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Abstract: Over short periods of time, extreme storms can significantly alter barrier island morphology, increasing the vulnerability of coastal habitats and communities relative to future storms. These
impacts are complex and the result of interactions between oceanographic conditions and the geomorphic, geological, and ecological characteristics of the island. A 2D XBeach model was developed
and compared to observations in order to study these interactions along an undeveloped barrier
island near the landfall of Hurricane Florence in 2018. Beachface water levels during the storm were
obtained from two cross-shore arrays of pressure sensors for comparison to model hydrodynamics.
Aerial drone imagery was used to derive pre-storm and post-storm elevation data in order to quantify
spatially varying erosion and overwash. Sediment grain size was measured in multiple locations,
and we estimated spatially varying friction by using Sentinel-2 satellite imagery. The high spatial and
temporal resolution of satellite imagery provided an efficient method for incorporating pre-storm
spatially varying land cover. While previous studies have focused on the use of spatially varying
friction, we found that the utilization of local median grain sizes and full directional wave spectra
was critical to reproducing observed overwash extent.
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1. Introduction
Prominent coastal features around the world such as barrier islands provide substantial value to surrounding areas through ecosystem and protective services (e.g., habitat
for threatened species and buffer mainland areas from wave energy [1]) and economic
opportunities (e.g., recreation and tourism [2]). However, these benefits are highly dynamic
and are based on changes in barrier island morphology that occur over a wide range of
temporal and spatial scales, with changes driven by natural and anthropogenic causes [3].
Despite this dynamic nature, many barrier islands have become heavily developed and
densely populated over the past century [4,5]. Growing coastal populations and tourism
demands have necessitated the protection of coastal resources and infrastructure [2,6] from
impacts associated with changing oceanographic forcings including extreme storms and
relative sea-level rise (RLSR). While they lack infrastructure, undeveloped barrier islands
are also influenced by coastal engineering practices of adjacent coastal areas (e.g., hard
structures limiting longshore sediment transport, inlet dredging, etc.). These management
actions may change the vulnerability of particular areas or habitats along a barrier island
necessitating the development of tools for use by coastal managers to guide decisions and
potentially increase island resiliency.
Storm events, in particular, are significant contributors to the landward transport of
sediment through overwash and breaching associated with coastal inundation [7,8] that
can remove sediment from the nearshore system and drive island rollover. The response
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of a barrier island to an individual storm event is primarily influenced by the pre-storm
morphology and the magnitude and duration of time-varying total water levels (TWL; a
combination of astronomical tide, storm surge, and wave runup) throughout a storm [8,9].
Cumulative impacts from inter-annual or intra-annual storms also influence longer-term
barrier island migration [10], and the combined impacts of RSLR and potential increased
storminess may cause barrier islands to drown on decadal timescales in the future [11].
For coastal decision makers, modeling approaches that can robustly quantify individual
or repeated storm-driven sediment transport are essential to developing proper mitigation strategies (e.g., sand placements, retreat, and adaptation). One-dimensional (1D)
cross-shore profile models of storm-driven hydrodynamics and dune evolution are computationally efficient and can provide reasonable estimates of how sections of a barrier island
may respond to a storm (e.g., quantify cross-shore sediment transport, elevation changes to
dunes, etc.). However, these models must be applied to sections of barrier islands that are
relatively uniform alongshore [12] and have been found to provide different predictions
compared to two-dimensional (2D) models that account for alongshore processes [9,13,14].
The implementation of 2D models can provide improved estimates of how an entire barrier
island might respond to a storm event while taking into account alongshore variability in
island elevation and hydrodynamic forcings.
XBeach [15] is one of the most widely developed and applied 2D models for hydrodynamic and morphodynamic processes on barrier islands during storms. Multiple studies
have shown that XBeach can accurately simulate storm-induced dune erosion, overwash,
and sediment transport driven by elevated waves and water levels [12,16–18], but there
remains some uncertainty in the ability to accurately predict wave runup processes [19],
and studies that quantify the accuracy of modeled overwash distances are limited [20,21].
XBeach model performance is typically validated using comparisons of pre-storm and
post-storm elevation data while the accuracy of modeled hydrodynamics is inferred. Determining if errors between observed and modeled morphological changes are the result of
inaccurate model physics (e.g., wave runup), poor specification of spectral wave or water
level inputs at the model boundaries, or ignoring spatially varying geomorphological
island characteristics (e.g., grain size and land cover) requires synoptic measurements that
are challenging to collect during extreme storm events (e.g., Sherwood et al. [17]).
Previous studies found that XBeach overestimates erosion during overwash which was
hypothesized to be a result of large velocities associated with sheet flow conditions [16,22].
A sediment transport limiter that maintains a constant equilibrium sediment concentration
under sheet flow conditions was implemented to prescribe a linear relationship between
sheet flow velocity and sediment transport [16]. However, in practice, this single parameter
serves as a proxy for unknown and/or unrepresented processes during overwash conditions. Offshore wave and water level conditions were highly parameterized due to a lack of
observations, and the amount of error introduced by these boundary conditions compared
to unknown processes is unclear. Passeri et al. [18] found that using spatially varying
Chezy coefficients calculated from land cover classifications eliminated the need for the
sheet flow sediment transport limiter. The spatially varying friction caused vegetated areas
in XBeach to have lower bed shear stress values, resulting in reduced cross-shore sediment
transport during periods of overland flow.
Spatially varying friction coefficients in previous studies have been based on satellite and aerial imagery in coastal environments. Land cover classifications used by
Passeri et al. [18] were obtained from the Coastal Change Analysis Program (C-CAP).
C-CAP is a publicly available land cover dataset derived from satellite imagery. Similarly,
Johnson et al. [21] used Landsat 5 imagery to compute spatially varying friction coefficients
prior to Hurricane Gustav’s landfall in 2008. Both products have low spatial resolutions
(30 m) that limit their applicability in barrier island environments. For instance, transitions
from the beachface to dune and backbarrier environment are difficult to distinguish with
30 m cross-shore resolution. Additionally, C-CAP is updated on 5-year intervals and will
not account for changes in land cover on shorter time scales. Other remote sensing data
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such as aerial imagery can also be used to derive estimates of spatially varying friction
coefficients. van der Lugt et al. [23] derived land cover classifications from pre-storm
National Agricultural Imagery Program (NAIP) aerial imagery with a 1 m spatial resolution, but the temporal and spatial availability of the imagery varies by region causing
inconsistent coverage of different barrier islands over time. Modern satellites such as
Sentinel-2 can capture land cover data at both high spatial and temporal resolutions (10 m
and 2–3 days, respectively, for Sentinel-2 [24]) and provide a method to update land cover
between modeled storm events in order to evaluate cumulative storm impacts.
While past XBeach studies have focused on applying spatially varying friction coefficients derived from land cover classifications to improve model performance, model
sensitivity to changes in sediment grain size and specifically studies that quantify the skill
of XBeach modeled overwash distances are limited. Using a 1D XBeach model, Koktas [25]
determined that using representative grain sizes was important for modeling coastal morphodynamics in the nearshore region and beachface. Matias et al. [26] recently recorded
shallow overwash events by using a video camera, pressure transducer, and current meter
along a single cross-shore transect and examined the sensitivity of modeled overwash in
a non-hydrostatic (wave-resolving) 1D XBeach model relative to different factors (wave
height, lagoon water levels, nearshore topography, and grain size) and found that finer
non-cohesive grain sizes increased the occurrence of overwash. Currently, studies have not
focused on the accuracy of modeled overwash deposits using a 2D XBeach model applied
at the barrier island scale. Studies at this scale have also not evaluated the individual roles
of spatially varying friction coefficients, grain size, and offshore wave boundary conditions
in accurately predicting storm-driven morphological changes.
The main objectives of this study are to use a 2D XBeach model at the barrier island scale to investigate the influence of morphodynamic (bed friction and grain sizes)
and hydrodynamic (bulk vs. measured directional wave spectra) conditions on modeled
elevation change and overwash extent. The sensitivity of modeled overwash extent is
explored with regards to changes in grain size and the use of spatially varying friction coefficients computed from land cover classifications performed on high spatial and temporal
resolution satellite imagery. Beachface water level sensors provide measurements of the
timing and magnitude of TWL during a category one hurricane, allowing for comparisons
between measured and modeled shoreface water levels for simulations using different
hydrodynamic forcings. We assess the individual and combined impact of wave boundary
conditions, grain size, and landcover in order to quantify the role each plays in elevation
change and modeled overwash processes.
2. Materials and Methods
2.1. Study Site
Masonboro Island is a 13 km long undeveloped barrier island located off the coast of
New Hanover County in southeastern North Carolina and part of the National Estuarine
Research Reserve system (Figure 1 [27]). The island supports a variety of coastal and
estuarine species, including some designated as threatened (e.g., loggerhead and green sea
turtles and seabeach amaranth) or species of concern (e.g., American oystercatcher and
Wilson’s plover [27]). Masonboro Island currently experiences a sediment deficit due to
a dual jetty system bounding Masonboro Inlet at the north end adjacent to Wrightsville
Beach that was completed in 1981 and an inlet dredging at the north and south (Carolina
Beach Inlet) ends of the island [28]. Six sand placements have occurred between 1986 and
2010, all conducted at the north end as sediment was dredged from Masonboro Inlet [2].
These anthropogenic activities have contributed to a diverse topography on Masonboro
Island. The northern section has a well-developed, alongshore continuous dune system
(average maximum pre-Hurricane Florence height of 4.4 m) and wider beaches due to an
up-drift accretionary fillet against the adjacent jetty. The central section has lower dunes
(average maximum pre-Hurricane Florence height of 3.1 m) and relatively narrow beaches.
The southern section has small dunes (average maximum pre-Florence height 2.9 m) and
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Figure 1. GOES-16 imagery of Hurricane Florence (14 September 2018) over Wilmington, North Carolina (left), and the
XBeach model domain of Masonboro Island (right) with the best track of Hurricane Florence (orange line [31]).
XBeach model domain of Masonboro Island (right) with the best track of Hurricane Florence (orange line [31]).

Hurricane Florence made landfall along North Carolina’s southeastern coast as a
category 1 hurricane (based on Saffir–Simpson Hurricane Wind Scale) on the morning of
14 September 2018 [32]. Maximum sustained wind speeds reached 102 km/h at Johnnie
Mercer Pier in Wrightsville Beach, NC, resulting in a maximum storm tide (water level due
to combined storm surge and astronomical tide) of 1.79 m (referenced to NAVD88 [32]),
the highest water level recorded at this site since gauge installation in 2004 (previous high
of 1.40 m, NAVD88). A wave buoy located 9.6 km offshore of Masonboro Island in ~15 m
of water depth recorded a maximum significant wave height of 5.1 m (ILM2 wave buoy
operated by the Coastal Ocean Research Monitoring Program; CORMP). Significant wave
heights recorded by the ILM2 wave buoy exceeded 3 m for 54.5 h, and the measured water
levels from the Wrightsville Beach NOAA tide station (Station ID: 8658163) exceeded mean
higher high water (0.526 m, NAVD88) for 42 h. Masonboro Island experienced overwash in
portions of the central and southern sections and extensive dune erosion in the northern
section [32].
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2.3. Model Domain
The Masonboro Island XBeach model domain has variable cross-shore spacing (25 m
offshore and decreasing to 3 m across the island) and constant 25 m alongshore spacing.
Alongshore, the XBeach model domain encompasses the majority of Masonboro Island,
excluding the northern and southern tips. Cross-shore, the XBeach domain extends from
the 15 m offshore depth contour and across the subaerial island into the intracoastal
waterway. Portions of the backbarrier marsh-filled lagoon are excluded. The bathymetric
surface of the model domain comprises two continuously updated digital elevation models
(CUDEM [36,37]), a 1/3rd arc-second resolution CUDEM extending from ~15 m water
depth at the offshore boundary to ~13 m water depth, and a 1/9th arc-second resolution
CUDEM extending from ~13 m water depth to the nearshore region of about ~1 m water
depth. Information on the elevation data comprising the CUDEMs and development
procedures is available in Amante et al. [38]. No pre-Florence bathymetric data from
hydrographic measurements were available.
Pre-storm elevations between ~1 m water depth on the open ocean coastline to the
back-barrier marsh comprised of drone-based digital elevation models (DEM [39]) where
available merged with a 2017 U.S. Army Corps of Engineers (USACE) topo-bathymetric
LiDAR DEM. The drone-derived DEMs were developed using structure-from-motion
techniques applied to imagery collected with a fixed wing eBee GPS-equipped drone.
Fixed-wing drones provide assessments of barrier island scales due to their increased
flight efficiency. The post-storm elevation dataset used for analyses was generated from
drone-based DEMs [39] merged with a post-Florence topo-bathymetric LiDAR dataset.
Bathymetric and subaerial island elevation data were interpolated to the model grid
separately then merged. Where two elevation data sets met, an average of the two touching
grid points was used. The collection dates, spatial resolutions, and reported vertical
accuracies of the elevation datasets used are shown in Table 1.
Table 1. Elevation datasets used for the model domain and statistical analyses. The month and year or just the year are
reported for the date collected if a specific date was unavailable for an elevation dataset.
Elevation Dataset

Spatial Resolution (m)

Vertical Accuracy (m)

Date Collected

CUDEM 1/9 Arc-Second
CUDEM 1/3 Arc-Second

3
10

0.50
0.50

2017
2014

1

0.196

October 2018

1
1
1

0.086
0.109
0.196

10 October 2018
10 September 2018
2017

Bathymetry

Topography
2018 USACE Post-Florence
Topobathy Lidar DEM
Post-Florence Drone Data
Pre-Florence Drone Data
2017 USACE Topobathy Lidar DEM

At the north and south ends of Masonboro Island, pre-storm and post-storm shorenormal elevation transects were collected using an RTK-GPS. These data were used to
verify the elevation datasets used to develop the model grid. An altitude vertical offset
was identified and corrected for at the south end between the post-storm elevation survey
and both the drone DEM and topo-bathymetric LiDAR (biases of −0.11 m and 0.11 m,
respectively). After correcting offsets, comparisons were made between the drone DEMs
and topo-bathymetric LiDAR datasets to quantify the agreement between the merged
datasets, particularly for the pre-storm topo-bathymetric LiDAR as it was collected a year
before the storm. At the north end, pre-storm datasets had an RSME and bias of 0.19 m
and −0.04 m, respectively, and post-storm datasets had an RMSE and bias of 0.17 m and
−0.08 m, respectively. At the south end, pre-storm datasets had an RSME and bias of
0.22 m and 0.03 m, respectively, and post-storm datasets had an RMSE and bias of 0.14 m
and −0.10 m, respectively.
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2.4. Model Hydrodynamics
The model simulation spanned from 00:00 UTC 13 September 2018 to 00:00 UTC
17 September 2018. Wave data forced at the offshore boundary were obtained from the
ILM2 wave buoy. Simulations were completed using both Joint North Sea Wave Project
(JONSWAP [40]) spectra based on bulk wave characteristics, and observed variance density
spectra were calculated using the maximum entropy method [41]. Wave boundary conditions were updated every 30 min and prescribed as a spatially uniform condition along
the offshore boundary. Water levels forced at the offshore boundary were obtained from
the Wrightsville Beach NOAA tide station just north (4.7 km) of the model domain. While
sound side water levels were not measured during the storm, comparisons were made
relative to two nearby water level stations during other time periods in order to assess a
potential delay in sound side tide levels. These stations were the oceanside Wrightsville
Beach NOAA tide station and a water level sensor at the UNCW Center for Marine Science
dock behind Masonboro Island. A Gaussian process regression model was fit to water
level sensor data on the sound side of Masonboro Island and data from the NOAA tide
station. A 1 h delay was found between the sound side water levels and the NOAA tide
station, hence, water levels were forced along the sound side boundary using the oceanside
water levels delayed by 1 h. Before Hurricane Florence, cross-shore transects of water level
sensors (HOBO® U20L-04 Data Logger with a 20-s sampling rate) were deployed at the
bed level surface at the north and south ends (same locations as walking RTK-GPS transects) of Masonboro Island to record the timing and duration of beachface and dune water
levels during the storm (Figure 2). The atmospheric pressure recorded by the Wrightsville
Beach NOAA tide station during the storm was subtracted from the values recorded by
the pressure sensors. Recorded beachface water levels were used to test the accuracy of
simulated shoreface water levels.
2.5. Geomorphology
Four pre-storm sediment samples were collected at each of the four water level sensor
locations at the north and south transects. Averaged measured D50 and D90 grain sizes at
the north were 240 µm and 370 µm, respectively. Average measured D50 and D90 grain
sizes at the south were 360 µm and 890 µm, respectively. For model input, the grain size
values at the north and south were averaged, resulting in D50 and D90 grain size values of
300 µm and 630 µm, respectively. The measured grain sizes, particularly D90, are larger
than the default values (D50 = 200 µm and D90 = 300 µm).
A supervised land cover classification (variation of the maximum likelihood classification process) was conducted in ArcMap on pre-Florence Sentinel-2 satellite imagery
acquired on 8 September 2018 (Figure 3). The Copernicus Sentinel-2 mission has two
polar-orbiting satellites in a sun-synchronous orbit resulting in a revisit time of 2–3 days
at mid-latitudes under cloud-free conditions [24]. Sentinel-2 has 13 spectral bands: four
bands at 10 m, six bands at 20 m, and three bands at 60 m spatial resolution [24]. Five land
cover classes were extracted: open water, unconsolidated shore, grassland/herbaceous,
estuarine emergent wetland, and deciduous forest. The pixel count for each training sample class is shown in Table 2. Due to the fact that no ground-truth points were available,
a validation dataset was created using a random sample of 315 pixels from the satellite
imagery by manually classifying land cover type. Statistics between the validation dataset
and the classified map were computed using the compute confusion matrix tool in ArcMap
(Table 3). A kappa index of agreement (0.80) was found between the supervised land cover
classification and validation dataset. Excluding open water, each land cover class from the
land cover classification was assigned a Manning’s n coefficient based on Dietrich et al. [42],
which was converted to a Chezy coefficient assuming a 1 m flood depth over land. Open
water Chezy coefficients for all simulations were depth-dependent and ranged from 31
to 71 m1/2 /s.
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Table 2.

Class Name
Water
Water
Bare
Land
Bare Land
Grassland/Herbaceous
Grassland/Herbaceous
Wetland Wetland
Forest/Trees
Forest/Trees
Class Name

Pixel Count
14,487
1070
541
617
681

Pixel Count
14,487
1070
541
617
681

Area (m2)
1,448,700
1,448,700
107,000
107,000
54,100 54,100
61,700 61,700
68,100 68,100

Area (m2 )

Table 3. Confusion matrix for the pre-Florence land cover classification and associated accuracy assessments. Bolded
numbers indicate the correct number of pixels identified in each class.

Land Cover Class

Water

Unconsolidated
Shore

Grassland/
Herbaceous

Estuarine
Emergent
Wetland

Deciduous
Forest

Total

Water
Unconsolidated Shore
Grassland/Herbaceous
Estuarine Emergent Wetland
Deciduous Forest
Total

98
10
0
21
0
129

1
71
1
1
0
74

0
2
24
3
0
29

1
2
0
67
3
73

0
0
2
0
8
10

100
85
27
92
11
315

User’s Accuracy (%)
Producer’s Accuracy (%)
Overall Accuracy (%)
Kappa Coefficient

98
76
85
0.80

83
96

89
83

73
92

73
80

Water 2021, 13, 2829

9 of 19

2.6. Simulations Completed and Model Accuracy
Five major simulations were completed during model development by varying the
input sediment grain size (default vs. measured), friction values (constant vs. spatially
varying), and spectral wave boundary conditions (measured variance density vs. parameterized JONSWAP spectra). A list of the simulations completed is summarized in Table 4.
Chezy coefficients for simulations using constant friction over land were set to 33 m1/2 /s
(equivalent to bare land).
Table 4. Major parameters changed for the simulations completed.
Simulation Identifiers

Friction Type

Grain Sizes

Wave Spectra Type

Default
Baseline
Grain Size
Spatially Varying Friction
JONSWAP

Constant
Spatially Varying
Constant
Spatially Varying
Spatially Varying

Default
Measured
Measured
Default
Measured

Variance Density
Variance Density
Variance Density
Variance Density
JONSWAP

Model accuracy was quantified by calculating the bias, RMSE, and coefficient of
determination (r2 ) between modeled and measured bed level changes. These statistics
were calculated for the entire island and separately for the northern, central, and southern
sections of the island. The bias was calculated as follows:
Bias =

1
N

N

∑i=1 (zb post−storm, modeled − zb post−storm,observed )

(1)

where zb is the bed elevation. RMSE was calculated between modeled and measured bed
level changes with the following equation:
r
RMSE =

1
N

N

∑i=1 (dzbmodeled − dzbobserved )2

(2)

where dzb is the elevation change.
In addition to the statistics of model accuracy for elevation changes, the cross-shore
extent of overwash deposits that can damage coastal infrastructure and alter habitats
during storm events [43] was also examined. High quality National Geodetic Survey
(NGS) post-Florence imagery (ground sample distance of 15 cm [44]) was used to define a
~3.9 km long alongshore section containing visible continuous overwash for comparisons
with the simulations. Using pre-Florence imagery as a reference, observed cross-shore
overwash distances were digitized from the imagery in MATLAB. The distance from the
0 m pre-storm contour to the landward extent of apparent new sand in the back-barrier
region of the island at each alongshore position in the model was determined. Similar
comparisons were made between overwash from the default simulation and the other
simulations. A polygon was drawn around the modeled overwash for each simulation
covering the same alongshore extent. The cross-shore range of each polygon extended
from the 0 m pre-storm contour to the landward extent of overwash, or if overwash was
absent, to the limit of dune erosion. Overwash extent values for cross-shore transects with
no overwash were set to 0 m.
Further analyses were completed by comparing changes to foredune crest elevation
and volume from the baseline simulation and post-Florence elevation data. The foredune
crest elevation for each cross-shore transect was defined as the first local topographic
maximum landward of the shoreline. Foredune volume was calculated for each transect
from the dune base to the dune heel (e.g., landward extent of the dune). The dune base was
defined based on the maximum slope change between the dune crest and ocean shoreline.
The dune heel was defined similarly but was confined between the dune crest and the first
local topographic minimum landward of the dune crest.
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Modified versions of Equations (1) and (2) above were used to calculate the bias and
RMSE between measured and modeled overwash extents, measured and modeled postFlorence foredune crests and foredune volumes, and measured and modeled beachface
water levels for the baseline simulation and the JONSWAP simulation. In each case, the measured values were subtracted from the modeled values (same as in Equations (1) and (2)).
3. Results
3.1. Beachface Water Levels
Comparisons between measured and modeled beachface water levels for the baseline
simulation (defined in Table 4), and the simulations using parameterized bulk wave spectra
are shown in Figure 4. During peak storm surge, modeled beachface water levels for
the baseline simulation agreed well with observed beachface water levels at the northern
transect (RMSE and bias of 0.104 m and −0.004 m, respectively). At the south end, the
model overpredicted beachface water levels at S1 (RMSE and bias of 0.263 m and 0.182 m,
respectively). The model predicted up to 25 cm of water at the S2 sensor, but the observations indicate only a few episodic pulses of water at the sensor with magnitudes less than
20 cm (RMSE and bias of 0.074 m and 0.026 m, respectively). Note that the output model
time series at the sensor locations was equivalent to the sensor sampling rate. For the
simulation using JONSWAP spectra as inputs, the model overpredicted beachface water
levels at the north (RMSE and bias of 0.152 m and 0.052 m, respectively) and south ends
Water 2021, 13, x FOR PEER REVIEW(RMSE and bias of 0.334 m and 0.279 m, respectively, for S1 and RMSE and bias of 11
of 21
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section. The majority of modeled post-Florence bed levels fall within one standard deviation of the measured post-Florence bed levels for the entire island (96%) and the northern
(98%), central (97%), and southern sections (87%) of the island. The model overpredicts
erosion at the southern section with a cluster of points falling below measured post-storm
bed levels and outside one standard deviation of measured changes.
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against measured post-Florence bed levels for the entire island and for the individual section. The majority of modeled post-Florence bed levels fall within one standard deviation
of the measured post-Florence bed levels for the entire island (96%) and the northern (98%),
central (97%), and southern sections (87%) of the island. The model overpredicts erosion at
the southern section with a cluster of points falling below measured post-storm bed
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Figure
5. Density scatter plots comparing measured and modeled post-Florence bed levels for the different sections of
Masonboro Island from the baseline simulation. The solid black line through the origin shows a 1:1 relationship between
Masonboro Island from the baseline simulation. The solid black line through the origin shows a 1:1 relationship between
measured and modeled elevations; the dashed black lines show one standard deviation for the measured data from the
measured
1:1 line.and modeled elevations; the dashed black lines show one standard deviation for the measured data from the 1:1 line.
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the highest for the grain size simulation and the baseline simulation (0.78). The lowest R2
value computed for the entire island was from the JONSWAP simulation (0.66).
Table 5. Statistics comparing measured and modeled post-Florence bed levels for the different simulations.

Section

Statistic

Constant Land,
Default Grain

Constant Land,
Measured
Grain

Variable Land,
Default Grain

Variable Land,
Measured
Grain

Variable Land,
Measured Grain,
Parameterized Spectra

North

RMSE (m)
Bias (m)
R2

0.20
0.05
0.91

0.24
0.07
0.88

0.21
0.05
0.90

0.23
0.07
0.89

0.18
0.02
0.93

Center

RMSE (m)
Bias (m)
R2

0.27
−0.13
0.77

0.22
−0.09
0.85

0.23
−0.08
0.75

0.21
−0.09
0.86

0.43
−0.24
0.52

South

RMSE (m)
Bias (m)
R2

0.52
−0.33
0.54

0.34
−0.11
0.61

0.42
−0.18
0.51

0.34
−0.10
0.59

0.73
−0.58
0.54

Entire Island

RMSE (m)
Bias (m)
R2

0.33
−0.14
0.74

0.26
−0.04
0.78

0.29
−0.07
0.72

0.26
−0.04
0.78

0.45
−0.27
0.66

3.3. Overwash Extent and Foredune Changes
Comparisons between measured and modeled overwash extents for the different
simulations are shown in Figure 6. The largest overwash extents occurred in the simulation
using parameterized JONSWAP spectra. Out of the simulations using measured directional
wave spectra, the default simulation had the largest overwash extents. The other three
simulations yielded comparable overwash patterns and extents. Quantitative comparisons
of overwash extents for this 3.5 km alongshore distance are shown in Figure 7. Overwash
extents of 0 m do not indicate that no change occurred for a given cross-shore transect,
only that the cross-shore transect experienced dune erosion and no overwash. The default
simulation had an RMSE and bias of 107.26 m and 76.18 m, respectively, compared to
measured overwash. Using measured grain sizes reduced overall overwash extents by 41%
and decreased the RMSE and bias to 51.04 m and 15.00 m, respectively. The overall modeled
overwash extents were reduced by 23% when incorporating spatially varying friction
compared to the default simulation (RMSE and bias of 52.22 m and 30.50 m, respectively,
compared to measured overwash). Incorporating both spatially varying friction and
measured grain sizes (baseline simulation) reduced overwash extents by 44% resulting in
the lowest RMSE (48.90 m) and model bias (10.70 m) compared to measured overwash.
Forcing the model hydrodynamics with bulk spectra (JONSAWP simulation), instead of
measured directional wave spectra, increased overwash extents by 52% compared to the
default simulation (RMSE and bias of 161.98 m and 135.25 m, respectively, compared to
measured overwash).
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and volume for the baseline simulation are shown in Figure 8. The RMSE and bias for
foredune crest elevation for the entire island were 0.72 m and −0.04 m, respectively, and the
RMSE and bias for foredune volume for the entire island were 202.54 m3 and −55.36 m3 ,
respectively. The model overpredicted changes relative to foredune crest elevation and
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Comparisons between measured and modeled changes to foredune crest elevation
and volume for the baseline simulation are shown in Figure 8. The RMSE and bias for
foredune crest elevation for the entire island were 0.72 m and −0.04 m, respectively, and
the RMSE and bias for foredune volume for the entire island were 202.54 m3 and −55.36
m3, respectively. The model overpredicted changes relative to foredune crest elevation
and volume at the southern (RMSE and bias of 0.63 m and −0.38 m, respectively, for elevation, and RMSE and bias of 213.51 m3 and −141.10 m3, respectively, for volume) and
central sections (RMSE and bias of 0.67 m and −0.19 m, respectively, for elevation, and
RMSE and bias of 218.61 m3 and −149.01 m3, respectively, for volume). The model underpredicted changes to foredune crest elevation and volume in the northern section (RMSE
and bias ofmeasured
0.86 m and 0.48
m, respectively, extents
for elevation,
and RMSE and
bias of 169.91 m3
Figure
Figure 7.
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completed.
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4. Discussion
4. Discussion
Despite the hydrodynamics being forced with measured directional wave spectra
Despite the hydrodynamics being forced with measured directional wave spectra and
and observed water level conditions, XBeach overpredicted beachface water levels at the
observed water level conditions, XBeach overpredicted beachface water levels at the south
south end of Masonboro Island. One potential source of error for modeled water levels
end of Masonboro Island. One potential source of error for modeled water levels could
could be the use of input water levels from the Wrightsville Beach tide gauge, located
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which is located offshore of the northern end of Masonboro Island. Spatially homogenelocated offshore of the northern end of Masonboro Island. Spatially homogeneous wave
conditions were prescribed along the offshore boundary using the buoy observations, which
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15 September 2018) Hurricane Florence passed over the ILM2 buoy.

Many studies have found that the use of spatially varying friction is crucial for imMany studies have found that the use of spatially varying friction is crucial for
proving model skill (e.g., [18,21,23]). In our study, however, using measured grain sizes
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overwash likely due to reduced infiltration. It is also possible that increased critical shear
increased
overwash likely due to reduced infiltration. It is also possible that increased
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5. Conclusions
In this study, a 2D XBeach model was developed to simulate the impacts of 2018
Hurricane Florence on Masonboro Island, NC. Model sensitivity was examined with respect to different offshore spectral wave forcings, changes to grain size, and the use of
spatially varying versus constant Chezy coefficients over land. Prior to the storm, crossshore transects of water level sensors were placed at the north and south sections of the
island, allowing for comparisons between measured and modeled beachface water levels
during the storm. When the offshore hydrodynamics were forced using parameterized
JONSWAP spectra, the model overpredicted beachface water levels, bed elevation changes,
and overwash extents. Using variance density spectra to force the model’s hydrodynamics
improved agreements between measured and modeled beachface water levels, bed elevation changes, and overwash extents. The use of measured or modeled full wave spectra to
force models for coastal change during extreme storms is important for improving model
skill and inform decision support.
Average pre-storm D50 and D90 grain sizes from the island were used to initialize the
model. Measured grain sizes reduced modeled overwash extent compared to the default
simulation and improved modeled bed level changes by increasing agreement between the
model and observations. Changes across Wentworth grain size classes would be expected
to influence the modeled elevation changes, and these simulations show that changes of
~100 microns in D50 have direct impacts on the ability to accurately predict overwash.
Locations of the island that experienced dune erosion with water levels constrained to the
beachface were less impacted. When possible, it is recommended that measured grain sizes
should be used in place of default grain sizes for future studies using XBeach.
This study applied a technique for using pre-storm satellite imagery to calculate
spatially varying friction coefficients. A land cover classification computed using prestorm high resolution Sentinel-2 satellite imagery was used to calculate spatially varying
Chezy coefficients over land. Applying high resolution spatially varying Chezy coefficients reduced modeled overwash extents, improving comparisons between measured and
modeled bed level elevations. The baseline simulation that used measured grain sizes,
spatially varying Chezy coefficients, and variance density spectra produced the best statistical comparisons between measured and modeled bed level elevations and resulted in the
largest reduction in modeled overwash extent improving comparisons between measured
and modeled overwash extents. While spatially varying friction coefficients improved
model skill similar to previous studies, these results indicate that using measured grain
size can be as important in accurately reproducing storm-driven morphological changes
on barrier islands. The sediment characteristics on barrier islands and the time-varying
wave spectra should be considered when assessing potential impacts from future storm
events and scenarios.
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