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Significant coastal erosion, structural damage, and sand deposition on
inland roadways occurred along stretches of the south-facing
beaches in southeast North Carolina (Oak Island, Holden Beach, and
Bald Head Island) which were on the right-hand side the eyewall. At
peak intensity around the time of landfall, the eyewall was ~20 miles
thick and extended 50 miles from the center of circulation (Figure 2a).
The unique shape of Cape Fear, and the track and landfall location of
Isaias, led to nearly shore-normal winds for both south- and east-facing
beaches from Oak Island up to Wrightsville Beach (Figure 2b).
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Hurricane Isaias (pronounced ee-sah-
EE-as) was a Category 1 hurricane
with peak 1-minute sustained winds
(minimum central pressure) reaching
80 mph (966 mbar) as it made landfall
on the southern coast of North
Carolina (NC) around 11:00 PM EDT
on Monday, 3 August 2020 near
Ocean Isle Beach.

Figure 1. Isaias category and track between
28 July 2020 at 1100 AST and 05 August 2020
at 0500 EDT.

Figure 2. (A) High-resolution RADAR scan from 23:15 EDT, shortly after landfall 
at Ocean Isle Beach, NC, showing the intense eyewall structure to the north 
and east. (B) Zoomed in radar image of Cape Fear. Four white lines indicate 
the local shoreline orientation, from south to north, for Bald Head Island, Kure 

Beach, Masonboro Island, and Wrightsville Beach, NC. The white arrows 
indicate the approximate wind direction.

Figure 3. Map of the Lower 
Cape Fear Region in Southeast 
NC, showing wave/ 
meteorological buoys (CORMP, 
Spotter Buoys), weather and 
oceanographic data stations 
(CMSDOCK, NOAA/CO-OPS) 
and rapid-response land 
stations (Pressure Loggers). 
Hurricane Isaias’ track (thick 
black line) is shown passing 
directly over the SUN2WAVE 
buoy. Masonboro Island is an 
uninhabited barrier island 
sandwiched roughly between 
the CMSDOCK & MASE labels.

Impacts of Hurricane Isaias were recorded using:
1. Wave and meteorological buoys (ILM2/ILM2WAVE, SUN2/SUN2WAVE, 

Spotter Buoys, and CMSDOCK), 
2. A storm surge observation camera and pre-/post-storm beach profiles at 

Kure Beach, NC (KBPIER), and 
3. A rapid-response pressure gauge transect at the north end of 

Masonboro Island, NC (MASE).

Hurricane Isaias passed directly over one of the Coastal Ocean Research and
Monitoring Program’s (CORMP) wave buoys, SUN2WAVE, located just
southwest of Ocean Isle Beach, NC. The study region is characterized as a
mesotidal, semi-diurnal tidal environment, with a tidal range of 1.37 m.

Figure 4. Meteorological and wave
data recorded during Hurricane
Isaias, from the ILM2 and
ILM2WAVE buoys (see Figure 3)
located off the coast of
Masonboro Island, NC in 15.2 m (50
ft) water depth. (a) Atmospheric
pressure, (b) eight-minute average
wind speed and maximum gust,
(c) wind direction, with the dashed
line indicating wind direction
normal to the shoreline the north
end of Masonboro Island (124˚
from N), and (d) significant wave
height. Times in Eastern Daylight
Time (EDT).

Figure 5. Wave data
from the nearshore
Sofar Spotter buoys off
the coasts of Bald Head
Island (BHI_S and BHI_E)
and Masonboro Island
(MASE) in ~8 m water
depth. (a) Significant
wave height, (b) peak
wave period, and (c)
peak wave direction,
given as direction-from.
Times in EDT.

The magnitude of modeled 𝐻𝐻𝑠𝑠 𝑚𝑚𝑚𝑚𝑚𝑚 generally followed the trend of
measured 𝐻𝐻𝑠𝑠 𝑚𝑚𝑚𝑚𝑚𝑚 magnitudes, with reduced wave heights at BHI_E,
compared with BHI_S, and the largest waves observed at ILM2WAVE.
However, modeled maximum wave height was over-predicted relative to
measured 𝐇𝐇𝐬𝐬 𝐦𝐦𝐦𝐦𝐦𝐦 at all four buoy locations, with differences between
modeled and measured wavModeled 𝐻𝐻𝑠𝑠 𝑚𝑚𝑚𝑚𝑚𝑚 at MASE was 10% greater
than at BHI_S, while measured 𝐻𝐻𝑠𝑠 𝑚𝑚𝑚𝑚𝑚𝑚 at MASE was 30% greater than at
BHI_S, suggesting e heights ranging from 0.37-1.18 m. that model output did
not fully capture the influence of the Frying Pan Shoals near Bald Head
Island on wave height modification from waves emanating from the south
during Isaias. Timing of the occurrence of peak wave heights between
modeled and measured were within the margin of model output and buoy
reporting intervals, indicating that predicted timing of peak wave height in
the nearshore was modeled well.

Site Name

Latitude 

(deg)

Longitude 

(deg)

ADCIRC

Node

Modeled1

𝑯𝑯𝒔𝒔 𝒎𝒎𝒎𝒎𝒎𝒎 (m)

Measured 

𝑯𝑯𝒔𝒔 𝒎𝒎𝒎𝒎𝒎𝒎 (m)

ILM2WAVE 34.1445 -77.7183 5497530 5.56 4.89

BHI_S 33.8293 -77.9967 5462692 4.95 3.77

BHI_E 33.8693 -77.9385 5482495 3.46 2.67

MASE 34.1424 -77.8331 5497831 3.82 3.45

Table 1. Deployment locations of four nearshore wave buoys, and
comparisons between modeled and measured maximum significant
wave height (latitude and longitude in WGS84).

1Obtained from CERA (cera.coastalrisk.live) ADCIRC Surge Guidance System (ASGS) for
storm “ISAIAS 2020” using maximum significant wave heights computed with the
hindcast NHC best track model run. Model output were obtained at the nearest
ADCIRC node to the coordinates of each buoy.

(A) Beach Profile Surveys (B) Storm Surge Observation Camera (SSOC)

(C) Image Processing
Figure 6. Aerial satellite picture with six RTK GPS
survey tracks surrounding Kure Beach Pier
(KBPIER) in North Carolina. Pre- and post-Isaias
surveys were conducted on 1 August and 4
August. The Storm Surge Observation Camera
(SSOC) that was mounted on the north side of
the pier is represented with a solid white circle.

Figure 7. Cross-shore beach profiles from the
transects represented by the dotted line in Figure 6,
south of Kure Beach Pier. The two thick lines are
before and after Hurricane Isaias. Mean Higher
High Water (MHHW) and Mean Lower Low Water
(MLLW) elevations are shown for reference, with the
vertical span of the gray bars indicating the vertical
degree of uncertainty.

Figure 8. Storm Surge Observation Camera (SSOC) mounted to
the Kure Beach Pier (see Figure 6). UNCW student is seen using the
maximum ladder length to recover the camera, due to 1.2 m of
storm-induced vertical lowering of the berm.

Figure 9. Two photos taken with the SSOC before (left) and after (right) power was lost, showing the same
sequential three-step image processing from raw image to enhanced image, top to bottom. (A, B)
Original photo, (C, D) image enhancement via contrast boost and haze reduction, (E, F) noise reduction,
and (G, H) image despeckling. The left photo was taken 45 minutes after high tide (-3 hrs from landfall).

>

The full-length SSOC time lapse video can 
be viewed by scanning the QR 
code to the right, or by visiting 
the following URL: 
https://www.instagram.com/
p/CDmv1CNFq3H/

The raw, dark images (Figures 9a-9b) were
enhanced using the imreducehaze MATLAB®
function. First, the 3-layer RGB image arrays
were inverted using imcomplement, then
enhanced using imreducehaze (haze
reduction factor of 0.9, approxdcp method,
and contrast enhancement set to ‘boost’),
and re-inverted using imcomplement (Figures
9c-9d). Noise reduction was then performed
on each RGB layer separately using the two-
dimensional weiner2 MATLAB® function
(Figures 9e-9f). Speckles in the images likely
caused by dust or other fine particles on the
camera lens were removed using a two-
dimensional median filter (medfilt2
MATLAB® function), applied separately to
each individual color layer (Figures 9g-9h).

[ABOVE] Figure 10. Before 
and after Isaias photos of 
the RBR Solo3 D | wave 
loggers deployed in a 
cross-shore transect from 
the berm crest to the 
dune toe on the north 
end of Masonboro Island.

Long-exposure images were taken continuously at night with a
6 s exposure duration and an ISO of 1600 – the exposure
duration of 6 s is a hardware limit for the Raspberry Pi camera
v1.3. Each image was stored as a 24-bit RGB photo with size
(W x H) of 720 x 480 pixels (72 dpi, bit depth of 24). Roughly two
long-exposure photos were taken every minute.

A cross-shore transect of five pressure sensors was installed at the north end 
of Masonboro Island, NC 2.5 days prior to landfall to measure storm surge, 
wave runup, and variation of gravity/infragravity wave energy across the 
barrier island. Three RBRSolo3 D |wave loggers (referred to as “RBRs” here) 
were installed along the berm (Sites N1, N1D, and N2) , sampling at 16 Hz 
with no mesh filter covering (Figure 10) – see also, Figure 3 inset.

The pressure logger at Site N1 was deployed at the cross-shore location
of a shallow runnel in a ridge-runnel system. The shallow water within the
runnel can be seen beneath the RBR in Figure 10 (top-right). This runnel very
likely filled in with sand during the 1st high tide cycle around 20:00 EDT on 1
August, which buried the pressure sensor beneath sand, where it likely
remained buried until being recovered on 5 August. Swash bores also
reached Site N1D for a couple hours during the first high tide cycle. The
groundwater level likely did not drop below the level of the pressure
diaphragm at N1 until after the 2nd high tide, and again after the 3rd high
tide, as indicated by the rapid increase in gage pressure returning to zero
(Figure 11b). The 4th high tide apparently did not reach any of the three RBR
elevations. The 5th high tide was accompanied by an increase in surge
associated with Isaias’ onshore-directed winds, with peak surge occurring 3
to 4 hours after high tide on 4 August.

All three RBR sites were inundated during Isaias, which indicated water
levels reached the dune toe, where Site N2 was located. When the surge
retreated very early on 4 August, gage pressure signals from all three RBR
sites were negative for a period of time, before returning to zero, in
succession, from the dune toe (N2), across the mid-beach (N1D), and finally
the intertidal site (N1). Water levels did not appear to have reached Sites
N1D or N2 again after 
Hurricane Isaias, during 
high tides 6 – 8. Since Site 
N2 was only inundated 
during the storm, ruling out 
any major aeolian transport 
contributions prior to or 
after the storm, it is 
reasonably likely that the 
accretion observed at Site 
2 was entirely due to 
Hurricane Isaias storm surge 
deposition.

Table 2. Beach 
slopes at Masonboro
Island (MASE) and 
Kure Beach Pier 
(KBPIER), before & 
after Hurricane 
Isaias. Note: MASE 
beach slopes only 
span the backshore.

MASE KBPIER

N1D to N2 N1 to N1D Backshore Foreshore

Before Isaias 0.044 0.034 0.039 0.110

After Isaias 0.046 0.044 0.117 0.058

Absolute Change 0.002 0.010 0.078 -0.052

Initial beach slope, berm width, and berm height may be key factors in the morpho-
dynamic response of a barrier island to otherwise identical nearshore forcing
conditions. Two nearby beaches, with similar orientation relative to the prevailing
winds and wave direction, Masonboro Island and Kure Beach, experienced
significantly different responses to Hurricane Isaias. Kure Beach had a higher berm
and steeper foreshore before the storm compared with Masonboro Island (north
end). Kure Beach eroded significantly, while Masonboro Island (north end)
experienced accretion across the entire upper beach, in spite of the total water
levels reaching the dune toe during peak storm surge at both locations.
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[LEFT] Figure 11. (a) Atmo-
spheric pressure. 𝑷𝑷𝒎𝒎𝒂𝒂𝒎𝒎, at 
CMSDOCK. (b) Gage 
pressure (measured 
pressure less 𝑷𝑷𝒎𝒎𝒂𝒂𝒎𝒎) at three 
RBR sites, N1, N1D, and 
N2, on Masonboro Island. 
High tides are numbered 
(1) thru (8). Times in EDT.
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