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The impact of storm surge on a barrier island tends to be considered from a single cross-shore dimension, depen-
dent on the relative elevations of the storm surge and dune crest. However, the foredune is rarely uniform and
can exhibit considerable variation in height and width at a range of length scales. In this study, LiDAR data
from barrier islands in Texas and Florida are used to explore how shoreline position and dune morphology
vary alongshore, and to determine how this variability is altered or reinforced by storms and post-storm recov-
ery. Wavelet analysis reveals that a power law can approximate historical shoreline change across all scales, but
that storm-scale shoreline change (~10 years) and dune height exhibit similar scale-dependent variations at
swash and surf zone scales (b1000 m). The in-phase nature of the relationship between dune height and
storm-scale shoreline change indicates that areas of greater storm-scale shoreline retreat are associated with
areas of smaller dunes. It is argued that the decoupling of storm-scale and historical shoreline change at swash
and surf zone scales is also associatedwith the alongshore redistribution of sediment and the tendency of shore-
lines to evolve to amore diffusive (or straight) patternwith time. Thewavelet analysis of the data for post-storm
dune recovery is also characterized by red noise at the smallest scales characteristic of diffusive systems, suggest-
ing that it is possible that small-scale variations in dune height can be repaired through alongshore recovery and
expansion if there is sufficient time between storms. However, the time required for dune recovery exceeds the
time between storms capable of eroding and overwashing the dune. Correlation between historical shoreline re-
treat and the variance of the dune at swash and surf zone scales suggests that the persistence of the dune is an
important control on transgression through island migration or shoreline retreat with relative sea-level rise.
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1. Introduction

The vulnerability of a barrier island to extreme storms depends on
the elevation of the total water level (tide + storm surge + wave run-
up) relative to the height and volume of the foredune (Thieler and
Young, 1991; Sallenger, 2000; Morton, 2002; Houser and Hamilton,
2009). Storms can have a range of visible impacts, fromminor scarping
at the base of the dune to overwash and/or breaching when dune
heights are relatively small compared to the storm surge (Sallenger,
2000; Hesp, 2002). Depending on the regional sediment supply, sea-
level rise may lead to island transgression through either landward mi-
gration or shoreline retreat during storms capable of overtopping or
breaching the dunes, thus transporting sediment to the back-barrier
shoreline in the form of washover fans and terraces. The threshold
surge required for the dunes to be overtopped or breached decreases
as sea level rises, and the probability of island overwash and island
transgression increases. A lower washover threshold also develops

where dunes lack height (Sallenger, 2000), creating the potential for
rapid transgression and even overstepping of relatively low islands.
For an island to transgress and remain a subaerial landform requires
that the island can move landward and remain above sea level through
the redistribution of sediment throughwashover from the seaward side
of the island to the back-barrier shoreline.

A simple two-dimensional model of storm impact is overly simplis-
tic and does not explicitly recognize alongshore variability in dune
height and volume at a range of scales (Walker et al., 2017). At the larg-
est spatial scales, alongshore variability in dune height is a result of is-
land transgression over a framework geology of irregularly preserved
stratigraphic units of variable ages, composition and geometries and/
or sedimentary features offshore. The variable framework geology alters
the local bathymetry, sediment supply, and sediment texture, which
combined alter the supply and transport of sediment amongst the near-
shore, beach and dune (seeMcNinch, 2004; Houser, 2009, 2012; Hapke
et al., 2010; Houser and Mathew, 2011; Lentz and Hapke, 2011). At
smaller scales, dune variability can develop in response to swash and
surf zone scale (b1000 m) variations in storm surge (e.g. Stockdon
et al., 2007) or anthropogenic forcing (e.g. Smith et al., 2008;
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Kratzmann and Hapke, 2010; Lentz and Hapke, 2011; Houser et al.,
2012; Jewell et al., 2014; Elko et al., 2016). Because the washover
threshold is lower for those areaswhere the dune height and/or volume
is lower, gaps in the dunes are reinforced during each storm (see
Weymer et al., 2015), and potentially expanded through lateral erosion
of adjacent dunes (see Houser and Hamilton, 2009; Houser, 2013). An
increase in the frequency and/or magnitude of storm surge has the po-
tential to promote burial-tolerant species and the development of low
dunes and a new equilibrium state (Stallins and Parker, 2003; Durán
and Moore, 2013; Wolner et al., 2013). However, given sufficient time
between storms, it is possible for dune-building vegetation to recolonize
the beach, and for sediment to be delivered to the beach from along-
shore or offshore sources (e.g. Héquette and Ruz, 1991; Psuty, 1992;
Schwab et al., 2000; Hansom, 2001; Houser et al., 2008). In this respect,
the rate of island transgression depends on the probability and realized
sequencing of storm surge events relative to the average height and
variability of the foredune alongshore across a range of spatial scales
(see Sallenger, 2000; Masetti et al., 2008). As shown by Duran and
Moore (2015), rapid sea-level rise has the potential to cause islands to
become trapped in a low-elevation state that is susceptible to erosion
and washover during relatively small storms.

Quantifying the scales at which shoreline change and dune
morphology vary alongshore is an essential step to understanding the
physical processes controlling beach and dune morphology, and the
evolution of barrier islands in response to storms and sea-level rise. Re-
cent work by Tebbens et al. (2002) and Lazarus et al. (2011) showed
that shoreline change (the trend in shoreline location through time)
along the Outer Banks follows a power law alongshore, which suggests
that a single processmay dominate across scales from small scale swash
zone processes (b100 m) to the scales typically associated with varia-
tions in the framework geology and island curvature (N1000 m). In
other words, shoreline change appears to be scale invariant (see Bak,
1996; Murray, 2007), despite different processes and feedbacks operat-
ing at swash, surf zone, shoreface and island scales (see Lazarus et al.,
2011). The scale invariant nature of shoreline change is due to the de-
velopment of alongshore transport gradients that dissipate small-scale
variations in the shoreline, and the dominance of large-scale gradients
resulting from island curvature or a dominant framework geology (see
Stone et al., 1992). While historical shoreline change has been shown
to be scale independent, the persistent alongshore variation of dune
height onmany barrier islands suggests that dunemorphologymay ex-
hibit a scale-dependent behavior associated with the framework geolo-
gy. This is consistent with recent field and modeling studies that
demonstrate how gaps in the dune are maintained/reinforced through
lateral erosion by washover (Houser, 2013; Weymer et al., 2015;
Goldstein and Moore, 2016), and blowouts (Jewell et al., 2014). Since
washover affects longshore transport gradients through the redistribu-
tion of sediment, it is reasonable to expect that storm-scale and histor-
ical rates of shoreline retreat depend (to varying degrees) on the
alongshore variability of dune height, once established. It is important
to note that the relationship between dune height variability and shore-
line retreat is not unidirectional as shoreline retreat from a lack of sed-
iment supply or frequent storms limits the ability of the dune to recover,
which leads to increased washover and a maintenance of the variability
(see Houser, 2013; Durán and Moore, 2013; Wolner et al., 2013).

The purpose of this study is to quantify the alongshore scaling of
dune height and where possible dune height recovery at several barrier
islands from Texas, Florida and Maryland in relation to storm-scale
(b10 year) and historical (~100 year) shoreline change. It is important
to note that the focus of this study is not on the differences in dune
height and morphology between islands in response to variations in
sediment supply and transport amongst nearshore, beach and dune
(see Hesp, 2002; Walker et al., 2017). Rather, the focus of this study is
to determine how dune height and morphology vary across multiple
spatial and temporal scales on islands that have been the focus of sever-
al beach-dune interaction studies by the authors.

1.1. Study sites

The analysis for this study was completed at Gulf Islands (GI), North
Padre Island (PN), South Padre Island (PS), Matagorda Peninsula (MP)
and Folletts Island (FO) (Fig. 1). These islands were selected based on
the availability of data, and a priori knowledge by the authors of wheth-
er the islands have a variable framework geology. Additional data from
Assateague Island (AI), from Hammond (2015), was used to examine
the relationship between dune variability and alongshore average his-
torical island retreat. The lack of adequate spatial series for storm-
scale and historical shoreline retreat restricted the use of AI for most
of the analyses. The alongshore variation in dune height for all island
is presented in Fig. 2.

1.1.1. Gulf Islands, Florida (GI)
The Gulf Islands is a narrow sandy barrier island extending 96 km

from East Pass near Destin to Pensacola Pass in the west. The focus of
this study is a 35 km stretch of Gulf Islands in northwest Florida that
was impacted by hurricanes Ivan (2004), Dennis (2005) and Katrina
(2005). This area has also been the focus of numerous previous studies
of storm response and recovery within the Gulf Islands National
Seashore (e.g. Houser et al., 2008; Houser and Hamilton, 2009;
Claudino-Sales et al., 2010). The island is fronted by a ridge and swale
bathymetry that creates a coincident variation in beach and dune mor-
phology ranging from transverse bar and ripmorphology and small dis-
continuous dunes landward of the swales to longshore-bar and trough
with relatively large dunes landward of the offshore ridges. A geological
survey by Houser (2012) supported an earlier theory presented in
Houser et al. (2008) that the ridge and swale topography may be a
transgressive surface that developed in as the islandmigrated landward
with relative sea level rise. In this respect, the variation in beach and
dune morphology is expected to exhibit a strong dependency on the
framework geology.

1.1.2. North Padre Island, Texas (PN)
Padre Island is characterized by a relatively dissipative profile with

multiple bars offshore and a wide low-angled beach profile. Geologic
surveys suggest that Padre Island developed either from offshore shoals
and spit accretion or from sediment migrating from older beach ridges
submerged by rising sea level (Brown and Macon, 1977; Fisk, 1959;
Weise and White, 1980). As sea level stabilized towards the present-
day, a chain of short barrier islands along the Texas coast developed be-
tween the divides of older Pleistocene river valleys, and the short bar-
riers accreted into larger barriers that compose the modern Texas
coastline through alongshore drift (Fisk, 1959). In this respect, shoreline
change, and beach and dune morphology at Padre Island is influenced
by the framework geology, but not with the alongshore regularity ob-
served at GI. Driving is permitted on PN and has been shown to lower
the elevation of the dune crest through a reduction in the elevation of
the beach and backshore elevation. The lower elevation of the dune
base and crest makes the dunes driving section susceptible to scarping
and overwash during storms (Houser et al., 2012), which in turn in-
creases the amount of sediment transported landward of the dune
through washover or blowouts (Jewell et al., 2014).

1.1.3. South Padre Island, Texas (PS)
South Padre Island is the southernmost part of a large arcuate system

of barrier islands and spits that extends approximately 600 km from the
Bolivar Peninsula at themouth of Galveston Bay. Sediment to the barrier
is largely supplied by sediment from the Rio Grande River Delta to the
south, but reductions in the flow of the Rio Grande and reservoir sedi-
mentation have led to a substantial loss of sediment supply (Morton
and Pieper, 1975; Mathewson and Minter, 1976). Consequently, the is-
land has been experiencing widespread erosion, particularly during
hurricanes capable of breaching the dunes and moving sediment into
Laguna Madre through washover channels (Shideler and Smith,
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