












Soundside Hurricane Impacts in North Carolina 235

Figure 7. Trees felled by Hurricane Emily in the Buxton, NC area indicate that maximum winds were blowing from Pamlico Sound
(to the left in photo) toward the Atlantic Ocean (to the right in photo).

Figure 8. North Carolina Highway 12 north of Avon. Sand bags lining the road were uncovered by Emily. Note difference in
elevation between road and beach in front of bags. The artificial frontal dune has prevented overwash for 60 years or else island
elevation would be equal to that of the beach.
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Figure 9. In the town of Buxton, North Carolina Highway 12 was flooded by soundside storm surge during Hurricane Emily. View
is from ocean looking west. Note lack of sand in shore-perpendicular roads, evidence that there was no overwash from the ocean.

Debris carried inland by the storm surge waters
and storm waves is left stranded as a wrack line
at or near the maximum water level when water
levels recede. Wrack line elevation measurement

Figure 10. Estimate of storm surge levels during Hurricane
Emily. Numbers 1-22 in circles are wrack line elevations mea­
sured six weeks after the storm. The study area is divided into
three areas based on shoreline orientation, elevation, vegetation
and development. Solid hexagons are storm surge elevations as
measured from water marks in buildings by ROGERS (personal
communication, 1994). See text, Figure 4, and Table 1 for fur­
ther discussion and information.

is an easy means of estimating height of storm
surge flooding. It is not often clear, however, ex­
actly what storm processes are represented by a
given wrack line. A wrack line may form at max­
imum storm surge level, some higher level owing
to storm-wave swash, or at some lower water level.
Certain mechanisms may work to deposit wrack
below maximum water level. For example, thick
or high vegetation can snag and impede the wrack
and trap it as water levels continue to rise. Struc­
tures such as houses, fences, and docks can also
strand wrack at elevations lower than maximum
storm surge. Another complicating factor results
from the potential for multiple advances and re­
treats of storm-surge waters leaving multiple de­
bris lines.

The wrack line deposited by Emily was contin­
uous and greater than 1 m thick in places, com­
prised of salt marsh grass and other plant debris
common to the estuarine environment of Pamlico
Sound (Figure 6). Measurements of the wrack line
elevation were made using a Jacob Staff and lev­
eling rod at 22 locations from just south of Avon
to Hatteras Inlet (Figures 4, 10). Measurements
were taken in mid- to late-October, approximately
6 weeks after Emily. Qualitative observations the
day after Emily indicate no post-storm changes
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Table 1. Hurri cane Emily deposit ed wrack lin e elevations as measur ed at 22 stations along th e Outer Banks of No rth Carolina
betw een Avon and Hatteras Villa ge. Th e study area is broken into three sections . averages and standard deviations are given for
each area. Average for all stations "' 1.9 m. Se e Figure 4 for area locati ons . Figur e 10 for elevation plot .

Area I Area 2 Area 3

Sta tion Elevation Sta tio n Elevat ion Station Elevati on

1 2.1 9 1.6 17 1.4
2 2.5 10 2.4 18 1.4
;3 2.5 11 2.9 19 1.4
4 2.4 12 1.7 20 1.7
5 2.1 13 2.2 21 1.8
6 2.3 14 2.0 22 1.2
7 2.6 15 1.2
8 2.5 16 0.7

Average = 2.4 m Average = 1.8 m Average ~ 1.5 m
Standard deviation - 0.2 S tandard devi ati on ~ 0.7 Standard deviat ion = 0.2

in wrack line size, distribution, or elevat ion in the
intervening six weeks .

Most measurements were mad e by surveying
from th e sounds ide of the island to the top of the
wrack line using the high water line as the initial
elevation reference. In Area s 1 and 3, the wrack
line elevat ion was measured dire ctly from the high
water line of Pamlico Sound . In Area 2, where
vegetation and development intervened and Pam ­
lico Sound was not with in line of sight, finger
cana ls provided an inland high-water mark lo­
cation for initial reference. In all cases, wrack line
elevation was measured at its farthest landward
extent.

T able 1 and Figures 4 and 10 pr esent the results
of the wrack line mea surements. Maximum mea ­
sured wrack line elevat ion was 2.9 m just west of
Buxton. The wrack line elevati on averaged 1.9 m
for the study area. Areas 1 and 3, which conta in
little or only low vegetation , wrack lines are both
higher and more consistent in elevation than in
Area 2. Because of the lack of intervening vege­
tation or buildings, wrack line elevations in areas
1 and 3 were ass umed to be at , or near, ma ximum
storm surge plus wave swash. Between Buxton
and Fris co, wrack line developm ent was likely im ­
peded by var iat ions in vegetation and develop ­
ment.

ROGERS (personal communicati on, 1994) in­
dependently estimated storm surge levels from
high water mark s, interpret ed as sti ll wat er levels
without waves . In that study, measured surge el­
evations were: 2.1 m at Hattera s Village , 3.2 m in
Buxton, and 2.3 m in Avon (data shown as solid
symbols on Figure 10). These values are similar
in magnitude and tr end (conside ring the three

geomorphic areas mentioned abo ve) as dedu ced
from wrack line elevation measurements. This im­
plies that wrack , when unimpeded by in tervening
vegetation or development , is deposited at an el­
evation th at is closer to " still water" surge levels
and not a higher, sto rm-surge-plus -wave-swash
elevation. This is not conclusive evidence of de­
positional mechani cs of wrack line s, however , as
no still-water elevation mark s were available from
the stretches of shoreline without intervening veg­
etation or development.

The site of highe st measured wrack line ele ­
vation (2.9 m) is located within Area 2, th e st retch
with th e widest range of wrack line elevations
(Tabl e 1; Figures 4 and 10). The site of this mea­
surement is on a steep 5 m slope at the end of a
finger canal (Figure 11). It appears th at the finger
canal acted to funn el surge water causing a local
maximum. In this locati on, the measured wrack
line elevat ion is consid ered to be at or near max ­
imum storm surge height, and it compares favor ­
abl y with the surge heigh t for Buxton of 3.2 m
reported by ROGERS (p ersonal communicatio n,
1994).

STORM-SURGE EBB

Hurricane related storm-surge ebb damage was
discussed after recent Hurricanes Gilbert (1988)
and Hu go (1989) (T HIELER et al., 1989; THIELER
and BUSH, 1991). Previously, storm-surge ebb im­
pa ct of Hurricane Camille (1969) on th e lagoon ­
sid e of the Chandeleur Islands of Louisiana was
discussed by WRIGHT et at . (1970). Storm-surge
ebb scour holes were described by P ENLAND et al.,
(1980) in a study of the Alabama barrier islands
after Hurricane Fr ederi c in 1979. MCGOWEN et
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Figure 11. This finger cana l and marina in Fri sco acted to funn el surge. crea t ing a maximum storm surg e here as deduc ed from
wrack line measurements . See Figure 4 for locat ion; Figure 10 and Table 1 for wrack lin e elevation data.

at. (1970) pr ovides a model of wind circulation
and flooding of barrier islands. MORTON et at.
(1985) discuss es back -island flooding and hy­
dr aulic head differences related to storm history
and wind direction.

Emily's storm surge flooded across Hatteras Is­
land from the soundside to th e back of the frontal
dune line . Storm-surge ebb scour, however , was
not apparent. Storm surge ebb is driven by gravity
but can also be wind aided depending on the ori ­
entation of the shoreline relative to th e track of
the storm. High storm surge and/or reversing
winds both cont ribute to maximum storm- surge
ebb flow velocities. Without one or the other,
st orm- surge ebb impact s will likely be slight.

During Emily, both low storm surge levels and
the lack of reversing winds kept storm-surge ebb
impact to a minimum. The magnitude of storm
sur ge was lower during Emily th an , for example,
during either Gilbert or Hug o (maximum of 2.9
m for Emily versus 6 m for Gilb ert and 3- 5+ m
for Hug o). Figure 3 shows th at , owing to the tr ack
of Emily, there were never any soundward-di­
rected wind s after Emil y's closest passage to aid
in storm-surge ebb flow.

Structures such as groins and shore-perpendic­
ular road s ending in dune gaps which have been

reported t o chan nel storm-surge ebb waters
(T lIIELER et al. , 1989; THIELER and BUSH, 1991;
GAYES, 1991; LENNON, 1991). Su ch structures are
largely lacking on Hatteras Island. Another pos­
sible considera tion is that during Emily, the main
oceanside dune ridge likel y acted as a dam, pre­
venting the elevated water of'Pamlico Sound from
flowing across Hatteras Island and into the ocean.
Thus, once Emil y had passed , storm-s urge waters
flowed back into Pamlico Sound and with no ma­
jor geomorphic features, such as dunes, to cut
through.

CONCLUSIONS

Emily was a minimal Category 3 hurricane that
cau sed soundside flooding of the Cape Hatteras
area of North Car olina. The storm remained just
offshore while moving north along the North Car­
olina coast. This, combined with the orienta tion
of the coas t line, afforded an opport unity to ob­
serve the impacts of seaward-blowing wind s dri v­
ing storm-s urge flooding and waves onto a lagoon
shoreline. The fact that Emily stayed offshore of
the Outer Banks meant the right front (most in­
tense) quadrant of the sto rm never affected land.
The shape of the Cape Hatteras cuspate foreland
cont ributed to geomorphic amplification of storm
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surge, increasing flooding and wave damage on
the soundside.

A wrack line was deposited along the entire 25
km stretch of shoreline most severely impacted
by Emily. Where there was little or no intervening
vegetation, debris was carried from Pamlico
Sound, across Hatteras Island, and deposited on
the back side of the oceanfront frontal dune line.
Maximum wrack line elevations provide a rea­
sonable estimate of peak storm surge elevation,
which is estimated to be approximately 2.9 m.
Differences in wrack line elevations were con­
trolled by geomorphic funneling of surge water
on the concave estuarine shoreline of Hatteras
Island, variations in intervening vegetation type
and density, and the effect of intervening devel­
opment. Elevations of wracklines are similar to
storm surge (still water elevations) reported by
ROGERS (Personal Communication, 1994) as de­
termined from high water marks in buildings.

Only one major stretch of dunes was breached
during Emily, the area of a sandbag seawall just
north of Avon. This is a site of historic overwash.
No extensive sand washover occurred, so little or
no new sediment was deposited on the island or
in the sound.

The impact of Emily on the Outer Banks of
North Carolina was relatively minor. Despite the
various damage and disaster reports prevalent in
the media, the long-term geological impacts of
Emily are likely to be minimal.
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