC DCM is transitioning from the
end-point method to the leassquares regression method:his updated approach incorporates

multiple shoreline positions, providing a more robust analysis of erosion trends.

While some property owners near inlets may see no changes to their erosion rate setback factors,

others may experience increasel.is important to note that theseipdatedsetback factors are



determined based on inlespecific erosion rates, rather than those of the adjacent Ocean

Erodible Areas.
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1.0 Introduction

Inlet Hazard Areas (IHAsS) are one of three Areas of Environmental Concern (AEC) within the
broader Ocean Hazard Area systerSince 1979, construction setbacks within IH&g the
setback factofrom its adjacent Ocean Erodible AEC (oceanfrastspecified in Rule 15A NCAC
07H.0310 which have been calculatebased on oceanfront shoreline lottgrm change
methodology (enepoint) and data from two shorelines.However, this method may not

accurately reflect erosion hazardsthin inlet areas

LY HAMPE GKS /2FaGlrf wSaz2dz2NOSa /2YYAaaAirzyQa
North Carolina Division of Coastal Management (DCM), presented findings from the study titled
dnlet Hazard Area Boundary, 2019 Update: Science Panel Recommendations to the North
Carolina Coastal Resources Commisgiéiihat study aimed to develop methods for analyzing

inlet shoreline changes and to provide the CRC with inlet erosion rates and updated IHA
boundaries for ten active, developed tidal inlets in Nortlrdllaa, including Tubbs, Shallotte,
Lockwood Folly, Carolina Beach, Masonboro, Mason, Rich, New Topsail, New River, and Bogue

Inlets(Figurel).
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Figurel. Study areas include (south to north): Tubbs, Shallotte, Lockwood Folly, Carolina Beach, Masonboro, Mason,
Rich, New Topsail, New River, and Bogue Inlets. At least one side of each inlet is developed.

Although the erosion rates from this study were not implemented, the current update proposal
FfAIdya gAGK OKEmzakigeyairNd ¢rasdd raté anyg @htroduces newly
proposed updates to the Inlet Hazard Area boundaReS TAY SR Ay GKS ohw/ Q&
Coastal Hazards 2B2reportT Inlét Hazard Area Boundary, 2B Update: Science Panel

Recommendations to the North Carolina Coastal Resources Comraission

NC DCM is proposing inlet setback factors calculated using inlet shoreline changenrites
IHAs



2.0 Methods

Since 1979, DCM has calculated lbeign oceanfront shoreline change (erosion and accretion)
using the enepoint method. This approach focuses on the change in shoreline position between
the earliest and most recent recorded shoreliné&hile useful for providing an overall picture

of longterm shoreline movement, the method does not account for significant stearh
fluctuations that may occur between those points in time, which can influence local shoreline
behavior and differ from longerm trends This limitation is particularly evident in inlet
shorelines, where constant movement, tidald storminfluences, and sediment transport cause
frequent position changes. The dynamic nature of these areas makes theagmdmethod less

effective in accurately capturing the shoreline's behavioestimatingfuture trends.

To address this complexity in the current stuthast squares regressiomas employed. This
statistical technique analyzes multiple shoreline positions over time, offering a more nuanced
GASE 2F (KS &aK2 NEB ttemny teema(Th@lerdal, B0DX)BY incdbrpdrayiig a f 2 y 3
broader dataset, least squares regression provides a more reliable and comprehensive analysis
of shoreline dynamics, especially in regions affected by the unpredictable behavior of riets.
approach allows for betteunderstandingof erosion and accretion patterns and offers insights

that can inform coastal management strategies

Shoreline dta were analyzed usin® { w Ar€Pa® 3.x and ArcMapg® 10.8x Geographic
Information System (GIS)y R | ®{ ® DS 2 2 ADidghtal ShorglideNIFdysiKSystem! { D{
(DSASYersiors 51 and6.0. Geographic Information Systems (GIS) asophisticatedsuite of

tools used to capture, store, analyze, manage, and visualize spatial or geographicTtata.

combine layers of information about a location to help understand patterns, relationships, and

trends.

The U.S. Geological Survey's (USOi§jal Shoreline Analysis SystéBSAS) is a specialized
spatial analysisool designed to calculate shoreline changes, including erosion and accretion
rates. It tracks shoreline movement over time by analyzing both historical and recent dag.

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-tepiires regression line through all
shoreline points for each transect, estimating the average rate of change.

c. Weighted Linear Regression (WLURkeLRR, 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.

2.1 Shoreline Data

5/ aQa 3ANRgAY3d RIGIOI&AS 2F 20SHYFNRY(d YR Ayf!
many different approaches to be tried and tested. Most of the shorelines used were mapped

using historic orthophotography to digitize the wety line Figure2), considered a proxy for the



Mean High Water (MHW) lin@ hree shorelines represented the location of MHM¥her derived
from lidar (1997 and 2004), or NOSSheets (either from the 1930s or 1940sjwo studies
carried out by DCM (Limber et al., 2007a; 2007b) indicated that thedielaved MHW line could

be used interchangeably with the wdty shorelines.

Although shoreline data existed between 1930 and 2022, the temporal focus here is on shorelines

between 1970 and 2022 for several reasons:

1 The 1930 to 1940 shorelines were excluded at most inlets because of uncertainties on the
hydrodynamics at each inlet associated with the construction and maintenance dredging
of the Atlantic Intracoastal Waterway (AIWW) and other waterways. This spdgifical
affected the inlets in the southern portion of the State, where one to four shorelines were
excluded.

1 Shorelines based on photography taken immediately or within one year after major
storms or beach nourishment projects weaeoided

1 The primary imagery used were N€aartment of Transportation (DO$horeline images
between 1970 and 20Q@&nd post2000 imagescquired from a variety of agencies (USDA
NAIP, NOAAUSGS, & NC Emergency Management).

These criteria resulted in the number of shorelines used, ranging between 10 and 24 at each inlet.
Oceanfront and inlet shorelines were analyzed along a series of numbered;s@endicular

transects spaced at 2%eter (82F 2 2 1 0 A y (i S NXDigitah Shatgilirfe YArmhlysjs SYBtEM a
05{!' {0 6AGK 9{wLQa ! NODL{® 5dz2§ (2 0KS OdzNBI {c
from the oceanfront into the inlet throat, transects were cast from an onshore baseline to create

radial transects that retaied shoreperpendicular orientation and spacing. Radial transects were

used to compute shoreline changes inside the inlet.



Interpreting the

“wet-dry” shoreline [
using imagery 8

Figure2. Interpretation of the "wetdry" shoreline using orthophotography.

2.2 Transects (25-Meter)

Shoreline positions along oceanfront were assessed using a series of numbered trémsects
are generallyperpendicular to the shore and spaced 2&-meter intervals and b ensure a
consistent shorelingperpendicular orientation and spacing, transects were extended from an
onshore baselindFigure3). This alignment followed the overall positional trend of shoreline
locations, particularly where the inlet shorelines curved from the oceanfront to the inlet throat.
This approach was crucial for best capturing the complex geometries and variations ilinghore
shape, allowing for accurate analysis of coastal inlet dynamics where the inlet's curvature a
spatial disbursement introduced significant variability. At each intersection between shorelines
and transects, shoreline change rates, and additioratistical measures were computed. The
Fylrteaira dziaAfAl SR GKS !'{ DS2t23A0Ff {dzZNBSeQa
(Thieler et al., 2009) in conjunction with ESRI's ArcGIS.
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Figure3. This map illustrates an example of castingMéter transects (yellow line) from an onshore baseline (red
line) that follows the general trend of shoreline positions.

Future update studies are advised to reassess baselines and transects and recasting them if
needed to ensure that any newly added shorelines in subsequent analyses remain seaward of
the baseline. This will ensure that transects intersect each shorelinernwetbe, any missed

shorelinetransect intersections will be excluded from the analysis.

2.3 Shoreline Change Ratesinear RegressionLeast Squarefkegression)

DCM has calculated losigrm oceanfront shoreline change (erosion/accretion) rates since 1979
using the enepoint method, which is based on the change between the earliest and most recent
dates. Any shortterm change between those dates, no matter how significant, is not directly

captured. Because inlet shorelines are constantly moving and fluctuating in position, the end
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point method is less effective in capturing the dynamics of an inlet or for quantifying its long

term trends. Insteadleast squaresegression, a statistical measure using multiple shorelines,
was used for this study (Thieler et al., 2009).

At each transect, there are a series of shorelrasect intersections that represent the
AK2NBt AySQa LI @ijuied) A gast BdudNgs wReykessiobineaSregressiolLRR)
minimizes the distance between the known values (actual shoreline posititinsy a least
squares regression line through all shoreline points for each transect, estimating the average rate

of changgFigure5). The slope of this line is theast squares regressiaf shoreline change or

the local erosion or accretion rate.
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Figure4. This map illustrates an example of radial transects (green and red lines) and point locations
where shorelines intersect transects.
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Figureb. 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 othis methodinclude (Dolan et al., 1991):

1 All daa can beused, regardless of changes in trend.

1 The method is purely computational.

1 The calculation is based on accepted statistical concepts.
1

The method is easy to employ.

Although the ¢ast squars 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 thepemt rate (Dolan et

al., 1991; Genz et al., 2007)lo exclude outlier dataprecautions were takeim this studyto
avoid shorelineshat reflect influences causeldy a major storm event or beach nourishment
However, given thathe practice of beach surishmenthas become drequently occurring

common practiceavoidance ofhese shorelines is not alwapsssible
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Once computed, the linear regression rate was then smoothed usingteadSect running
average alongshore. This follows the blocking computation historically used for the oceanfront

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

2.4 Shoreline Change Rates: Smoothing

Smoothing raw data has been applied in all oceanfront shoreline position change studies since
1979 andsenesas a method ofemovinghighfrequency variations or noise, thereby highlighting
the underlying trends and patterns. By doing so, stiertn dynamic shoreline phenomena such
as beach cusps, smaller sand waves, and the incorporation of landward migrating portions of

offshore barsystems are effectively filtered ouEigure6).
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Figure6. This image shows an example of beach cusps and nearshore sandbars relativadtei50
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 feetir 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-@wanging nature of

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

transport.

Sandlars, another prominent coastal feature, typically measuorere than300 feet in length.

These structures undergo migration and attachment processes, which unfold over time periods

15



ranging from seasons to years (Davis, 1978)e 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 resilieridgespite their size, capes

and similar features are not permanently anchored to a single locafltrey can migrate along

the shoreline, shaped by continuous interactions with natural forces like currents, wind, and
wave energy.This movement further llistrates 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 trdeseach spaced 25
meters apart, covering approximately 0.25 miles of shorelifie.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 eithédes).

As thealgorithmapproacheghe inlet at the last 17 transectsthe number of transects usdd
calculatethe average is reduced by two, dropping one from each side of the centeaprdect
until the end is reachedFor 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.

R=2xT+T)/3

Rs = smoothed rate
T1 = erosion rate at last transect adjacent to the inlet

T, = erosion rate at second to last transect adjacent to inlet

16



As shown irrigure?, 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 tinseries data. Its effectiveness in tleestudies is
largely due to the equal spacing between transects, making itsuékd for capturing consistent

shoreline change patterns.

Shoreline Change Rates: Raw, Smooth, & Blocked Setback Factors (SBF)

20.0
15.0

10.0
5.0

OO: TTTTTTT g
- ©O ©
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-10.0 |
] Approaching Inlet == = = =p
-15.0

-20.0 1
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Transects

e Rate (raw) Rate (smoothed) === SBF

Figure7. This example illustrates the raw data (black points), smoothed data (red line), and blocked
erosion setback factors (blue lindyote that in areas where erosion rates are less than 2 feet per year, or
where accretion occurs, the minimum setback factor defaults #/Bile setback factors are recorded as
positive values, they directly correspond to erosion rates, particularly when the satpass?2 ft/yr.

2.5 Shoreline Change Rates: Blocking

In late 1978 and early 1979, the North Carolina Coastal Resources Commission underteok an in
depth review and revision of the oceanfront regulations initially adopted in September 1977.
One of the most significant updates introduced during this processtiiaconcept of oceanfront

development setbacks, which wetken partially determined by the average annual letegm
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erosion rates. These rates, calculated based on transdwiped define how far inland
development should be placed to minimize risk from coastal erosWhere rates are higher,

the setbacks are greater tioelp buffer the risk

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

YSGUK2R ¢l a NBIldZANBR (G2 SadlofAakK oNBIFRSNI aSiaol

could be applied consistently across continuous coastal sectfolfowing @979 study (Tayfun

et al., 1979)t was determinedhat 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 segmerst tend to oversimplify the data, failing to reflect these localized

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

LG ol adyRE dAs8eé :wEy that this issue was addressed by decreasing the transect
spacing from the original intervals to 50 metefBhis 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 betiaformed coastal management and

development decisions.

In inlet areas, where shoreline dynamics are far more volatile than on the oceanfront, erosion
rates can change dramatically over much shorter distanc®ghile oceanfront rates typically
increase or decrease gradually over longer stretches, inlet areas require a much finer level of
detail. To capture these rapid variations, a transect spacing of 25 meters is applied in Inlet Hazard
Areas (IHAs)This smaller spacing allows for a more detailed and accurate representation of the
localized erosion patternsensuring that setback lines and management strategies are tailored

to the unique and dynamic conditions of inlets.

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. dppsoach enables more

uniform and consistanmanagement practices for sections of the shoreline that experience the

18



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 Erodilzle &md 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.

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 imprognts 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 IRtS & ONA 6 Sa (G KS LINRPOSaaszx 2NJ aNdXz S

1. DNR dzLJ af A1 Sé¢ SNRaA2Y NI (S en2dV3ywi25@6aSR 2
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 foegments dominated by a half foot value and
do not have values greater than the next highest one foot inten&ly, @@ rate segment

equal to 5.4 would be rounded to 5.0; and 5.7 wouldrbended t06.0).

2. Blocked shoreline change rate segments must be comprised of at least eight (8) transects.
In areas experiencing rapid erosion or accretieg.(approaching inlets), it is not always
possible achieve a orfeot 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 n&athe onefoot interval as feasible.
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3. In areas where blocked segments transition from one value to anothgr 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.

Based on currentl rulesl3A NCAC 0768B04(1}), segmentsof the shorelinethat 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 tBetback Factor based on blocked shoreline

change rates.

I NC Administrative Cod®&CAG)Title 15Ac Environmental Quality, Chapter 7, SGbapter0304(1)
20



3.0 Results

The followinggraphs andmaps illustrate proposed inlet setback factors calculated using inlet
shoreline change rateassociated wih 2025 Inlet Hazard Area Boundary update proposal
Where erosion rates are less than 2 feet per year, or where accretion is measured, the minimum
setback factor defaults to RuleNCAC 15A 07H.0304(1)While setback factors are recorded as
positive values, they directly correspond to erosion rates, particularly when the values surpass
2 ftlyr. For example, if a setback factor equalditen it caresponds to an areaf shorelinethat

has a longerm average annuadrosion rate ofapproximately-3 feet/year.

LiQa AYLRNIFYy(G 0 zterndAp0RSybkks)i avefdge drokidnirates 2ayf Hiffer
significantly from shorterm rates. In 2000, the U.S. Geological Survey (USGS), East Carolina
University (ECU), and the N.C. Geological Survey (NCGS) formed tta¢ Gealogy Research
Cooperative to study the coastal geology of North Carolina, from Cape Lookout to Currituck
County, and compare sheraind longterm shoreline changes. While engineering efforts like
dredging, erosion control structures, and beach risliment can affect shotterm erosion, in

North Carolina, storm intensity and frequency play a larger role in shaping-t&hortchanges.

For example, beach nourishment can artificielyer erosion rates, while storm evefrequency

and intensitycan cause higher shett SNY SNR aA 2y NI Sa GKI®@mR2y Qi

trends.

. FaSR b2NIK /FNREAYFQA Hnamdp 20SIFYFNRYG SNRAaA2
along the coast i2.1 feet per year, with a median rate €f.6 feet per year (NC DCM, 2019).

CKA&d LINPOARSA | 3ISYSNIt OASnd, bldalisttdnditotssyanl ONE A ¢
vary significantly, especially near inlet§¥hen considering all NC inleend not just those

analyzed for this studyerosion rates are much higher, with an average rat8af feet per year

and a median rate 0.7 feet per year.

| 26 SHSNE AGQa Sldzr ffe AYLRNIFYyGdG G2 NBO23IyAT S
where sand is deposited rather than erodedVhere shorelineaccretion was measured, the

average rate is 5.8 feet per year, and the median is 4.9 feet per year. This substantial buildup of
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sediment, particularly at oscillating and migrating inlets, highlights the dual nature of these
coastal zones while erosion can be 4 to 5 times higher at inlets compared to other areas,
accretion can also be far more pronounced. These rapid and sometiragsatic changes in
shoreline position underscore the highly dynamic and unpredictable nature of inlets, where
sediment can shift quickly, creating both erosion and accretigih significant potential to

reversetrends.

Althoughall oceanfront and inlet areas were analyzed, these findings focus only on the regions
within the 2025 updated Inlet Hazard AreasThe followingsections summarize erosion and

accretion for each side of each inlet

3.1 Tubbs Inlet Sunset Beach

Likely die to several factors, including the relocation of Tubbs Inlet to the northeast in 1970, the
construction of a dual jetty system at Little River Inlet to the south in 1980, and the closure of
Mad Inlet in 1997, Sunset Beach has benefited from a more airsgaliment supply.More
sediment in the system hassulted in natural accretion along the shorelirend thus far,

eliminating the need for beach nourishment.

In the 2025 updated Inlet Hazard Area, covering approximately-tmed of a mile (1,805 feet)
from transect213 to Tubbs Inlet, the analysis included sixteen shorelines from 1981 to 2020
(Figure8). The spit adjacent to the inlet channel is continuowshfting andhas more recently
extended further landward toward the northeast and contributing to significant shoaling in Jinks
Creek(Figurell). According to the measurements from this study, the average shoreline change
rate within the IHA is 6.5 feet per year (accretion), with a median of 3.5 feet pe(Kigarel0).

As a result, the erosion setback factor defaults {Fgurel?2).
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IHA Shorelines and Erosion Rates (1981-2020)
Sunset Beach at Tubbs Inlet
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Figure8. This map illustrates shorelines and erosion rates measured at each transect for the area approaching Tubbs
Inlet from the 2025 updated IHA alongshore boundary (yellow transect).

Shoreline Change Rates (feet/year) at Sunset Beach

Figure9. 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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Shoreline Change Rates: Raw, Smooth, & Blocked Setback Factors (SBF)
Sunset Beach
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Figure10. This graph displays shoreline change rates represented by raw data (black dots), smoothed trends (red
line), and blocked rates (blue line). Negative values indicate erosion, while positive values represent accretion. For
illustration purposes, the blked erosion setbacks are shown as positive but correspond to the actual erosion rate.
The default erosion setback is set to 2 where erosion is less2haet per year or where accretion occurs. The
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Figure1l. This image shows the spit at Sunset Beach extending into the inlet in a northeast direction, and the
shoaling within Jinks Creek. Photo source: Sunset Beach Environmental Resource Committee, 2024.
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2025 Inlet Hazard Area Setback Factors
Sunset Beach at Tubbs Inlet
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Figurel12. This map image illustrates 2025 inlet erosion rate setback factors in relation to the 2025 updated IHA
boundary.

For the same areinsidethe 205 updated IHA Table 1 comparesresulting erosion setback
factorsto thosemeasured anatalculated impreviousoceanfront erosion rate and setback factor
update studies Here, the application ofexistingRule 15A NCAC 07H.31€quiring the use of the
adjacent OEAas notinfluencedsetbacks. Given he generaltrend of accretionsince 1981,

setbacks$haveremaired consistentwith those calculated in previous studies

Area
Inside 2025 2020 2013 2004 1997 1986 1983 1980

IHA
SBF =2 2 2 2 2 2 2 2 2

Tablel. This table compares 2025 results to previous oceanfront erosion rate and setback factor updates.
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3.2 Tubbs Inlet: Ocean Isle

The Ocean Isle side of Tubbs Inlet has experienced varying rates of erosion. However, the
historical use of sandbag structures along the inlet's shoreline has likely reduced these rates by
temporarily stabilizing the shoreline and preventing further esasi While not within the
updated IHA, thedceanfront shoreline has been nourished to varying degrees since 19fid

first largescale(>300,000 cubic yardbeach nourishment occurred id@1as partof the Federal
Coastabtorm Damage Reductig@SDR)roject, subsequenthfollowed by routine maintenance

in 2006, 2009, 2014, 2012021 and2022.

In the 205 updated Inlet Hazard Area, covering approximatate-half mile 2,500feet) from
transect27to Tubbs Inlet, the analysis includedenty-five shorelines from 190to 2022 (Figure
13). According to the measurements from this study, the average shoreline change rate within
the IHA is1.8feet per year érosior), while rates within the inleexceed-20 feet per yea(Figure
14). As aresult, the erosion setback fact@arest the inlet is 1@nd quickly transitions to at

transect9 (Figurel6).
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IHA Shorelines a_nT’GI-Erosion Rates (1970-2022)
Oceantlsle atyiubbs Inlet
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Figure13. This map illustrates shorelines and erosion rates measured at each transect for the area approaching
Tubbs Inlet from the 2025 updated IHA alongshore boundary (yellow transect).

Shoreline Change Rates (feet/year) at Ocean Isle
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Transect

Figure 14. 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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Shoreline Change Rates: Raw, Smooth, & Blocked Setback Factors (SBF)

Ocean Isle
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Figurel15. This graph displays shoreline change rates represented by raw data (black dots), smoothed trends (red
line), and blocked rates (blue line). Negative values indicate erosion, while positive values represent accretion. For
illustration purposes, the blked erosion setbacks are shown as positive but correspond to the actual erosion rate.
The default erosion setback is set to 2 where erosion is less2haet per year or where accretion occurs. The
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NI
2025 Inlet Hazard!Atea Setback Factors
Ocean Isle Beach at Tubbs Inlet
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Figurel16. This map image illustrates 2025 inlet erosion setback factors in relation to the updated IHA boundary.

For the same arewithin the 205 updated IHATable2 compares the resulting erosion setback
factors with those from previous oceanfront erosion rates and setback fastodies Although

earlier studies haveneasuredvarious degrees of erosion near the inlet, the use of oeean
perpendicular transects ending at the inlet, combined with the application of existing Rule 15A
NCAC 07H.31@vhich requires using the adjacent Ocean Erodible Area (&8 affected the
resulting setbacksHistorically, fothe area where the setback factor is ten (SBF{E@urel6),
applying the setback factor from the adjacent OEA has consistently reduced the setback factor
to two. While the setback factor is highet is reflective of inlet erosion rates, and without the

use of sandbagi is expected that the erosiowould havea greater inpact on structures along

this section of shoreline
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Area
Inside 2025 2020 2013 2004 1997 1986 1983 1980

IHA
SBF 40 10 2 2 2 2 2 2 2

SBF =2 2 2 2 2 2 2 2 2

Table2. This table compares 2025 results to previous oceanfront erosion rate and setback factor updates.

3.3 Shallotte Inlet: Ocean Isle

The Ocean Isle side of Shallotte Inlet has faced persistent erosion, leading to the loss of property,
homes, and infrastructure. Before the completion of the terminal groin in 2022, sandbag
structures and beach nourishment efforts helped slow erosiomatr@ear the island's east end,
0K2dzZaK (KS& O2dz RYyQil Fdzffe adz2L) AGod L¥ GKS
reduce erosion rates on its west side. However, continued erosion is anticipated to persist along
the east side, near thenlet. More time and data area needetb measure longerm

performance.

The first largescale 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, and has been

followed by routine maintenance efforts in 2006, 2009, 2014, 201212@nd 2022. While
portions of sediment from some of these projects have been allocated tshioeeline within
the west side of the Inlet Hazard Area (IHA), the area closest to the inlet itself has not received

direct sediment replenishment.

In the 205 updated Inlet Hazard Area, covering approximatefgile 5,578feet) from transect
296to Shallottelnlet, the analysis included twenfive shorelines from 1970 to 202Bigurel?).
According to the measurements from this study, the average shoreline change rate within the

IHA is9.9feet per year (erosionyanging between2 and-20 feet per yeafFigures 18 &19). As
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a result, erosion setback facerange from 2 starting at transe296 andgradually increasintgp

17.5approaching the inle(Figure20).
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Ocean Isle at Shallotte Inlet
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Figure 17. This map illustrates shorelines and erosion rates measured at each transect for the area approaching
Shallotte Inlet from the 2025 updated IHA alongshore boundary (yellow transect)

Shoreline Change Rates (feet/year) at Ocean Isle
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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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Shoreline Change Rates: Raw, Smooth, & Blocked Setback Factors (SBF)

Ocean Isle
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Figure19. This graph displays shoreline change rates represented by raw data (black dots), smoothed trends (red
line), and blocked rates (blue line). Negative values indicate erosion, while positive values represent accretion. For
illustration purposes, the bloekl erosion setbacks are shown as positive but correspond to the actual erosion rate.
The default erosion setback is set to 2 where erosion is less2haet per year or where accretion occurs. The
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2025 Inlet Hazard Area Setback Factors
Ocean Isle Beach at Shallotte Inlet
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Figure20. This map image illustrates 2025 inlet erosion setback factors in relation to the updated IHA boundary.

For the same area within the 2B2ipdated IHATable3 compares the resulting erosion setback
factors with those from previous oceanfront erosion rates and setback factors studbde
earlier studies have measured various degrees of erosion near the inlet, the use of ocean
perpendicular transects ending at the inlet, combined with the application of existing Rule 15A
NCAC 07H.31Qvhich requires using the adjacent Ocean Erodible Area (Ota&)affected
resulting setbackby lowering them Historically, for the area where the setback factor is ten
(SBF=10(Figure20), it is approximatelywhere the OEA meets the existing IH&di KS h 9! Q&
setback factoris applied throughout the IHAwhich can be seem the table While setback
factorsarehigherat the inlet they arereflective of inlet erosion ratefor the period of study As
mentioned it is anticipated thain time, theterminal groin willlikely reduce rate®n its west
sidewhere setbacks range between 2 and;, béwever,the pattern of erosion is expected to
continueatl K S & I NakGidediadiBghe inlet
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Area
Inside 2025 2020 2013 2004 1997 1986 1983 1980
IHA
SBF 2 2 2 2to4 2 2 2 2t03 2
SBF 4 4 2to4 4 2 2 2 3 2
SBF =7 7 4 4t06.5| 2to4.5 2 2 3 2
SBF=10 10 5 6.5 45 2 2 3 2
SBF=14 14 5 6.5 45 2 2 3 2
SBF =
17.5 5 6.5 45 2 2 3 2
17.5
SBF =17 17 5 6.5 4.5 2 2 3 2
SBF =9 9 5 6.5 4.5 2 2 3 2

Table3. This table compares 2025 results to previous oceanfront erosion rate and setback factor updates.

3.4 Shallotte Inlet: Holden Beach

While severalmallscalebeach nourishment projectsccurred betweer1971 and 1998 he first
large-scale beach nourishment, involvitige placement obver 300,000 cubic yards of samehs
completedin 2002 as part of the Federal Coastal Storm Damage Reduction (CSDR) project, and
has been followed by routine maintenance effort2i003, 20042006,2008,2009,2011, 2014,

2015, 2017, 2019, 202and 2@22.

Although Shallotte Inlet is classified as an oscillating inlet, its er@sioretion cycle is among

the longest of North Carolina's inlets. Since the 1970s, this cycle has trended towards accretion,
eliminating the need for nourishment along the west esfdHolden Beach and within the area

covered by the 202L | | @ | 26 SOSNE AGQa SaaSyidaialrt G2 dzyF

accretion, while beneficial to current oceanfront structures, is unlikely to be permanent. Broader

2 YSNAOIY {K2NB |yR . SIFOK t NSaAaSNDI (A 2y,;EkeiM,Bagst TR, 2y Qa . S
Benedet, L., Robertson, W., Thomson, G., Webb, B.M., Garvey, K., 2021. A Century of U.S. Beach Nourishment.
Ocean & Coastal Management, 199(2021) 105406, ISSN5&9d4
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erosion trends will eventually affect the shoreline position across much oatbainside the

2025 HA.

In the 205 updated Inlet Hazard Area, covering approximat2l$ miles (11,894 feet) from
transect144 to Shallotte Inlet, the analysis includesgventeenshorelines from 1970 to 2022
(Figure21). According to the measurements from this study, the average shoreline change rate
within the IHA is5.6 feet per year @ccretion); however the analysigdid show erosion rates
approaching20 feet per yeandjacent to the inle{Figures22 &23). As a result, erosion setback
factors range from 2 starting at transet#4, thenrapidlyincreasing t®.5 between transect®

and 17,and 16 between transects 1 and&®ljacent tothe inlet Figure24).

IHA Shorelines and Erosion Rates (1970-2022)
Holden Beach at Shallotte Inlet
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Figure21. This map illustrates shorelines and erosion rates measured at each transect for the area approaching
Shallotte Inlet from the 2025 updated IHA alongshore boundary (yellow transect)
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Shoreline Change Rates (feet/year) at Holden Beach
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Figure22. 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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Shoreline Change Rates: Raw, Smooth, & Blocked Setback Factors (SBF)
at Holden Beach
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Figure23. This graph displays shoreline change rates represented by raw data (black dots), smoothed trends (red
line), and blocked rates (blue line). Negative values indicate erosion, while positive values represent accretion. For
illustration purposes, the blied erosion setbacks are shown as positive but correspond to the actual erosion rate.
The default erosion setback is set to 2 where erosion is less2hi@et per year or where accretion occurs. The
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2025 Inlet Hazard Area Setback Factors
Holden Beach at Shallotte Inlet
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Figure24. This map image illustrates 2025 inlet erosion setback factors in relation to the updated IHA boundary.

For the same area within the 2B2ipdated IHATable4 compares the resulting erosion setback

factors with those from previous oceanfront erosion rates and setback factors stugleeause

earlier studies usag oceanperpendicular transectsvhich stopped short of thénlet, the areas

where high erosion rates were measureétween transect 1 and 19 were not includedin

previous oceanfront updatedNeverthelessi KA a4 | NBl g2dz2 R KI @S | aadzy
erosion setback factawhich has beetwo based orerosion rate measurements arsfandards

specified in current Rule 15A NCAIH.310. While setback factors are higher at the inlet, they

are reflective of inlet erosion rates for the period of study.
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Area
Inside 2025 2020 2013 2004 1997 1986 1983 1980

IHA

SBF 2 2 2 2 2 2 2 2 2
SBF 9 9 2 2 2 2 2 2 2
SBF 46 16 2 2 2 2 2 2 2

Table4. This table compares 2025 results to previous oceanfront erosion rate and setback factor updates.

3.5 Lockwood Folly Inlet: Holden Beach

As mentioned in the previgs section,several smalscale beach nourishment projects occurred
along the ocean shorelineetween 1971 and 199&ut the first largescale beach nourishment,
involving the placement of over 300,000 cubic yards of sand, was completed in 2002 as part of
the Federal Coastal Storm Damage Reduction (CSDR) project, and has been followed by routine
maintenance efforts in 2002004, 2006, 2008, 2009, 2011, 2014, 2015, 2017, 2019, 2020 and
2022. However the initial project did not extend throughout the 282HA; however,it did taper

off nearthe alongshordHAboundaryapproximatelybetween transectg78and487.

In the updated 202 Hazard Area (IHA), which spans approximately 1.2 miles (6,239 feet) from
transect478 to Lockwood Folly Inlet, the analysis examined eighteen shorelines from 1970 to
2021(Hgure 25). The study found an average shoreline change rate of less2Haet per year
across the IHA. However, localized erosion rates were obseapptoaching3 feet per year
along the oceasidelHAboundary and as much ag feet per year within the inlet. A transitional
area of accretion between the oceanfront and the inlet helped reduce the overall average rate
of changgFigure26). As a result, erosion setback factors range frofwr@ughout most of the
IHAuntil increasing t along the shoreline adjacent to the inlet channel betwé@amsect540

and thelntracoastal WaterwayfFigure 27.
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IHA Shorelines and Erosion Rates (1970-2021)
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Figure25. This map illustrates shorelines and erosion rates measured at each transect for the area approaching
Lockwood Folly Inlet from the 2025 updated IHA alongshore boundary (yellow transect).

Shoreline Change Rates (feet/year) at Holden Beach
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Figure26. This graph illustrates shoreline change rates measured at each transect, with green bars representing
areas of accretion and red lines indicating areas of erosion.

40



Shoreline Change Rates: Raw, Smooth, & Blocked Setback Factors (SBF)

at Holden Beach
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Figure27. This graph displays shoreline change rates represented by raw data (black dots), smoothed trends (red
line), and blocked rates (blue line). Negative values indicate erosion, while positive values represent accretion. For
illustration purposes, the biked erosion setbacks are shown as positive but correspond to the actual erosion rate.
The default erosion setback is set to 2 where erosion is less2hi@et per year or where accretion occurs. The
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2025 Inlet Hazard Area Setback Factors .x
Holden Beach at Lockwood Folly Inlet
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Figure28. This map image illustrates 2025 inlet erosion setback factors in relation to the updated IHA boundary.

In the same area within the 262ipdated Inlet Hazard Area (IHAgble5 compares the erosion
setback factors derived from this analysis with those from previous oceanfront erosion rate and
setback factor studies. Earlier studies, which used oceperpendicular transects that
terminated before reaching the inlet, excluded areas with high erosion rates measured between
transect540 and the Intracoastal WaterwayAdditionally, those earlier studies analyzed a longer
period and applied the engboint method, resulting in higher erosion rate estimates between
1983 and 2020Thismethodological difference complicates direct comparisons with the current
analysis. However, this area would have adopted the erosion setback factor of its adjacent Ocean

Erodible Area (OBAbasedon standards outlined ircurrentRule 15A NCAC 07H.310
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Area
Inside 2025 2020 2013 2004 1997 1986 1983 1980

IHA

6.5to0
SBF 2 2 4106 35t07 4 3 4 2
7.5
SBF 5 5 6 7 7.5 4 3 4 2

Table5. This table compares 2025 results to previous oceanfront erosion rate and setback factor updates.

3.6 Lockwood Folly. Oak Island

Oak Island installeds first largescalebeach nourishment project i2001 where the western
end of the projectapered offin the areainsidethe 205 IHAboundary approximatelpetween
transects 61 an@1. In 2019 and 2022eneficial use of dredged materimbm theinlet, AIWW
crossing anceastern channewasO2 YLJX SGSR o6& GKS ! {! reurginy | gA Il
material beingplaced along the western end of Oak Islarstiopping short of the inletat

approximately transeeRO.

In the updated 202 Hazard Area (IHA), which spans approximatedyniiles {,500feet) from

transect81to Lockwood Folly Inlet, the analysis examinednty-sevenshorelines from 1970 to
2021 (Figure 29. The study found an average shoreline change egigal to3.5feet per year
(accretion)across the IH&Figure 30. However, localized erosion ratiess than2 feet per year
were observedetween transect84 and 55Figures 30 & 3). As a resulthe erosion setback

factoris 2throughout the IHAKigure32).
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IHA Shorelines and Erosion Rates (1970-2021)
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Figure29. This map illustrates shorelines and erosion rates measured at each transect for the area approaching
Lockwood Folly Inlet from the 2025 updated IHA alongshore boundary (yellow transect)
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Figure30. 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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Shoreline Change Rates: Raw, Smooth, & Blocked Setback Factors (SBF)
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Figure31. This graph displays shoreline change rates represented by raw data (black dots), smoothed trends (red
line), and blocked rates (blue line). Negative values indicate erosion, while positive values represent accretion. For
illustration purposes, the biked erosion setbacks are shown as positive but correspond to the actual erosion rate.

The default erosion setback is set to 2 where
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2025 Inlet Hazard Area Setback Factors
Oak Island at Lockwood Folly Inlet
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Figure32. This map image illustrates 2025 inlet erosion setback factors in relation to the updated IHA boundary.

In the same area within the 262ipdated Inlet Hazard Area (IHAgble6 compares the erosion
setback factors derived from this analysis with those from previous oceanfront erosion rate and
setback factor studiesWhile methodologies and perialof study differ,the erosion setback

factors have generally remainemnsistentfor the area inside the 2@IHA boundary.

Area
Inside 2025 2020 2013 2004 1997 1986 1983 1980
IHA
SBF 2 2 2 2 2 2 2 2to4 2

Table6. This table compares 2025 results to previous oceanfront erosion rate and setback factor updates.




3.7 Carolina Beach Inlet: Carolina Beach

Carolina Beach Inlet, opened in 1952 to serve private interests, has undergone numerous beach
fill projects over the years. Between 1955 and 1998, these projects were relatively small in scale
and associated with navigationehannel maintenance However, in 2001, the U.S. Army Corps

of Engineers (USACE) completed the Town's first 4segke project under the Coastal Storm
Damage Reduction (CSDR) program, referred toas Coastal Storm Risk Management (CSRM).
Since then, additional larggcale project were completed in 2008007, 20092010, 2014, 2018,

and 2022. Following the inlet's opening, chronic erosion affected both the Carolina Beach side
and the Masonboro Island side. To address this, the U.S. Army Corps of Engineers (USACE)
constructed an initial 1,10€bot rock revetment in 1970, followed by an additional Yoot

section in 1973, bringing the total length to 2,050 feet.

In the updated 202 Hazard Area (IHA), which spans approximatedyniiles 8,500 feet) from

transect2119to Carolina Beachnlet, the analysis examined twenty shorelines from 1L&72021

(Figure 33. The study found an average shoreline change rate equdlldeet per year
(accretion) across the IHA. However, localized erosion egipsoachingb feet per year were
observedwithin the inletbetween transect®210and 2225 (Figures 34 & 35. As a result, the
erosion setback factor is 2 throughout the IHAg(re36).
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IHA Shorelines and Erosion Rates (1971-2021)
Carolina Beach at Carolina Beach Inlet
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Figure33. This map illustrates shorelines and erosion rates measured at each transect for the area approaching
Carolina Beach Inlet from the 2025 updated IHA alongshore boundary (yellow transect)

Shoreline Change Rates (feet/year) at Carolina Beach
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Figure34. 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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Figure35. This graph displays shoreline change rates represented by raw data (black dots), smoothed trends (red
line), and blocked rates (blue line). Negative values indicate erosion, while positive values represent accretion. For
illustration purposes, the bl&ed erosion setbacks are shown as positive but correspond to the actual erosion rate.
The default erosion setback is set to 2 where erosion is less2hi@et per year or where accretion occurs. The

esStft2g AL GALf

Transects

Rate (raw)

02E NBLINB&SY( & shodelined &

Rate (smooth) e==SBF

|

2133
2142
2151
2160
2169
2178
2187
2196
2205
2L

CarolinaBeachinlet

SEGSyd +rt2y3

49



Figure36. This map image illustrates 2025 inlet erosion setback factors in relation to the updated IHA boundary.

In the same area within the 282ipdated Inlet Hazard Area (IHAgble7 compares the erosion
setback factors derived from this analysis with those from previous oceanfront erosion rate and
setback factor studies.L 4 Qa A Y LJ2 NJi | af this Ibcationyfhe {diferericéslcén be
explained by thalifferencesassociated withcalculationmethodologies periods of studyand

pre-inlet conditionsconsidered in earlier studies

Area
Inside 2025 2020 2013 2004 1997 1986 1983 1980

IHA
SBF 2 2 3to7 31t06.5 2t08 2105 7t010 | 5t010 | 2t0 10

Table7. This table compares 2025 results to previous oceanfront erosion rate and setback factor updates.
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