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1 Author remarks

Author reply to comments

Original text and added text

Line numbers from Original and Revised manuscripts

Reviewer 1

1.1. The authors have done a reasonable job in addressing the initial comments, particu-
larly in clarifying aspects of methodology and improving the structure of the manuscript.
The case study presented is well-articulated and the data are clearly analysed and inter-
preted.
However, concerns remain regarding the lack of international context. At present, the
manuscript is limited to a U.S.-based case study, with little reference to comparable
studies elsewhere. To strengthen the manuscript’s broader relevance and scholarly con-
tribution, the authors are encouraged to add a paragraph discussing barrier breaching
and overwash studies from other regions. Some suggested references include Sánchez-
Arcilla and Jiménez (1994) and Zăinescu et al. (2019) for European examples (there are
many), Noval (2024) for Brazil, Soria et al. (2020) for the Philippines, and Gouramanis
et al. (2025) for India. These studies provide valuable comparative insights and may
include additional references worth integrating.
Incorporating this international perspective would improve the manuscript’s depth and
relevance. It is recommended that the authors return to the global literature in the
second or third paragraph of the discussion, and again in the conclusion, to reflect on
how their findings align with or diverge from those in other geographic contexts. I think
this will greatly enhance the paper’s appeal to an international audience and demonstrate
its contribution to broader coastal geomorphological research.

Thank you for providing more insight into making this paper broadly applicable
rather than isolated to a single case study. We have updated the text to include
some of the suggested references and added additional references that matched our
updated paper. The additions have been added to the introduction, discussion,
and conclusion and the additions and their line numbers are below.

Barrier islands are long, shore-parallel, low-relief land masses that are adjacent
to approximately 6.5% of the world’s coastlines (Oertel, 1985; Stutz and Pilkey,
2001). According to Oertel (1985) barrier island systems consist of six sedimentary
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environments; proximity to the mainland, a back-barrier region (bay or lagoon),
an inlet and inlet delta, the barrier island, the barrier platform, and the shoreface.
Barrier islands are protective structures that help dissipate wave energy and storm
surge approaching the mainland from the ocean. Barrier island dunes that are
higher than the approaching storm surge cause wave breaking, which reduces the
impact of the surge when it reaches the back-barrier bay (Oertel, 1985; Irish et al.,
2010). Vegetated low-lying dunes are more resistant to erosion and will absorb
some of the seaward driven surge and wave energy. The dissipation of wave energy
ensures that barrier islands undergo significant changes during storms and hurri-
canes, one of which is breaching. A breach is an opening in a narrow landmass,
such as a barrier island, that allows a direct hydrodynamic connection between the
ocean and the back-barrier bay or lagoon (Kraus, 2003; Wamsley and Kraus, 2005).
Naturally occurring breaching is a complex process that involves the interaction of
storm surge, waves and their resulting overwash with barrier island width, height,
sediment characteristics, vegetation, and underlying geological structures. Storm
forcing combined with local bathymetry is necessary to initiate the conditions that
lead to breaching. Variations in storm size, intensity and locale may cause breaches
in some locations but not in others.
During storm-induced overwash and inundation, water flowing across the island can
scour a channel between the sea and the back-barrier region (Kraus, 2003; Pierce,
1970; Roelvink et al., 2009). This scouring requires strong flow and sustained
inundation. Breaching can occur from both the seaward and landward side of the
barrier island, but field data are limited in showing the direction of breach initiation
(Kraus, 2003; Pierce, 1970; Smallegan and Irish, 2017). However, Smallegan and
Irish (2017) show that bay surge following peak ocean surge is more likely to
cause breaching from the landward side, as peak ocean surge already weakened the
dune through erosion caused by wave attack and swash (Kraus, 2003; Smallegan
and Irish, 2017). Identifying breach locations is challenging; localized lows for
dune height and narrower portions of the island are more likely potential breach
locations (Kraus, 2003; Kraus and Wamsley, 2003). One study by van der Lugt
et al. (2019) simulated Hurricane Sandy (2012) using surge-tide levels, 2D wave-
spectra, and sediment transport to model barrier island morphodynamics with
pre-storm LiDAR bathymetric grids. The sediment transport model generated two
breaches at peak erosion sites, but neither breach location matched the observed
breach that opened during Hurricane Sandy (van der Lugt et al., 2019).
Studies focusing on coastal barrier morphodynamics during storms provide valuable
insights into the erosion processes that can lead to breaching. Novak et al. (2024)
demonstrate how the angle at which the storm surge and waves approach the
island can exploit existing barrier vulnerabilities, resulting in extensive overwash
deposits at the Paraíba do Sul River Delta Complex along the northern coast
of Rio de Janeiro, Brazil. Their work emphasizes that vulnerability assessment
must consider both event-scale storm characteristics and longer-term barrier
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evolution patterns, as areas weakened by previous storms or longer-term barrier
morphological changes can create points along the barrier that are more vulnerable
to breaching and overwash. Similarly, analysis of a large breach along the
Trabucador Bar in Spain led researchers to develop an erosion susceptibility index
for different portions of coastal barriers, which incorporates barrier height, width,
and offshore bathymetry to identify locations vulnerable to overwash and breaching
(Sánchez-Arcilla and Jiménez, 1994). However, such indices require calibration
for specific barrier geometries and wave climates, limiting their transferability
across different coastal systems. The distinction between overwash and breaching
represents a critical threshold in barrier response to storms. Analysis of overwash
deposits serves as a critical tool for understanding storm-sediment dynamics in
regions where direct storm observations are limited (Soria et al., 2021; Novak et
al., 2024; Zǎinescu et al., 2019; Donnelly et al., 2006; Houser et al., 2008; Matias
et al., 2008). While these morphodynamic studies improve our understanding of
where breaching may occur, we are still limited in data of breaching during actual
storm events.
Quantifying breach dimensions during hurricanes is challenging. While breach
growth over time has been documented (Kraus and Wamsley, 2003; Schmeltz et al.,
1982), these studies focus on days to months post-storm. Predicting breach loca-
tions and tracking their growth during a hurricane is not feasible. Lab and field
experiments by Visser (1999) for breaches in dikes are useful but the breach is initi-
ated with a pre-drilled hole in the dike and does not simulate exactly what occurs to
barrier islands during storms. Buynevich and Donnelly (2006) performed geologic
mapping of some New England, USA barrier islands and found geologic signatures
to indicate the islands’ past history with breaching and overwash. Buynevich and
Donnelly (2006) found ephemeral breaches with widths of 10 - 30 m before closing
and breach depths of one - three meters below the dune crest. Some post-storm sur-
veys have defined breach sizes before natural or forced closing. Kraus and Wamsley
(2003) discusses Pike’s Inlet on Long Island, New York, USA which was initially
measured after the hurricane at 304.8 m wide and a nearby breach named Little
Pike’s Inlet was initially 30.48 m wide but over several months grew to over 914.4
m before it was closed. A breach near Moriches Inlet on Long Island studied by
Schmeltz et al. (1982) had an initial size of 91.4 m and 0.61 m depth. This breach
expanded to 885 m with a depth of three meters before it was mechanically closed.
The uncertainties in breach dimensions and in where, how, and when breaches oc-
cur remains one of the many issues facing coastal communities today, due to the
inability to predict or plan for the probable impacts of a breach forming where
populations are highest.
Barrier islands are found along the coasts of 18 US states bordering the Atlantic
Ocean and Gulf of Mexico (Zhang and Leatherman, 2011). As coastal populations
have increased significantly in recent decades, the protective nature of barrier is-
lands has become more crucial (Zhang and Leatherman, 2011). According to the
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US National Hurricane Center (NHC), storm surge is the leading cause of loss
of life and property damage during hurricanes (National Hurricane Center, 2006).
Storm surge can cause flooding that damages structures, closes roads, and dis-
rupts coastal communities. It can also accelerate erosion on barrier islands and
the mainland, increasing flood risk. Understanding how barrier island breaching
affects coastal flooding from storm surge is vital for risk assessment and mitigation.
A hydrodynamic connection between the ocean and back-barrier region can lead
to increased flooding and wave action during hurricanes, heightening risks to pop-
ulations and property. However, there is little information on how different breach
morphodynamics affect the mainland.
In this paper, we explore the different inundation patterns and surge depths at
Moriches, New York, USA for a storm that approximates the 1938 Hurricane.
Using GeoClaw, software capable of modeling storm surge, we artificially alter the
bathymetry of a barrier island during a storm simulation to create breaches in
the barrier island (Mandli et al., 2016). This method removes the complexities of
modeling the morphological processes driving breach formation so we can purely
study the coastal response to these breaches. We randomized the number, width,
and depth of these synthetic breaches to gain a statistical understanding of how
these parameters influence coastal inundation and bay storm surge.

Original: 15 - 80
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Fig. 4 shows how surge timing and maximum surge vary across scenarios for
each bay section. Many Location simulations have breaches in the southwest por-
tion of the barrier island. The peak ocean surge spreads from the southwest to
northeast before landfall, causing these breaches to open earlier than in other
scenarios. This is pattern is most evident in west gauges (a and b), where the
surge arrives earlier and is larger than simulations with breaches closer to the in-
let. The central gauges illustrate that while the Location surge remains larger, its
timing is more aligned with other scenarios. The eastern gauges maximum surge
is not much higher than the other categories, but the surge still arrives earlier due
to water entering the bay from the southwest breaches. The strong correlation
between breach locations and surge direction aligns well with findings from other
coastal barrier studies. Novak et al. (2024), explain that surge and wave angles
approaching the barrier can exploit local topographic lows and thin sections of the
dune system, leading to an increased probability of overwash and breaching. Once
breached the wave and surge angle can increase flooding landward of the barrier
(Novak et al., 2024; Sánchez-Arcilla and Jiménez, 1994; Houser et al., 2008).
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Figs. 8, 9 , and 10 highlight the key findings from our simulations. Total
breach area is a strong predictor of total inundation; however, breach location
is also crucial, especially given the storm’s forcing dynamics and surge direc-
tion. Similarly, a study by Gharagozlou et al. (2021) on breaching’s impact
on lagoon circulation during Hurricane Isabel illustrates how breaches alter
flow patterns and introduce larger volumes of ocean water into the lagoon.
These findings can be compared to our results, which demonstrate that
breach location significantly influences storm surge behavior and its subse-
quent effects on coastal flooding (Gharagozlou et al., 2021). While this study
does not include tides and waves, they significantly influence bay surge dy-
namics and contribute strongly to breach initiation and growth as described
in Smallegan and Irish (2017); Sherwood et al. (2014); Safak et al. (2016)
Smallegan and Irish (2017); Sherwood et al. (2014); Safak et al. (2016);
Sánchez-Arcilla and Jiménez (1994). The stochastic nature to these pro-
cesses makes them difficult to model, and much of our understanding relies
on empirical observations from geological studies or post-storm surveys of
barrier island systems (Kraus et al., 2002; Buynevich and Donnelly, 2006)
Kraus et al., 2002; Buynevich and Donnelly, 2006; Soria et al., 2021; Novak
et al., 2024; Sánchez-Arcilla and Jiménez (1994). Incorporating tidal or
wave components into our simulations could result in different patterns
of breaching and inundation. Our use of offshore water levels to model
breaching assumes wave action contributes to breach initiation, based on
prior studies and observations.

2 Conclusions

The breaching of a barrier island during a hurricane shows a strong impact
on mainland inundation. The number, locations, and size of the breaches can
significantly alter the inundation pattern along the mainland coastline. While
the impact of barrier-island breach during storms is unquestionable, more re-
search is needed to better quantify the uncertainties of the breaching process.
In particular, the statistical distribution of the breach parameters might vary
for different barrier island systems. This is particularly important for barrier
island systems that lack extensive datasets on past storms and breaching
events, or for storm conditions that have yet to be observed. In this con-
text, our work is categorized as preliminary and highlights the importance of
understanding how barrier-island breaching affects the vulnerability of main-
land coastal areas to storm impacts. The global prevalence of coastal barrier
systems presents numerous opportunities to advance our understanding of
breaching’s impacts across diverse coastlines and storm conditions. This un-
derstanding offers opportunities to enhance infrastructure resilience, reduce
potential loss of life, and minimize community disruptions caused by storms.
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