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A critical review is presented on the state of knowledge and calculation capability for coastal overwash. Overwash
and overwash deposits (washover) accompanying hurricanes and severe storms can devastate coastal communities
and habitat, but in many areas these processes are essential for maintaining the integrity of barrier islands while
creating new habitat. This review covers general studies of overwash processes, studies from a geological perspective,
physical modeling, field studies including measurements of washovers and related hydraulics, and the state of nu-
merical modeling capability to predict overwash. Although significant literature exists describing individual overwash
events and locations experiencing frequent overwash, complete hydrodynamic and morphologic documentation of an
overwash event is lacking. A limited number of algorithms or models exist to quantify overwash occurrence, deposited
sand volume, and upper beach profile evolution. Existing models of overwash occurrence and one-dimensional beach
profile evolution have been shown to perform successfully against available data, and areas of improvement are
identified. Models must be made capable of simulating the various washover morphologies that have been produced
by different hydrodynamics, overwash spreading based on dune topography, friction and percolation, and interaction

between swash bores. Comprehensive laboratory and field data sets to achieve these aims are still lacking.
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INTRODUCTION

The capability to predict the occurrence and consequences
of storm damage is an important responsibility of coastal en-
gineering. Coastal overwash occurs frequently around the
world, but it is most evident following hurricanes and winter
storms on the Atlantic and Gulf Coasts of the United States.
The capability to quantitatively predict and simulate over-
wash and overwash deposits (washover) is just beginning to
emerge. This paper reviews the state of knowledge of coastal
overwash and modeling capability with the intent of stimu-
lating research in this area. The review updates and extends
information presented in a collection of papers entitled Ov-
erwash Processes, compiled and edited by LEATHERMAN
(1981).

Overwash is the flow of water and sediment over the crest
of the beach that does not directly return to the water body
(ocean, sea, bay, or lake; hereafter, ocean) where it originat-
ed. Overwash occurs if either wave runup level or storm
surge level (water level in excess of predicted tide) exceeds
beach crest height. If the storm surge coincides with high
tide, the surge level and hence potential for overwash is
greater. For moderate storms, it is possible for overwash to
start near high tide and stop during lower stages of the tide,
depending on the storm surge and the elevation and width of
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the beach. Figure 1 shows an example of large-scale landward
overwash of Assateague Island, Maryland/Virginia, United
States, following successive northeasters on 24 January and
5 February 1998. The overwash reached Sinepuxent Bay, lo-
cated to the west (left side of picture), at several locations.
Vegetated washover deposits from previous storms are evi-
dent on the bay side of this barrier island.

Hydrodynamic and morphologic conditions promoting ov-
erwash are most common on sandy barrier islands, but ov-
erwash can also occur on lakes, on low-profile mainland
coasts, on spits, and on gravel or shingle beaches. This review
found documentation of overwash on the coasts of Australia,
Canada, Denmark, Ireland, Portugal, Spain, the U.K., the
United States, on the Baltic Sea, on the Black sea and on the
Great Lakes of Canada and the United States. The majority
of the literature pertains to overwash on the barrier islands
of the Atlantic and Gulf coasts of the United States.

Washover is the sediment deposited inland of a beach by
overwash. Washover can be deposited onto the berm crest or
as far as the back barrier bay, estuary, or lagoon. Overwash
of the mainland deposits sediment landward of the local
beach crest. The quantity and shape of washover depends on
the relative levels of the beach crest, water level, and wave
height, and the duration of the storm, together with the back
beach morphology, vegetation, and wind strength and direc-
tion.

On barriers, seaward overwash may also occur, the result
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Figure 1. Large-scale overwash on Assateague Island, Maryland/Virginia, following northeasters in late January and early February 1998. (View looking
northwest; picture taken 8 February 1998.) For color version of this figure, see page 888.

of high bay water level and strong wind creating wind setup
and waves incident toward the back barrier shoreline. Severe
overwash occurs primarily in association with a major storm
or a hurricane, although large morphological change by non-
storm washover is also possible, for example as observed on
the Colombian Pacific coast by elevated sea level most likely
caused by El Nino and spring tides (MORTON et al., 2000).

Overwash is a natural process, and new washover areas
sustain unique ecosystems, such as salt marshes that support
various species of salt-resistant plants (e.g, halophytes)
(GopFREY and GODFREY, 1974) and the habitat necessary for
piping plover (Charadrius meloduso), an endangered species
along the Atlantic and Gulf coasts of the United States. On
a pristine coast, overwash and windblown sand are the mech-
anisms by which the barrier islands migrate, and possibly
how the barrier islands respond to sea-level rise (e.g., BYRNES
and GINGERICH, 1987; DoraN and GODFREY, 1973;
SCHWARTZ, 1975).

In developed areas, overwash can be a hazard, because ero-
sion of the beach face allows upland areas and development
on these areas to become vulnerable to storm damage. If

dunes are lowered or destroyed, the storm-protection function
of the beach is degraded and overwash can occur. In the ex-
treme, overwash can be a precursor to breaching by initiating
erosion of the beach face, lowering the crest elevation of the
beach profile, and transporting sediment from the beach and
back beach into the bay (Kraus, MILITELLO, and TODOROFF,
2002; Kraus and WAMSLEY, 2003). The formation of Chat-
ham Inlet, Massachusetts, through Nauset Spit is an exam-
ple of such breach development (STAUBLE, 2001).

In developed areas, overwash can damage coastal property
and infrastructure, and washover in the backbarrier bay may
hinder navigation. Washover that reaches the backbarrier
bay also alters the inshore coastline of a barrier. In these
developed areas, it may be desirable to prevent or limit ov-
erwash to preserve infrastructure and private or public prop-
erty. However, experience has shown that preventing over-
wash entirely may also lead to increased beach erosion (Do-
LAN and GODFREY, 1973). Where large dunes (or seawalls)
prevent overwash, beach sediment fronting the dunes can be
transported offshore during a storm, causing the barrier is-
land to narrow. Where overwash is allowed to occur, the net
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volume of sand is often maintained, but the ocean and bay
shoreline and dune crest positions translate shoreward. This
is called barrier island rollover and is a natural process by
which barrier islands maintain width and volume during ris-
ing sea level conditions. From a coastal management per-
spective, the landward transport of sediment by overwash
must be accounted for as a sink term in a littoral sediment
budget.

One of the earliest descriptions of overwash was given by
JOHNSON (1919), who described “wave deltas” deposited into
Laguna Madre, Texas, by storm waves that “dashed” over the
barrier crest. Other early studies on overwash include that
of LoBECK (1939), who described the deposits left by storm
waves breaking over the barrier crest as “washover” and con-
sidered washover as the cause for the irregular inland coast-
lines of barriers. PRICE (1947) suggested that washover was
a more suitable term than wave delta because of the disas-
sociation with a singular wave event. He suggested “wash-
over fan” to be a more complete description of the deposits.
PrICE (1947) also suggested that washovers might be depos-
ited by elevated water (tidal) levels rather than wave runup
alone. Study and understanding of overwash and overwash
processes increased rapidly in the late 1960s through the end
of the 1970s, and most of this work is reported in the geolog-
ical literature. Several botanists also contributed to the phys-
ical understanding of overwash. There has been a resurgence
of interest in overwash and overwash processes with devel-
opment of the coast and requirements of beach and dune de-
sign for storm protection.

Recently, varied overwash impacts were well documented
in 2004, when three hurricanes and one tropical storm
crossed the United States Gulf and Atlantic coasts within the
state of Florida. Hurricane Charley made landfall on the west
coast of Florida on 13 August 2004, inundating and breaching
large sections of North Captiva Island. Hurricanes Frances
and Jeanne crossed the central east Coast of Florida on 5
September and 26 September, respectively, causing mostly
runup overwash at isolated locations along the coast. Hurri-
cane Ivan crossed the Gulf of Mexico coast on 16 September,
just east of the city of Mobile, Alabama, as a Category 3 (Saf-
fir-Simpson scale) hurricane and with a maximum storm
surge of 4.9 m. Damage attributed to just this storm encom-
passed 23 counties of three states and exceeded $5 billion
(erosion, flooding, wave, and wind damage). Large-scale ov-
erwash by inundation occurred, and in some places, the Gulf
Island National Seashore (GINS) was inundated with cou-
pling between the ocean and the sound water levels. Along
many stretches of the GINS, the road was either buried by
sand or washed away by scour. On developed parts of Santa
Rosa Island, Florida, 1.2-1.5 m of washover sand was depos-
ited on property, over roads, and through buildings. Channel
formation and temporary and permanent breaching were also
observed (BUREAU OF BEACHES AND COASTAL SYSTEMS,
2004). The hurricane, although still of Category 5 strength,
also caused large-scale overwash by inundation on Grand
Cayman Island.

This critical review of the literature begins with field and
laboratory studies. Then, existing procedures for calculating
and modeling overwash hydraulics and morphology are dis-

cussed. The role of overwash in barrier migration and re-
sponse to sea-level rise is also covered. Commonalities and
differences in findings are compiled. Based on the review,
recommendations are made for field data collection and lab-
oratory studies that would provide needed basic information
on overwash and washover processes and contribute to im-
proved predictive modeling of beach profile and barrier island
change.

DEFINITION OF OVERWASH PROCESSES
AND MORPHOLOGIES

Much of the literature on overwash concerns singular re-
gional or temporal events. A coast may overwash by either:
(1) excessive wave runup, a lower-magnitude event that caus-
es washover fans and terraces; or (2) mean water level ex-
ceeding the beach crest, generally a larger-magnitude event
causing sheetflow and even barrier rollover. These processes
may occur together, varying either spatially along a coast or
at one location during different phases of a storm. Recent
publications (MORTON et al., 2000; SALLENGER, 2000) have
clearly defined the differences between overwash occurring
from wave runup and overwash occurring when the water
level (including surge and wave setup) exceeds the beach
crest. SALLENGER (2000) called the latter “inundation re-
gime” in his Storm Impact Scale, and it is often called storm
surge flooding or coastal flooding in the media. Most authors
(e.g., BYRNES and GINGERICH, 1987; DOLAN and GODFREY,
1973; LEADON, 1999; WEIR, 1977) have referred to water lev-
el exceeding the beach crest as overwash. In this paper, the
two different processes are referred to as (1) runup overwash
and (2) inundation overwash. These classifications are devel-
oped in DONNELLY, KrRAUS, and LARSON (2004) and within
the scope of this review.

Overwash of various magnitudes results in different mor-
phological deposits. Below, four different overwash regimes
and the resulting washover morphologies described in DoN-
NELLY, KRAUS, and LARSON (2004) are further defined. Any
of the regimes may occur within one storm, varying both spa-
tially and temporally. Figure 2 is a schematic plan view over
a typical dune line (or beach crest) subject to overwash with
three common overwash deposit types.

Runup Overwash

The first two overwash regimes are caused by wave runup
overtopping the beach crest or local discontinuities in the
dune crest. Figure 3 is a schematic cross-sectional depiction
of a sand dune or berm crest subject to high surge level and
overtopping by waves. Runup overwash can be categorized in
terms of the relative elevations of water level and the barrier
beach, the frequency of overtopping waves, and the excess
wave runup, AR. The quantity AR is the difference between
the wave runup height, R, added to the storm surge height,
S, and the dune or beach crest height, d; (AR = R + S —
d,), where d, is the elevation to the dune crest from the mean
water level (or from some common datum).

Regimes 1 and 2, caused by runup overwash, can be clas-
sified according to the relative magnitudes of R + S and d,.
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Figure 2. Definition sketch of common morphological deposits occurring
during overwash of dunes or beach crests such as (a) a washover fan, (b)
a washover terrace, and (c) sheet wash deposit.

1. R + S = d, (crest accumulation): If R + S is just
slightly larger than d, few waves overtop the dune,
and for those that do AR is small. Sediment is depos-
ited on the dune crest or in the throat of an existing
washover (CARTER and ORFORD, 1981; FISHER,
LEATHERMAN, and PERRY, 1974; LEATHERMAN,
1976a; ORFORD, JENNINGS, and PETHICK, 2003) and
hence the crest of the throat or berm is raised, which
may eventually halt further overwash. The term crest
accumulation was first used to define overwash pro-
cesses by ORFORD, JENNINGS, and PETHICK (2003).

2. R + S > d, (crest lowering): S is still less than d,, but
many waves have sufficient excess runup, AR, to over-
top the dune. Sediment is eroded from the face of the
dune or beach crest and transported to be deposited
on the backshore.

The resulting deposits vary according to local barrier to-
pography and AR. Where dunes are relatively high, but un-
even, overwash usually exploits existing gaps or lower areas

Ocean Bay

SurgelLevel
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Figure 3. Definition sketch showing the cross-section of a barrier beach
subject to overwash by wave runup.

Figure 4. Washover fan deposited on Ocracoke Island, North Carolina,
during Hurricane Isabel, September 2003. For color version of this figure,
see page 889.

in the foredune line, funneling through the gap of the breach
and spreading laterally on the back barrier. The gap is often
called the “throat” of the overwash. As the water mass
spreads laterally on the back barrier and friction and perco-
lation take effect, the velocity of the bore decreases, and the
entrained sediment is deposited. This may be called “fanning
overwash” because the resulting depositional feature is called
a “washover fan.” Such fans can reach the barrier lagoon.
Figure 4 shows a washover fan on Ocracoke Island, North
Carolina, deposited during Hurricane Isabel that made land-
fall on 18 September 2003. Note the fanning out of the de-
posit on the back barrier and sand deposited into Pamlico
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Figure 5. Washover fan deposited on Ocracoke Island, North Carolina,
during Hurricane Isabel, September 2003. For color version of this figure,
see page 889.

Sound. Fanning of overwash can be restricted by local topog-
raphy. Figure 5 shows another washover at Ocracoke Island
where the overwash was funneled along a beach access path
and spreading was restricted by the flanking topography un-
til the overwash bore reached the road.

If the longshore rate of expansion at which fanning over-
wash occurs is high, the borders between individual fans be-
come less well defined, and the deposits form a washover ter-
race (also washover apron) (Figures 1 and 2). Washover ter-
races can also form where the beach crest is low and uniform.
Washover that extends into the back-barrier lagoon appears
as a subaqueous washover delta (LEATHERMAN, 1976a). Even
where a washover does not reach the back barrier, water may
run off from the fan to the bay via “sluiceways” or “guts”
(Figure 6). According to LEATHERMAN (1976a), sluiceways
are small vegetated channels at the water table that convey
the water down to the bay, whereas guts are deeper, wet
channels that usually form where the fan is nonvegetated or
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Figure 6. Schematic showing typical overwash fan morphology.

where overwash has been frequent enough to remove or lay
back the vegetation.

Inundation Overwash

The third and fourth overwash regimes occur where S >
d.. The consequences of overwash by inundation vary de-
pending on the extent of beach inundation and the beach to-
pography. The water and sediment transported landward as
a result of a water level raised above the general dune crest
height was called “sluicing overwash” by ORFORD, JENNINGS,
and PETHICK (2003), but is also known as sheet wash or sheet
overwash. Sheet overwash covers a wide lateral extent of the
beach.

3. S = d_ (minor inundation): During extreme storms or
on low-profile barriers or beaches, where S exceeds d,,
water flows constantly over the beach crest during the
time of higher water level. Sediment is eroded from
the beach face and/or the back barrier, but because of
either a large barrier width, beach topography, low S,
porosity, or friction (e.g., vegetation), the overwash
does not reach the bay, and washover is deposited as
the bore slows. Where the dune crest height is uni-
form, a sheet of water and sediment flows over the
crest and the deposition is usually caused by porosity
and friction losses. If S exceeds d, locally, for example
at a gap in the dune line, fanning overwash occurs,
and, as observed for runup overwash, the deposit may
first be accelerated by funneling and then slowed by
lateral spreading, depending on the topography. Be-
cause of the constant flow of water through a gap in
the dune line, overwash fans caused by minor inun-
dation often have channels eroded in the throat.

4. S > d, (complete inundation): Where the submergence
of the crest is sufficient, an entire barrier or spit can
become inundated. If coupling between the ocean and
bay occurs, it is the magnitude of the water level gra-
dient between ocean and bay, S — d,, that drives the
net flow and hence the amount of sediment trans-
ported (Figure 7). The quantity S — d, is defined as
the difference between the water level in the bay and
the mean water level in the ocean (surge not includ-
ed). Complete inundation overwash erodes the shore-
line, and deposits large amounts of sediment inland
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of the beach (e.g., 1-2 m were deposited on Santa Rosa
Island during Hurricane Ivan).

Sometimes during complete inundation overwash, a length
of beach is subject to a continuous flow of water over the
entire crest, but localized inundation through a gap in the
beach crest may also occur. Such overwash causes channeling
and even temporary breaching. A temporary breach closes
after the water level returns to normal, as opposed to a full
breach, which may remain open for a long time. Inundation
along the shore causes sheet overwash (Figure 2). Sheet ov-
erwash is more common on barrier spits and where coastal
dunes are low, but it may also occur after persistent wave
attack or overwash has reduced the existing dunes to a suf-
ficiently low level. An example of sheet overwash on the Tex-
as mainland is shown in Figure 8. Where sheet overwash
occurs, lateral spreading is negligible, and sediment is often
carried over hundreds of meters and deposited in the back
barrier lagoon. Complete inundation overwash can either
lead to net erosion or deposition depending on S — d,, wind
and wave currents, and the tide strength and direction. This
type of overwash also initiates the breaching process, and the
action of tide can temporarily generate ebb and flood flow,
similar to that at an inlet.

FIELD STUDIES

Nearly all of the literature regarding overwash is based on
qualitative field observations. Overwash is a phenomenon of
interest in disciplines as varied as botany, ecology, engineer-
ing, geology, geography, and planning, so the objectives and
nature of these field observations vary significantly. Field
studies of overwash can be divided into four types: (1) post-
storm studies, (2) regional studies, (3) monitoring and site-
specific measurements, and (4) sedimentologic studies. The
first three are discussed in detail here, whereas only the most
morphologically or hydrodynamically pertinent of the sedi-
mentologic studies are reviewed.

Poststorm Studies and Reports

Poststorm studies and reports provide valuable insight into
overwash processes (e.g., BYRNES and GINGERICH, 1987; EI-
SER and BIRKEMEIER, 1991; LEADON, NGUYEN, and CLARK,
1998; MORTON et al., 2003; SUTER et al., 1982). Nearly all of
these studies provide pre- and poststorm cross-shore profile
surveys of overwashed areas, together with qualitative ob-
servations of the processes. Such surveys give information on
overwash processes and washover morphologies, and some
studies also contain data sets useful for modeling beach pro-
file change. This section reviews selected poststorm studies
and reports that made interesting or new observations, or
that drew new conclusions regarding overwash.

SUTER et al. (1982) presented new descriptions of washover
morphologies and provided further interpretation of over-
wash processes based on a study of aerial photographs taken
after Hurricane Allen, 1980, on South Padre Island, Texas.
Lower parts of South Padre Island were inundated by the
hurricane surge, and a time lag in surge level between ocean
and bay of 14 hours generated a 1.5-m high water gradient

across the island. This study was the first to impress the
importance of and quantify water level gradients across bar-
rier islands. Using Manning’s equation, the gravity-driven
current across the island was calculated to reach a maximum
of 0.55 m/s. Where coastal dunes existed, the surge penetrat-
ed gaps in the dune line forming channels below the surge
level (i.e, inundation overwash), through which overwash
flowed and deposited sediment fans on the back barrier. Cur-
rents generated by the water level gradient and funneling
through these channels were calculated to reach about 2 m/s.
SUTER et al. described the resulting washover morphology as
“heart shaped” fans. The gaps may have been formed by the
event or may have been preexisting gaps lowered by this
event. Aerial photographs of an area with frequent overwash
fans indicate a regularity of channel formation that may be
related to surf zone processes. SUTER et al. (1982) also de-
scribed the reactivation of closed tidal inlets by overwash
caused by low beach elevations. Large gaps in the foredune
ridge existed at the closed-off tidal inlet between Mustang
and Padre islands, and the area was therefore vulnerable to
high wave runup and storm surge causing extensive wash-
overs (the largest resulting from Hurricane Allen).

BYRNES and GINGERICH (1987) studied overwash on Me-
tompkin Island, Virginia, following Hurricane Gloria (27 Sep-
tember 1985). Metompkin Island is a low-profile duneless
barrier on the Atlantic Coast of the United States. By ana-
lyzing cross-shore beach profiles surveyed before and after
the hurricane, they showed that the seaward volume losses
from shoreline recession were approximately balanced by the
addition of sediment volume landward of the beach crest
caused by overwash. Pre- and poststorm beach profile shapes
were shown to have a similar shape, with the poststorm pro-
file translated landwards. Therefore, the island migrated
landward, while maintaining its general shape, a process
known as rollover. The rate at which this occurred varied
along the barrier island. The northern end, which had a lower
prehurricane elevation, migrated 4.5 times faster than the
southern end, which was higher. Additionally, the southern
end lacks the marsh surfaces seen on the back beach of the
northern part of the island, so overwash carried to the other
side of the island was deposited directly into the bay.

STAUBLE (1991) and EISER and BIRKEMEIER (1991) report
on overwash caused by Hurricane Hugo, which crossed the
Atlantic Coast of the United States in September 1989. Surge
levels reached 6.1 m during this Category 4 hurricane, bring-
ing widespread inundation overwash of barriers by sheet ov-
erwash, and also inundation overwash of the mainland. No-
table observations from STAUBLE (1991) include the removal
of dunes up to 5 m high and the transport of sediment and
other material (debris) across a spit and marsh onto the
mainland, demonstrating the power of type 4 overwash (com-
plete inundation), even where coupling between the ocean
and bay does not occur. Also, overwash was observed between
gaps in longshore protection structures such as seawalls. Ov-
erwash in these locations caused scour at the edges of struc-
tures and damage to their landward sides.

A comprehensive poststorm report for Hurricane Opal is
provided in LEADON, NGUYEN, and CLARK (1998). On 4 Oc-
tober 1995, Hurricane Opal made landfall on the Florida Pan-
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handle coast, United States. The storm surge height, includ-
ing wind and wave setup, was estimated from nearshore wa-
ter level measurement to vary between 3.6 and 4.9 m along
the coast. Poststorm surveys show erosion or complete re-
moval of dunes, even where the prestorm dune crest appears
to be higher than the storm surge level. This suggests that
runup overwash may be sufficient to remove dunes, perhaps
by dune scarping and offshore erosion prior to overwashing.
Although the profile data presented in LEADON et al. (1998)
are useful for qualitative analysis, they do not extend suffi-
ciently shoreward to evaluate the full extent of overwash de-
position.

MORTON et al. (2003) presented a retrospective study of
overwash impacts of the Ash Wednesday storm of March
1962 on the mid-Atlantic Coast, United States. The Ash
Wednesday storm is well known because of its long duration,
which caused significant damage along the U.S. Atlantic
Coast. The storm, a northeaster, was almost stationary for
five high tides, creating favorable conditions for overwash.
Dune heights that were originally sufficiently high to prevent
overwash were eroded by the high water levels and waves,
eventually allowing overwash. MORTON et al. (2003) catego-
rized the morphologic response between New Jersey and
North Carolina into four categories. Twenty-three percent of
the coast had high dunes that were eroded but maintained a
dune shape and formed dune scarps. Such dunes blocked or
minimized overwash. Seventy-eight percent of the coast con-
sisted of washover terraces, 5% sheet overwash, and 4%
channel or inlet incision. Note that the numbers exceed 100%
because some parts of the coastline responded in more than
one way. MORTON et al. (2003) also studied the washover
penetration distances from high-quality poststorm aerial pho-
tography. Maximum washover penetration was 700 m, and
highest penetrations occurred as sheet overwash or where
channels or inlets were incised. The average washover pen-
etration distance along the coast was about 290 m. Developed
shores, with hard coastal structures, showed less washover
penetration of the shoreline than nondeveloped shorelines.
Where roads intercepted coastal sand dunes or in developed
areas where dune heights were reduced, washover penetra-
tion increased. The average depth of deposited washover was
estimated to be between 0.5 and 0.7 m. It is interesting to
note that some of the overwash impacts of this storm can still
be seen more than 40 years later.

Regional Studies

Many studies of overwash have made use of aerial photog-
raphy to examine longshore variations in existing overwash
morphologies. These are summarized in this section.

Some of the first known studies to explicitly describe ov-
erwash processes were those of PIERCE (1969, 1970). PIERCE
(1970) compared and contrasted existing tidal inlets and
washover fans, suggesting that the formation of one or the
other is a function of the barrier configuration, the lagoon
depth, and the direction of overwash (landward or seaward,
where seaward overwash is caused by bay water levels ex-
ceeding the bay beach crest height). Inlet formation was de-
scribed as a consequence of seaward overwash channeled
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Figure 7. Definition sketch showing the cross-section of a barrier beach
subject to overwash by inundation where the barrier is fully inundated.

along tidal creeks and, to a lesser extent, landward overwash
and breaching on a narrow barrier with no tidal flats. On a
wide barrier, landward overwash deposited washover fans on
the tidal flat. PIERCE conjectured in this case that a washover
fan is a more likely occurrence than breaching, because a
wide barrier usually has a milder back barrier slope, result-
ing in lower flow velocities and hence less erosion.

CLEARY and HoOsIER (1979) studied a series of aerial pho-
tographs from 1938 to 1977 of the southeast North Carolina
Coast, United States. They selected vegetation destruction
lines (the landward limit of vegetation damage after an
event) and foredune removal as washover indicators, and re-
marked that even where dunes had revegetated, a washover
penetration line was still evident behind the new dune. They
distinguished between coastal sections of intact dunes, iso-
lated washover fans, washover terraces, and foredune recov-
ery. Using these categories and the large temporal range of
data, they suggested that beaches subject to overwash in fine-
grained sediment areas recovered faster after an event than
beaches subject to overwash in coarse-grained sediment ar-
eas, because the fine-grained washovers can then be redis-
tributed by the poststorm wind climate into dunes, hence
making them less susceptible to repeated overwash.

DoraN and HAYDEN (1981) analyzed 40 years of historical
shoreline position data and overwash penetration measure-
ments for the Outer Banks, North Carolina, and Fenwick Is-
land, Maryland, to quantify change in shoreline position and
overwash penetration rate. They also analyzed the shoreline
erosion and overwash penetration positions resulting from
the 1962 Ash Wednesday storm to quantify poststorm con-
ditions. For the 1962 Ash Wednesday storm, visual observa-
tion indicated that overwash penetration was at a maximum
where the rate of overwash penetration prior to the storm
was at maximum. A significant correlation was calculated be-
tween these two signals. This is probably because beach or
dune crest heights are lower where overwashing had occurred
previously, making such areas more susceptible to future ov-
erwash. A similar trend was observed for shoreline recession,
although there was no statistically significant correlation be-
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Figure 8. Beach at Jefferson County, Texas. (View looking south.)

tween the shoreline recession and the 1962 storm overwash
penetration. DoLaN and HAYDEN (1981) also analyzed long-
shore shoreline erosion rates and overwash penetration po-
sitions for longshore periodicities. Their analysis indicated
periodicities of 15.5 km and 13.3 km for the two barrier is-
lands.

ORFORD and CARTER (1984) compared overwash throat
spacing on sections of beach with and without dunes on a
coarse clastic barrier in southeast Ireland. The spacing of ov-
erwash throats was determined by land survey techniques,
as opposed to the method of DoLAN and HAYDEN (1981), who
analyzed aerial photography. Where dunes were present,
their analysis indicated that the throat spacing was random,
but on the duneless section of barrier, their analysis showed
that the throat spacing had a periodicity ranging between 30
and 40 m. The authors hypothesized that the regular throat
spacing may be related to a zero-mode, subharmonic edge
wave whose longshore wavelength matches the overwash
spacing given that long period waves (9-11 s) are dominant
in Celtic Sea storms. This hypothesis is covered in the dis-
cussion section on overwash occurrence.

By analyzing the washover deposits produced by 17 hur-
ricanes on the Gulf Coast, PENLAND and SUTER (1984) dem-
onstrated that the angle at which a hurricane crosses a bar-
rier island exerts some control on the location of peak over-
wash occurrence. A hurricane that approaches normal to the
shore has the highest peak surge and strongest onshore
winds ahead of the eye of the storm and to the right of the

eye because of the direction of wind and forward momentum
of the storm. Thus, the greatest overwash occurs to the right-
hand side of the storm. Occasionally, the weaker offshore
winds on the left of the hurricane can cause some seaward
overwash, but this is usually followed by landward overwash
as the storm passes and onshore winds resume. PENLAND
and SUTER (1984) define hurricanes approaching the shore
obliquely as either left-oblique impact or right-oblique im-
pact, depending on the side the storm approached from (fac-
ing the shore). A right-oblique impact is similar to a shore-
normal impact, but a left-oblique impact can cause significant
seaward overwash to the left of the storm because the peak
storm surge is lagged behind the storm impact and the strong
hurricane winds are directed offshore. These factors combine
to give an elevated water level in the back-barrier lagoon and
a lower water level on the open coast, and hence seaward
overwash may occur. As the storm passes inland and the
storm surge reaches the coast, the direction of overwash can
reverse. Further observations supporting overwash reversal
were made by PENLAND et al. (1989), who observed the im-
pacts of three hurricanes that crossed the Gulf Coast, United
States, during 1985. Observations included strong seaward
overwash, fluidized mud overwash of the Louisiana Chenier
plains, and varying degrees of coastal overwash.

Botanists have also made contributions to the understand-
ing of overwash deposits. GODFREY and GODFREY (1974)
studied aerial photographs, old maps, and records of ephem-
eral inlets on Core Banks, a low barrier island on the North
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Carolina coast, for the period 1939 to 1974. They surveyed
an overwash fan and the surrounding dunes and marshes,
and took sediment plugs to examine the sediment history of
the island. GODFREY and GODFREY (1974) related overwash
with salt marsh formation on barrier islands. Vegetated
washovers soon develop a layer of peat on their surface. Veg-
etated washovers extending into the backbarrier lagoon or
tidal creeks provided a ramp for tidal runup that flushes de-
trital nutrients. They acknowledged the role of salt-resistant
plants in maintaining dunes and slowing overwash, and they
suggested that overwash processes, beach preservation, dune
vegetation, and barrier island migrations were interrelated.
DaHL et al. (1983) analyzed pre- and posthurricane surveys
to quantify the effects of vegetation on dune change following
an overwash. Similar to the observations of GODFREY and
GODFREY (1974), a greater quantity of sand was transported
inland for the unplanted dune. Between overwash events,
vegetated dunes were shown to accumulate more sand (dur-
ing eolian transport), increasing their resistance to overwash.

Monitoring and Site-Specific Measurements

Detailed field studies have been conducted, usually involv-
ing monitoring of sites known to overwash regularly. The
placement of data collection equipment and presence of re-
searchers at an expected overwash during a large storm is
potentially dangerous and hence not typically feasible, so
most such studies pertain to low profile barriers and spits
that overwash under nonstorm conditions. Exceptions to this
are the experiments carried out at Assateague Island during
northeaster storms and a Category 1 hurricane (e.g., FISHER,
LEATHERMAN, and PERRY, 1974; FISHER and STAUBLE, 1977,
1978; LEATHERMAN, 1976). This section summarizes field
studies according to (1) field measurements at Assateague
Island, and (2) field measurements elsewhere.

1. Field Measurements at Assateague Island

Because of the low profile and accessibility of its northern
end, Assateague Island, Maryland, United States is a con-
venient location at which to measure overwash, even during
storms and offshore hurricanes. Results from the earliest and
most comprehensive of these studies, a 26-month intensive
study on five overwash sites on Assateague Island, were pub-
lished by FIsHER, LEATHERMAN, and PERRY (1974), LEATH-
ERMAN (1976a, 1976b, 1976¢, 1977, 1979a, 1979b, 1979¢),
LEATHERMAN, WiLLIAMS, and FISHER (1977), and FISHER
and STAUBLE (1977, 1978). Their overwash measurements
included profile change volume from pre- and poststorm sur-
veys and visually observed depths of overwash, velocities
from bidirectional current meters (and visual observations),
and approximate suspended sediment volumes during north-
easters and a Category 1 hurricane positioned offshore.

Five sites with washover fans and broad washover flats
were surveyed regularly along cross-shore transects (LEATH-
ERMAN, 1976a). Additionally, a grid was established at Site
1, a distinct washover fan, and surveyed monthly and im-
mediately prior to and following storms. Land-based photog-
raphy of the sites supplemented the qualitative morphologi-
cal change data. For the earliest experiments, velocity in the

washover throat was measured with a Gurley current meter
during events. Frequency of overwash bores was also inter-
preted from the current meter record (FISHER, LEATHERMAN,
and PERRY, 1974). Later experiments employed a Marsh
McBirney bidirectional electromagnetic current meter and a
Hydro Products pressure transducer to continuously measure
velocities and depths in the washover throat (LEATHERMAN,
1976a; FIsHER and STAUBLE, 1977). The current meter func-
tioned well, but the flow depths were insufficient for the suc-
cessful functioning of the pressure transducer. Suspended
sediment was measured on the beach with a custom-built
sampler (LEATHERMAN, 1976a). Flow depths in the washover
throat were too small for the sampler, but suspended sedi-
ment in the throat was collected using vials during the earlier
experiments described in FISHER et al. (1974).

The following describes a typical event. The dune was sub-
ject to overwash by runup during a northeaster in March
1973. Approximately one surge per minute overwashed the
dune, in some cases reaching the bay. Given an offshore wave
period of 8-12 seconds, approximately one in six waves ov-
erwashed. Instantaneous velocities in the throat reached a
maximum of 2.4 m/s. Colored sand plugs were inserted to
reveal erosion depth. The study showed that erosion was con-
centrated in the throat of the washover, but the net result of
the two overwash events was deposition in the fan, which
thinned toward the bay. As a result of this deposition, par-
ticularly at the end of the storm, the width of the throat re-
duced (LEATHERMAN, 1976a). As can be seen, the monitoring
of actual overwash events contributed significantly to the
type of data available to analyze overwash hydrodynamics.

The sites at Assateague Island were also monitored during
Hurricane Belle, a Category 1 hurricane that traversed 82
km offshore, parallel to Assateague Island (FisHER and
STAUBLE, 1977). During this event, the island overwashed
for 2.5 hours, coinciding with the peak storm surge and high
tide. Similar to the 1973 northeaster, the surges occurred on
average 1 per minute. The deepest surge measured 0.7 m
above the throat surface, and the most powerful surges reg-
istered velocities in the throat exceeding 3.5 m/s. Profiles
were surveyed after the storm to determine the morphology
change resulting from these conditions. The barrier crest
rolled landwards and increased slightly in height. Some sand
was deposited in the back barrier bay. A small beach berm
on the beach face was removed. The net sand deposition on
the back barrier resulting from this overwash event was very
similar to the net sand deposition resulting from a large
northeaster storm in this area.

FISHER, LEATHERMAN, and PERRY (1974) presented a four-
step conceptual model for overwash processes based on their
observations from the earlier experiments:

1. Erosion in the throat.

2. Deposition of sand on the fan and in the bay.

3. As storm intensity decreases, overwash bore velocities de-
crease and sand is deposited on the throat and in the fan.

4. The washover is reworked by the abating storm winds.

Although each of the defined processes occurs, it is now
known that the order of the first three can interchange de-
pending on surge hydrograph and storm development.
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Results from the first two storms encountered during the
study were used to quantify the role of overwash in the sed-
iment budgets of barrier islands (FISHER et al., 1974). Both
LEATHERMAN (1976a, 1976¢, 1979a, 1979b) and FISHER and
STAUBLE (1977, 1978) discuss overwash sediment budgets
and the relative role of overwash sedimentation and eolian
deflation concluding, for the study period, that eolian defla-
tion was the dominant process, and thus the contribution of
overwash is limited. Although this may have been true for
the study period and location, KocHEL and DorLaN (1986)
and KocHEL and WAMPFLER (1989) showed a greater con-
tribution by washover to the sediment budget if studied over
a longer period.

LEATHERMAN (1976a, 1976¢, 1977) made pioneering con-
tributions to the understanding of overwash hydrodynamics.
Reynolds and Froude numbers calculated for several events
showed that flow in the overwash is generally turbulent and
subcritical but that the front of the surge may be supercritical
(LEATHERMAN, 1977). Sediment sampling showed that a
large surge often left a distinct sedimentation unit, and
smaller surges sometime had entirely insignificant transport
rates, but may involve in situ grain sorting (LEATHERMAN,
1976a). There are four suspended sediment measurements
that can be compared with the instantaneous velocity mea-
surements in the throat for the corresponding surge. Al-
though all of the measured surges reached a maximum in-
stantaneous velocity of 2.4 m/s, there were large variations
in the amount of suspended sediment measured. Two of the
overwash surges were short, involving one velocity peak and
a small volume of overwash. These two overwashes carried
almost no suspended load. The other two overwash surges
were deeper and involved larger volumes of water and two or
three velocity peaks. The measured sediment concentrations
in these bores were 106 and 107 g/L. Even for the larger
surges, the suspended load was calculated to be approxi-
mately 16% of the total sediment load, and bed load was
therefore deduced to be the dominant transporting process
(LEATHERMAN, 1977). As a result of that event, LEATHER-
MAN (1976¢) concluded that the volume of accretion depends
mostly on the surge height. For these experiments, wave
height was found to be less important than storm surge level
in causing overwash.

A decade later, four washover fans on Assateague Island
were monitored by KocHEL and DoLAN (1986) for 1 year to
determine sediment budgets. Geological rather than geo-
graphical techniques, i.e, deposit stratigraphy, were applied
to measure overwash deposit thicknesses throughout the
fans. The sediment budgets revealed that large infrequent
deposits, e.g., for a 15-year return interval storm, based on
surge level contribute more to the sediment budget than sev-
eral smaller storms of much smaller return interval. It was
proposed that the larger deposit from the 15-year storm pro-
vided shielding from eolian deflation, whereas the smaller
deposits were more easily and rapidly removed.

The washover fans on Assateague Island were further mon-
itored for 4 years, and the results of this monitoring are re-
ported in KocHEL and WAMPFLER (1989). They proposed
that the extended period of monitoring enabled them to draw
more convincing conclusions on the relative roles of overwash

deposition and eolian deflation. The 4-year period represent-
ed 2 average years, 1 particularly stormy year, and 1 partic-
ularly calm year for the region. Although, as observed by
LEATHERMAN (1979b), eolian transport dominated in the
calm year, the normal and stormy years demonstrated the
overall contribution of overwash accretion on the sediment
budget.

2. Field Measurements Elsewhere

Lacustrine overwash and inlet formation was studied on
barrier islands and spits bordering the North Pond on Lake
Ontario, United States (WEIR, 1977). In a lacustrine environ-
ment, short-term elevated water levels or storm surge are
caused by moving atmospheric low pressures, wind and wave
setup, and wind-induced seiching, and tidal variation is non-
existent. Seasonal variations in lake level caused by snow
melt runoff in the catchment and even longer-term (decadal)
variations in water level may be linked to variations in pre-
cipitation in the catchment caused by climatic variations.
When WEIR (1977) monitored changes to overwash fans in
the region for two summer months in 1976, the lake water
levels were near the peak of such a long-period cycle. Inun-
dation overwash caused by a storm event was described, and
observed processes included the removal of a 3-m-high fore-
dune and 9 m of shoreline recession. The greatest shoreline
recession was observed where washover activity and inlet for-
mation activity were highest. At the same time, though, max-
imum fan extension into the bay was 55 m, and area calcu-
lations reveal that the net result was widening of the barrier.
In other areas of the barrier, washover was observed to add
to the growth of recurved spits. Although overwash caused
shoreline recession, it helped maintain the integrity of the
barrier island. Lacustrine overwash was also observed on
Long Point, a large barrier spit on the north shore of Lake
Erie, Canada (DAVIDSON-ARNOTT and FISHER, 1992). The
authors presented a six-stage overwash and overwash recov-
ery qualitative model, related to a long period (decadal) cycle
of water elevations. During times of highest lake level, ov-
erwash formation is at its peak, the beach is comparatively
narrow, and older washovers are easily reactivated.

Although most observations of overwash have been made
on sandy beaches, studies have also been conducted on gravel
and shingle barriers. CARTER and ORFORD (1981) and Or-
FORD and CARTER (1982) made many observations of over-
wash processes resulting from topographic surveys of a gravel
beach and more detailed sedimentary surveys of an overwash
fan and other structures in southeast Ireland. The shoreline
was surveyed by automatic quickset level. One washover fan
was monitored in detail and was trenched in various locations
to determine deposit stratigraphy. The longshore distribution
of wave height was calculated from a wave refraction pro-
gram with input of offshore wave measurements. The region
of greatest overwash occurrence corresponded with the region
of highest breaking waves. Two processes that differ signifi-
cantly from those observed on sandy barriers are the devel-
opment of swash ramps, which facilitate crest accumulation
(low-magnitude runup overwash), and deposition of coarse
sediments in the throat of a washover that conglomerate to
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form a throat plug. Swash ramps build onto dune scarps and
consist of a distinguishing sedimentation pattern in compar-
ison to the adjoining dunes. They are often observed to occur
between overwash fan positions and are observed built onto
dunes up to 6 m above mean high water. On a washover fan,
a throat plug acts to filter the grain size and hence reduce
the amount of sediment carried to the backbeach by ensuing
overwashes. An increase in wave energy, however, may re-
move the plug (ORFORD and CARTER, 1982).

CARTER and ORFORD (1981) described several stages of an
overwash event. Swashes converge on gaps in the dune line
(the throat) where reflection from the dunes on either side
contributes to the formation of a three-dimensional turbulent
flow. This flow through the throat scours a hole on the sea-
ward side of the dune. As the water or runup level increases,
such that some smaller wave events overwash the throat,
sediment is deposited in the throat, creating a plug. Rising
surge levels saturate the throat, eroding the plug and over-
wash spreads onto the back barrier.

Further information on the overwash response of gravel
barriers, and in particular the long-term effects, can be found
in ORFORD, JENNINGS, and PETHICK (2003). These authors
observed the effects of the remnants of Hurricane Lilli as it
passed by the Porlock and Blakeney barriers, U.K. Overwash
was observed to extend into the back barrier bay and at one
location lead to a breach, which subsequently widened be-
cause of tidal action. Where overwash occurred, the old beach
ridge was entirely removed, and the lateral variation in ov-
erwash was minimal, suggesting that inundation overwash
(referred to as “sluicing overwash”) occurred. Crest accumu-
lation was described by ORFORD, JENNINGS, and PETHICK
(2003) as negative feedback because the increase in crest
height decreases the excess runup, AR, and hence the mag-
nitude of overwash. Crest lowering was described as positive
feedback because the decrease in crest height increases AR,
and hence the rate of overwash increases. ORFORD, JEN-
NINGS, and PETHICK (2003) suggested that the variations in
maximum water level during a tidal cycle might initially
cause negative feedback as crest accumulation overwash be-
gins to occur. If this negative feedback is insufficient to pro-
tect the barrier as the water level increases, crest lowering
(positive feedback) begins as high tide approaches and the
beach crest is both lowered and translated landward. Even-
tually the tide level drops sufficiently such that negative
feedback again occurs and the crest height increases and
moves back offshore. In conclusion, ORFORD, JENNINGS, and
PETHICK (2003) surmised that overwash caused by extreme
storms is unlikely to cause the complete breakdown of a grav-
el barrier.

BRADBURY and POWELL (1992) conducted a field study at
Hurst Spit, a shingle beach on the south coast of the U.K.
Quarterly and poststorm profiles were surveyed at 20 sites
alongshore (100-m spacing) between 1987 and 1992, and
waves and tide were also monitored. The monitoring period
includes the large storm of winter 1989 which, in association
with overwash, moved the toe of the dune line 60 m land-
ward. This storm was characterized by high surge levels and
moderate storm wave heights, but similar responses were ob-
served for storms with low surge levels and extreme wave

heights, indicating the variability in parameters controlling
overwash occurrence and magnitude. Longshore variability
in breaking wave height is manifested in longshore variabil-
ity in profile response.

A novel video technique was applied by HoLLAND, HOL-
MAN, and SALLENGER (1991) on Trinity Island (part of the
Isles Dernieres barrier island chain), Louisiana, United
States, to measure overwash bore celerity. The area moni-
tored is a generally two-dimensional low-lying barrier subject
to sheet overwash during extreme storms. Nearshore ocean
and bay water levels were measured using pressure trans-
ducers, and water level and wave height across the island
were measured with capacitance-type wave staffs. Results
show both wave velocity and depth decreasing landward of
the crest. The celerity vector fields show generally cross-
shore (landward) flow, but with frequent direction variations
of greater than 30° from normal. It may be surmised from
the data presented that the barrier was overwashed by wave
runup rather than surge level because overwashes were ob-
served to occur at a periodicity of around 6 minutes. For cal-
culating the overwash velocity, on the landward slope of the
barrier HoLLAND, HOLMAN, and SALLENGER (1991) found
that the celerity of the bore front can be computed from:

Chore = 2.6V gh (1)

where g is the acceleration of gravity and 4 is the flow depth
at the beach crest. This equation resembles that of the celer-
ity from shallow water linear wave theory. The proportion-
ality coefficient by linear regression was calculated to be 2.6
with an R? value of 0.77, which is slightly larger than the
coefficient describing the bore speed in dam break wave the-
ory (LE MEHAUTE, 1976), also involving a solitary wave phe-
nomenon. Initial bore velocity, beach slope, and bed perme-
ability and roughness are also expected to control bore celer-
ity. A method to calculate bore celerity on the back slope, and
hence velocities within the overwashing flow, makes it pos-
sible to calculate sediment transport over the crest using con-
ventional sediment transport formulas. The method relies on
knowledge of the overwash depth at the dune or beach crest.

A recent contribution to field studies on overwash was car-
ried out in the Ria Formosa Barrier system, Portugal. Ma-
TIAS et al. (2003) monitored changes in surface elevation on
the washover terrace of a broad flat barrier island during
high tide for 4 hours under medium wave conditions. Wash-
over evolution was determined using a 10 X 10 m grid of rods
at which the surface elevation was measured at 30-minute
intervals. The nearshore significant breaking wave height
was around 1.0 m. Overwashing into the lagoon occurred only
during the peak of the tide (MATIAS et al., 2003). Accretion
was observed on the berm and crest, indicating a net shore-
ward transport of sand. Changes in depth inferred from col-
ored sand plugs were determined to range between 5 and 30
cm, increasing toward the seaward end of the washover. The
authors suggest that the large variation in mixing depth over
the study area indicates preferential flow channels, a re-
sponse to minor topography variations. During a follow up
field experiment, high-resolution X-band radar and a time-
stacking technique gave the numbers of runups and over-
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Table 1. Summary of wind-affected washover features (compiled according to Morton, 1979)

Morphology Type

Description

Cause

Curved overwash channel

Flame-shaped fans

Striations

Transverse sand waves

Rhomboid bedforms

Deep, narrow channel leading to washover fan. Chan-
nel begins perpendicular to beach but curves in di-
rection of wind.

Elongated washover fan deposits. May be asymmetrical
with greater sand volume on leeward side of channel.
Bedforms may be observed on the deposit (in Morton
1979a, wavelength ranged from 5 to 8 m).

Long grooves of sand removed on the back barrier.

Sand waves created at the bay margin perpendicular to
the coastline (in Morton 1979a, wavelength exceeded
85 m and amplitude was less than 0.5 m).

Criss-cross pattern (rhomboid shape) observed outside

Overwash by overflow confined to gap in beach crest/
dune line. Curving may be caused by wind stress or
bay circulation.

Overwash by overflow through a channel can result in
higher velocities because of funneling. Where the
flow is no longer confined, it continues landward be-
cause of the high flow velocities in the channel.
Asymmetry of the deposit may be caused by wind
stress.

Caused by strong currents which cause erosion while
the barrier is overwashed. Direction contrary to
surge direction may indicate wind-driven currents or
other strong currents.

Formed by currents parallel to the barrier while the
barrier was overwashed (storm surge is perpendicu-
lar to the barrier).

Formed by supercritical flow that is induced by wind

of the washover channel.

currents.

washes, the velocity of the runup, and the velocity of the re-
turn flow (MORRIS et al., 2004).

Sedimentologic Studies

Many studies of overwash can be found in the geological
literature. Although the focus of this review is on overwash
modeling, geologists have made many contributions to the
understanding of overwash processes, often by studying
washovers and their sedimentary units. In areas where ov-
erwash occurs, historical washovers can be detected by cor-
ing. HAYES (1967) presented the first evidence that washover
sediments are recognizable in the stratigraphic record. Sub-
sequent washovers are often separated by a layer of dark
organic material and occasionally by grass that is buried,
aligned at the angle of flow direction (SCHWARTZ, 1975).
Many of the earlier studies are reprinted and summarized in
LEATHERMAN (1981) or are briefly summarized in SCHWARTZ
(1975) and LEATHERMAN (1976a).

HAvEs (1967) studied the response of the Texas coast,
United States, to Hurricanes Carla (September 1961) and
Cindy (September 1963). By examining pre- and poststorm
beach and back-beach sediments, he discovered horizontal
laminations of coarse shell and sand on the barrier flat. The
ebb tide superimposed on storm surge was observed to have
deposited a significant amount of cross-bedded sediment and,
in some places, a thin clay layer, usually where scour had
occurred. Beach macroinvertebrates were also observed to
have been carried inland as washover sediment. These ob-
servations were presented as evidence that previous storms
are recorded as layers in the stratigraphic record and to em-
phasize the role that large storms play in moving sediment
inland.

SCHWARTZ (1975) examined washover sediment texture
and textural grading following a northeaster on an Assa-
teague Island overwash fan to understand overwash process-
es. The fan was subject to runup overwash. On the back-
beach, deposits were horizontally stratified, indicating a lay-
er deposited after each surge. Toward the bay, the deposits

dip in the direction of the bay, typically extending outwards
with each surge with further horizontal layering on top. This
is known as a delta foreset stratification and is associated
with the landward terminus of the washover, allowing his-
torical identification of the washover penetration. According
to SCHWARTZ, textural grading of sediments suggested that
bed load was dominant, which is in agreement with LEATH-
ERMAN (1977), who also hypothesized bed load dominance af-
ter taking suspended sediment measurements in a similarly
sized storm on Assateague Island.

MoRrTON (1979) describes five washover morphologies on
the Texas Gulf Coast barriers following three hurricanes that
formed by wind stress during overwash or by wind stress
modifying a newly deposited washover. The morphologies are
summarized in Table 1. He remarks that the driving forces
are difficult to quantify because of the uncertainty in wind
stress coefficients, and that the additional transfer of mo-
mentum because of the horizontal component of wind-driven
rain, sea spray, and wind gusts may increase the wind stress
significantly during a hurricane or large storm.

LABORATORY STUDIES

Relatively few laboratory studies on overwash have been
conducted through which the transport processes and mor-
phology change can be quantified. The usual difficulties in
reproducing a scaled moveable bed model may apply, unless
the work is conducted in a large-scale facility such as done
for beach profile change at SUPERTANK (KRAUS, SMITH,
and SoLLITT, 1992). WiLLIAMS (1978) conducted the first set
of laboratory experiments aimed directly at overwash and
also suggested one of the earliest predictive models. At
around the same time, STAUBLE (1979) conducted experi-
ments examining the effects of uprush and backwash on sed-
iment transport, including the case where overwash occurs.
Apart from the experiments by WiLLiams (1978) and StAU-
BLE (1979), overwash was not simulated in the laboratory
until 1992. Since then, results from several studies and as-
sociated analyses have been published for various different
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types of overwash (BRADBURY and POWELL, 1992; HANCOCK,
1994; PARCHURE, DEAN, and SRINIVAS, 1991; PIRRELLO,
1992) (T.E. BaLpock; K. Day; M.G. HUGHES, and F. WEIR,
unpublished data), discussed below.

Runup Overwash

WiLLiaMs (1978) simulated overwash by runup of mono-
chromatic waves generated in a 30-m-long by 2.5-m-wide
tank. The waves were created by a piston-type wave gener-
ator driven by a hydraulic actuator and measured offshore
with a capacitance wave probe. A cart-mounted profiling de-
vice measured vertical variation in profile using a linear var-
iable differential transducer, and horizontal variation in pro-
file using a rotational potentiometer. The average sediment
grain size was 0.21 mm.

Typically, sediment was deposited at and behind the dune
crest such that the test was terminated when the buildup of
the dune crest prevented overwash. Therefore, this experi-
ment involved crest accumulation, as defined above. WiL-
LIAMS (1978) identified three types of profile response. Wil-
liams’ Normal Response 1 results in an increase in dune crest
height and accretion on the back beach. Normal Response 2
results in an increase in dune crest height and some erosion
on the back beach. The third type, Erosive Response, results
in a decrease in dune crest height and, generally, accretion
on the back beach. Finally, two of the tests were terminated
when the overwash eroded the dune to below the water level
such that overwash by inundation was initiated; thus, this
response can be described as crest lowering caused by over-
wash by runup. Williams’ results pointed to some relation-
ship between wave steepness, profile response, and overwash
response. It appeared that overwash response is affected by
the nearshore response to the incipient wave conditions.

STAUBLE (1979) examined the effect of single uprush bores
and the subsequent backwash for both normal runup condi-
tions and overwash conditions. A single incoming bore was
formed by rotating the gate of a 13-m-long, 0.75-m-wide dou-
ble-gated glass flume until the bore flowed upslope. Before
the backwash from the bore reached the gate again, the gate
was raised to allow the backwash to flow out the tank. A
beach was constructed using a 5-cm layer of natural beach
sand from Assateague Island on top of a plywood base sloped
at 2°. For the overwash case, the constructed beach reached
a crest when the beach was 5.8 m long, and a back beach,
also sloping at 2° was constructed behind the crest. This back
beach terminated in a collection tank. Three capacitance
gauges were used to monitor water levels on the seaward
beach, and a fourth gauge monitored water levels on the
backbeach. Two Marsh-McBirney bidirectional current me-
ters and one Marsh-McBirney unidirectional current meter
were positioned to monitor the flow velocity at a fixed dis-
tance above the bed. The unidirectional meter was orientated
so as to only record the backwash velocities. Sampling rate
for all instruments was 0.05 seconds.

In comparison to the case of an ordinary runup bore on the
same beach, the overwash swash experiment showed reduced
backwash, namely the flow that did not overtop the beach
crest, and hence less backwash sediment transport on the

foreshore and net change of the foreshore slope occurred. For
the runup case, the greatest capacity to transport sediment
was observed at the end of the backwash mode. For the ov-
erwash case, this capacity was obviously reduced. Morpho-
logical profile change was observed after 10 repeats of the
bore. For the overwash experiment, the crest had lowered
about 3 cm but migrated seaward. There was net erosion on
the backbeach; however, a small bar-like accretion was
formed in the middle of the backslope. It is unclear from this
publication whether or not the flow at the crest was super-
critical; however, the maximum uprush flow on the beach
slope is subcritical. The results of this study provide data for
an isolated uprush and backwash cycle, and allow comparison
of the hydrodynamics and sediment transport capabilities for
an ordinary runup on an infinite beach and an overtopped
beach. Such data sets are useful in considering the action of
excess runup, AR, as a measure of the overtopping flow and
the sediment transport potential. The data also provide fur-
ther insights into the changes in seaward profile when return
flow is reduced by overtopping.

BRADBURY and POWELL (1992) simulated runup overwash
on shingle beaches in a 3-D wave basin, and process obser-
vations were made. Although the experiments were conduct-
ed on a shingle beach, many of the qualitative results are
applicable to sand beaches. The model spit, made of graded
anthracite, represented 1 km of prototype beach onto which
random waves were generated. By designing and calibrating
the laboratory model to fit observed field conditions (field
study is described above in the “Field Studies” section), they
were able to reproduce the observed profile response at Hurst
Spit on the south coast of the U.K. Adjustable parameters
included wave height (1-m to 4.5-m prototype), period (6-s to
12-s prototype), static water level (freeboard ranged from
0.5-m to 6-m prototype), wave approach angle (5-15°), and
crest width (2-m to 20-m prototype). Beach profiles were mea-
sured at 2-m prototype spacing before and after each test
using a computer-driven incremental bed profiler. An over-
head video camera recorded the evolution of the crest fea-
tures. Waves and water level were measured, but the proce-
dures are not described.

Both crest accumulation and lowering were observed. Crest
accumulation occurred for a very narrow range of hydraulic
conditions, namely when the overtopping waves just reached
the crest. As the wave height and/or the water level in-
creased, crest lowering began. The rate of crest lowering was
observed to be a function of the crest width and the hydraulic
conditions. There was also a large spatial variation in the
rate of crest lowering. Crest lowering was observed to occur
by (1) formation of small washover fans, followed by (2) for-
mation of channels within the washover fan, increasing the
rate of crest lowering. As the crest lowers, the rate of low-
ering increases because the frequency of overtopping waves
increases. Wide beach crests are slower to form channels than
narrow beach crests because the overwash accelerates on the
steeper backslope of a narrow crest. Waves propagating
across the crest were sometimes observed to liquefy the sed-
iment fan, rapidly extending the washover fan shoreward
with each wave. Where a large overwashing wave was fol-
lowed by several smaller waves, crest accumulation could be-
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gin again, forming small ridges that restricted extension of
subsequent overwashes. This observation illustrates the im-
portance of modeling overwash with random waves. Char-
acteristic to shingle beaches, percolation through the beach
was observed to produce small streams and washout fans on
the shoreward side of the beach.

Hancock (1994) and KoBavasHi, TEGA, and HANCcock
(1996) developed a relationship for sediment concentration in
overwashing runup incorporating the results of overwash by
runup experiments on a dune profile (sand) under varying
incident peak spectra wave periods, T,. Moveable bed exper-
iments were conducted in a 33-m-long, 2.44-m wide wave
tank. The tank was partitioned so that the test width was
0.61 m, and random waves were generated. Sand was well
sorted, with an average grain size of 0.38 mm. Three incident
capacitance-type wave gauges measured water level varia-
tions at a frequency of 20 Hz. The gauge data were analyzed
to separate the incident and reflected waves. A fourth capac-
itance wave gauge was partially buried in sand at the crest.
This gauge recorded the overwash flow depths and, between
overwash bores, it recorded the wetted sand surface. Beach
and dune profiles were measured before and after each run
using a cart-mounted Parametrics A302S-SU high sensitivity
series 1.0 MHz, Accusan immersion transducer connected to
a Panmetrics model 22DL precision microprocessor thickness
gauge. The thickness gauge recorded the time taken for an
ultrasonic pulse transmitted by the transducer to reflect off
the sand water interface back to the transducer.

An average volumetric sediment concentration was calcu-
lated from the volumes of water, @, and sand, @, over-
washed. The range of volumetric concentration values, c,, for
all the experiments was found to be small, between 0.023 and
0.056, and the relationship between @ and @, may therefore
be described as linear such that

Q, =cQ 2)

Furthermore, the wave gauge at the crest of the initial dune
showed the overwash depth, frequency of runups resulting in
overwash, and the time development of the dune crest height
(HANCOCK, 1994). For small T, initial runs were character-
ized by smaller, infrequent overwash events. For the experi-
ments with larger T, values, initial overwash rates were
high, and the rate of dune crest lowering was also high. As
mentioned above, for BRADBURY and POWELL (1992), these
results indicate the positive feedback mechanism that over-
wash can initiate. Hancock also compared measured overtop-
ping rates with the overtopping equations of DE WAAL and
VaN DEr MEER (1992) and VAN DER MEER and JANSSEN
(1995) for structure overtopping. Results were within order
of magnitude range, which indicated that structure-overtop-
ping equations can give only a rough estimate of overwash
rate. They also calculated wave reflection coefficients in the
nearshore using the method of SEELIG and AHRENS (1995)
and compared with measured reflection coefficients. For
waves that did not overwash, the equation performed well,
but not for overwashing waves.

Most recently, BALDOCK et al. (T.E. BaLpocK; K. Day;
M.G. HucHES, and F. WEIR, unpublished data) conducted
laboratory experiments of overwash by runup. The experi-

ments were conducted in a 20-m-long by 0.9-m-wide wave
flume at the University of Queensland, Australia. A planar
beach consisting of a 5-mm-thick layer of 0.3-mm median
grain size sand was constructed. The beach was truncated at
the estimated point of maximum runup and a catchment tray
placed directly under the truncation point. Overtopping flow
volumes and overwashed sand volumes (dried and weighed)
were therefore measured. Offshore waves were measured
with an electronic wave gauge. The focus of the measure-
ments was on overwash and washover quantities, as opposed
to beach profile change. The resulting measurements were
consulted to verify a numerical model of swash overtopping
(M.G. HucgHES and T.E. BALDOCK, unpublished data) based
on an analytical solution of the shallow-water equations
(PEREGRINE and WiLL1AMS, 2001). Their model is discussed
in the section on modeling.

Inundation Overwash

Further conclusions related to subaqueous profile devel-
opment and overwash response can be drawn from the ex-
periments described in PARCHURE, DEAN, and SRINIVAS
(1991) and SRINTVAS, DEAN, and PARCHURE (1992). A barrier
island with an initial linear profile and broad flat crest was
modeled using fine sand (d5, = 0.2 mm) in a 46-m-long and
1.8-m-wide wave tank at the University of Florida. The wave
tank was divided in half so that the experiments were con-
ducted in a 0.9-m-wide section. A wave generator with hy-
draulic-drive pistons at two elevations allowed the piston,
flap, or combination motions to simulate both regular and
irregular waves. A capacitance wave gauge, an electromag-
netic current meter, and an automatic bed profiler were cart-
mounted so that measurements could be taken cross-shore.
An overwash collection basin was placed at the shoreward
end of the horizontal beach crest. Collection efficiency was
concluded to be poor because some suspended sediment was
observed to bypass the bucket.

The experiments were conducted with water levels below,
at, and above the beach crest, but the wave height for the
experiment conducted below the beach crest was insufficient
to cause observable overwash by runup profile change. The
water level at the beach crest resulted in deposition on and
behind the crest, and water levels above the beach crest gen-
erally resulted in translation of the crest landward. Currents
across the island reached 1.1 m/s (prototype).

SRINTVAS, DEAN, and PARCHURE (1992) found that offshore
bars were formed for the regular wave simulations, but were
indistinct or nonexistent for the irregular wave simulations.
Additionally, the magnitude and peakedness of the bar were
reduced as surge level increased. The authors suggested that
this was because of the lack of return mass transport as the
island became inundated. As expected, the location of the bar
shifted landward as the surge level increased because the
location of breaking waves moved landward. For the simu-
lation of the rising and falling surge level, a small bar ap-
peared initially, but was flattened as the water level in-
creased, indicating that the bar did not have time to form
and stabilize in between increases in water level. The simu-
lations of PARCHURE, DEAN, and SRINIVAS (1991) are only
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applicable to field conditions where ocean and bay water lev-
els are not coupled. Nevertheless, conclusions drawn from
comparing regular and irregular waves and unsteady water
level will be useful for design of future laboratory experi-
ments on overwash.

PIRRELLO (1992) continued the work of PARCHURE, DEAN,
and SRINIVAS (1991) and SrRINIVAS, DEAN, and PARCHURE
(1992) by simulating overwash by inundation with varying
wave height and period and surge level in the same facility.
Superimposed water level gradients were also modeled to
simulate cross-island currents induced by the flow of water
from ocean to bay where the ocean level is higher than the
bay level. These currents were created by pumping water into
the shoreward end of the tank with a 7.5-hp pump. The re-
sults of Pirrello’s first experiments (those without an imposed
water gradient) are similar to those of PARCHURE, DEAN, and
SRINTVAS (1991) and SRINTVAS, DEAN, and PARCHURE (1992),
but contain the effects of varying wave steepness. Again,
there is inconsistency in the results. Although the breakpoint
and bar moved further offshore for increasing wave steepness
while the overwashing surge level was low, the opposite oc-
curred for the higher surge level. It is not known why this
occurred. PIRRELLO (1992) also measured currents and wave
height across the island. After breaking, wave height reduced
gradually, and then remained constant across the island.
Wave height decay was shown to occur more steeply for low
surge level than for high, and current measurements showed
greater negative velocities for the low surge level than for the
high surge level, indicating greater amounts of return flow
at low surge levels.

The addition of a cross-island current was significant. The
position of wave breaking shifted shoreward, and wave decay
occurred steeply after breaking with a gradual residual decay
across the island. Additionally, current measurements indi-
cate a lack of return flow in the surf zone. Deposition across
the island was slightly larger, but, more importantly, the vol-
ume of sediment collected at the shoreward end of the crest
was one to two orders of magnitude greater than that col-
lected in the previous experiments. This is, therefore, consid-
ered a more realistic representation of inundation overwash.

OVERWASH MODELING
Prediction of Overwash Occurrence and Magnitude

Prediction of overwash occurrence can provide valuable
planning information for local authorities, emergency servic-
es, and coastal residents. The extent and magnitude of ov-
erwash deposits are dependent on:

1. Storm surge magnitude and duration (which depend on
the storm severity and location of the storm eye relative
to the beach).

. Direction from which the storm approaches the coastline.

. Wave height and period.

Tidal phase during peak storm surge.

. Nearshore bathymetry.

. Beach topography, in particular barrier width and eleva-
tion.

o UL 0 N

7. Wind direction and velocity.
8. Presence or absence of dune vegetation.

CLEARY and HOSIER (1979) presented what is probably the
first quantitative overwash prediction methodology. By ref-
erence to cross-shore beach transects placed every 1 km on
the southeast North Carolina coastline, they standardized
and summed the total island width, the herbaceous and the
arborescent vegetation widths (which are related to the dune
recovery), and the erosion rate. This sum was then shown to
have a high negative correlation (r = —0.9597) with the fre-
quency of overwash history at each transect. Based on these
results, overwash susceptibility levels (severe, moderate, or
low) were assigned along the coastline. The methodology is
site-specific and probably only tested on a small range of
storms, but illustrates initial successful efforts to predict ov-
erwash occurrence.

Spatial variation in dune elevation can, to an extent, serve
to estimate spatial variation in overwash events. SALLENGER
(2000) introduced a “storm impact scale” that compares the
relative elevations of the dune crest and foot and estimated
surge and runup heights. Incorporation of this scale into the
airborne Light Detection and Ranging (LIDAR) system is dis-
cussed by WETZELL, HowD, and SALLENGER (2003). They
analyzed hindcasts of extreme wave runup and beach eleva-
tion data collected by LIDAR to qualitatively predict the long-
shore variation in overwash occurrence caused by Hurricane
Dennis on 17 km of the Outer Banks coastline. Their results
were compared with LIDAR surveys collected after the hur-
ricane had passed. Where overwash was predicted, compari-
sons of pre- and poststorm profiles were consistent with the
spatial occurrence of overwash. Predictions based on this sys-
tem are now shown on the USGS website prior to hurricane
landfall.

MoRTON and SALLENGER (2003) examined the control by
various factors on the overwash penetration distance during
extreme storm events on both the Atlantic Ocean coast and
the Gulf of Mexico coast. Surge height, dune topography, and
nearshore bathymetry (which all combine to produce an ex-
cess runup height) were shown to correlate with penetration
distance. Existence of vegetation and confinement of flow
were also demonstrated to control the penetration distance.
Penetration distance decreased with barrier width, but in-
creased with proximity to open water on the landward side.
Therefore, lesser overwash distances are observed on main-
land beaches where the foredune topography and surge
height is similar to that on a barrier experiencing frequent
overwash (MORTON and SALLENGER 2003).

Modeling of Washover Volume and Beach
Profile Evolution

The modeling of overwash volume and beach profile evo-
lution is a key capability for coastal authorities and engi-
neers, in terms of both development planning and poststorm
response planning. Presently, there are only a limited num-
ber of models available that can, to some extent, predict ov-
erwash profile evolution or washover volume. There remains
considerable room for improvement. A suitable goal is a 2-D
model that calculates washover quantities and profile evo-
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lution based on surge level, offshore wave conditions, and ini-
tial condition of the barrier beach morphology and sediment.
Many of the studies summarized in this section are steps
along the path to achieving this goal. Both physical and em-
pirical approaches are documented, including systematic at-
tempts to model runup, overtopping, and sediment transport,
as well as bulk approaches. For example, some studies (e.g.,
LEATHERMAN, 1976a; SANCHEZ-ARCILLA and JIMENEZ,
1994) have combined formulas for runup or overtopping vol-
ume theories with sediment transport theories to obtain an
order-of-magnitude estimate of washover volumes and/or pro-
file evolution. Other studies, for example WiLLIAMS (1978),
have used bulk parameters to relate the offshore hydrody-
namics to the washover volume, and these are referred to as
“bulk approaches.” More sophisticated models to estimate
profile evolution (e.g., LARSON, WisE, and Kraus, 2004, 2005)
have also been developed. This section summarizes various
attempts to model overwash and evaluates the current ca-
pabilities for modeling profile evolution caused by overwash.

WiLLiaMS (1978) examined the results of his laboratory ex-
periments to test two different sediment transport models
that relate sediment transport rate with AR and the inverse
of the wave period. The first of these models is based on the
assumption that the overwash transport rate is proportional
to the excess runup raised to some exponent, a:

K,
Quu = AR ®

where Q.. is the rate of sediment overwashing, K, is a pro-
portionality constant, and 7' is the wave period. The second
model is based on the assumption that the overwash trans-
port rate increases rapidly for small values of AR and as-
ymptotically approaches zero in an exponential form as AR
increases:

Q. = %ARe’K“R 4)

where K, and K, are proportionality constants.

In other words, there is a theoretical maximum sediment
transport rate. The two functions were integrated so that vol-
umes of washover sediment measured could be compared to
the calculated volumes. Both functions calculated order-of-
magnitude volumes (usually within a factor of 3). Neither of
the models performed consistently better than the other, nor
were the washover volumes consistently under- or overesti-
mated. The values of K, K,, K;, «, and AR were calibrated
from the same set of data. Qualitatively, the laboratory model
compared well with sediment transport and morphology pat-
terns observed in the field.

TANAKA, SUNTOYO, and NAGASAWA (2002) adopted a sim-
ilar approach to the first model suggested by WiLLiaAMS
(1978) to calculate the overtopping rate:

Qo = a(Ru + MNtide — Hc)n (5)

where @, is the overtopping rate per wave per unit width, H,
is the dune crest height, R, is the wave runup height calcu-
lated using Ocawa and SHUTO (1984), 1. is the variation
in seawater level caused by tide, « is equal to 0.5 m/s (Tom-

INAGA and SAKUMA, 1971), and n is equal to 2.0 (TOMINAGA
and SAKUMA, 1971).

This formula was then adjusted for irregular waves accord-
ing to Gopa (1985). The sediment overwash rate was calcu-
lated assuming that it is linearly related to the overtopping
rate (HaNcock and KoBayasHI, 1994). The resulting order-
of-magnitude estimate was comparable to volumes of sedi-
ment deposited in Gamo Lagoon, Japan, following storms
causing overwash. Measured volumes were calculated using
the average washover depth obtained from pre- and posts-
torm cross sections (1979 and 1995) multiplied by the area
change derived from pre- and poststorm aerial photographs.

Several other, more detailed physical models have been in-
troduced to calculate the volume of washover during a storm.
LEATHERMAN (1976a) applied the Einstein sediment trans-
port equation to overtopping velocities measured at mid-
depth. He assumed a steady-state velocity profile and ignored
percolation losses. The calculated and measured transport
rates were within an order of magnitude but showed consid-
erable scatter. For the Trabucador Bar in Spain, SANCHEZ-
ArciLLA and JIMENEZ (1994) calculated overwash sediment
transport rates by first calculating storm runup by the meth-
od of MASE (1989), the current on the back slope using the
Chezy formula, and the sediment transport rates according
to VAN RN (1984). Fluid velocities are slightly less than
those measured by LEATHERMAN (1976a), but Leatherman
measured velocities in channelized flow. The sediment trans-
port rate calculated by SANCHEz-ARCILLA and JIMENEZ
(1994) is plausible if compared to the quantity of sediment
deposited in the bay, but pre- and postoverwash profiles to
calculate more accurate volume change were not compared
for this study.

HanNcock and KoBayasHI (1994) compared the results of
their laboratory experiments on overwash by runup (dis-
cussed above) to the irregular wave overtopping formulae of
DE WaAL and VaN DER MEER (1992). A follow-up study (Ko-
BAYASHI, TEGA, and HAaNcOCK, 1996) compared the same
laboratory measurements with an updated overtopping for-
mula by VAN DER MEER and JANSSEN (1995). The first for-
mula consistently underpredicted the overtopping rate for ov-
erwash by runup. The second set of calculations generally fell
within the 95% confidence interval of the predictive formula
but failed to show the observed variation of overtopping vol-
ume for varying runup levels. TUAN (2003) points out that
the equivalent slope used for the overtopping equation can
represent many different profiles. Given the strong depen-
dence of overwash response on the subaqueous profile, as ob-
served in the constant response of a beach profile to the forc-
ing conditions, and the laboratory experiments discussed
above, it can be seen that overtopping formulas developed for
hard structures cannot be directly applied to overtopping of
sand beach crests. TUAN (2003) aimed to improve the repre-
sentation of the slope in overtopping formulas. It was recog-
nized that the submerged and subaerial portions of the slope
varied quite differently. The subaerial slope was assumed to
be constant, whereas the subaqueous slope was assumed to
decrease exponentially. Thus, a time-varying expression was
developed to represent the equivalent slope in subaerial dune
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overtopping calculations; however, the expression is unveri-
fied and warrants further investigation.

A numerical model of swash overtopping (M.G. HUGHES
and T.E. BALDOCK, unpublished data) based on an analytical
(PEREGRINE and WiLLIAMS, 2001) and a numerical solution
of the shallow-water equations was verified by BALDOCK et
al. (T.E. BaLpock; K. DAy; M.G. HUGHES, and F. WEIR, un-
published data) with the laboratory simulations described
above. The model calculates the overtopping volume as a
function of E, a nondimensional measure of the truncation
point (the theoretical runup limit). The predicted overtopping
volume fits the measured well, although there is scatter in
the data. BaLpocK et al. (T.E. BaLpock; K. Day; M.G.
HucgHESs, and F. WEIR, unpublished data) suggest that the
scatter may be explained because overtopping volume should
also be a function of wave period such that the influence of
swash interaction is taken into account. A Shields model for
bedload was used to calculate washover volumes for individ-
ual waves with the velocity field from the numerical model
as input. Again, because the overtopping volume is dependent
only on E, sediment transport may only be calculated as a
function of E, and this is only true if just bedload occurs. The
modeled washover volumes fit the measured washover vol-
umes well, indicating that the above assumption was valid
for the data set.

For the case of overwash by inundation, PIRRELLO (1992)
employed the wave decay model of DALLY, DEAN, and DAL-
RYMPLE (1985) across a barrier island. Wave transformation
before breaking was well estimated, but wave transformation
across the island was underestimated. Where a gradient in
water surface elevation was simulated across the island, the
model correctly estimated the trend of wave height decay, but
failed to reproduce the magnitude. This is to be expected,
because the model was not modified to take into account the
cross-flowing current. A mass flux equation developed by
SVENDSEN (1984) for nonoverwash conditions was used to
calculate return flow currents in the surf zone and across the
island. An imbalance between the mass transport flow and
the return flow is characteristic for the occurrence of over-
wash. As expected, a strong return flow correlates well with
the formation of bars. Over the island, flows capable of sus-
pending and transporting suspended sediment were modeled.
For the case of simulated water surface gradient, there is no
modeled return flow, i.e, all overtopping flow is transported
landward. The laboratory measurements were not sufficient
to verify this assumption about the currents, and PIRRELLO
(1992) suspected that a small return flow might exist near
the bottom.

Modeling of Washover Volume and Beach
Profile Evolution

More comprehensive algorithms for prediction of dune pro-
file evolution have been based on geometric considerations in
combination with physical concepts derived from empirical
observations. KrRaus and Wise (1993) (see also WISE and
Kraus, 1993; WisE, SMITH, and LARSON, 1996) developed an
algorithm for simulating overwash by runup over sand dunes
for inclusion in the SBEACH beach profile change numerical

model (LARSON and Kraus, 1989). The swash zone, dune
crest, and landward slope of the dune were treated as sepa-
rate transport regions with specific formulas developed for
each region. The model was applied with success to simulate
profile response at Ocean City, Maryland, to the 4 January
1992 storm, a major erosive event. Both the reduction in crest
height and the thickness of washover deposits were correctly
represented, as well as the quantity and location of offshore
transport.

Larson, WIsE, and Kraus (2005; see also LARSON, WISE,
and Kraus, 2004) enhanced the SBEACH overwash algo-
rithm developed by Kraus and Wisk (1993) to include trans-
port formulas that have improved physical foundation for the
three regions. In the swash zone, the sediment transport rate
q.., was determined from the formula proposed by LARSON,
KuBoTta, and ERIKSON (2001, 2004), which describes the net
transport over many cycles,

I D
Qsw = cg (tan Bl tan Be)T (6)

where K, is an empirical transport coefficient, u, the front
speed of the uprushing wave (bore), 8, the local foreshores
slope, B, the equilibrium foreshore slope, ¢, the time during
which a specific location is submerged, and T the swash pe-
riod (normally taken to be equal to the incident wave period).
Ballistics theory was used to calculate the hydrodynamic
quantities u, and ¢, that characterize the swash cycle. At the
dune crest, the transport rate, q,, was assumed proportional
to the overwash volume rate in accordance with HANcock
and KoBavasHI (1994) and KoBavasHI, TEGA, and HAN-
CcOCK (1996), yielding a transport rate at the crest,

2
dp = KLQ\/%(R — 2p)? (7

where K, is another nondimensional coefficient, R a fictive
runup height neglecting overwash, and z,, the dune crest el-
evation over the mean water level.

Bore velocity on the back barrier was calculated assuming
a linear spreading of the flow and the sediment transport rate
was set proportional to the velocity cubed. Thus, the trans-
port rate (g,) on the landward side of the dune is obtained as

dp

" 1- us/B, ®)

ar
where s is the horizontal distance from the dune crest, B, the
width of the overwash flow in the throat, pu a spreading co-
efficient, and the subscript D indicates the dune crest loca-
tion. Percolation effects were neglected in Equation 8. The
new algorithm was validated with the previously employed
data from Ocean City as well as with topographic change
data from Assateague Island, which were obtained during the
severe January and February 1998 northeasters (Figure 9).
SRINIVAS and DEAN (1996) developed a research-level 1-D
numerical model of cross-shore sediment transport and pro-
file evolution. Emphasis was on resolving the cross-shore flow
pattern, both inside and outside the surf zone. Bed load and
suspended load were computed separately based on the wave
and current calculations. It is not clear from their paper how

Journal of Coastal Research, Vol. 22, No. 4, 2006



982 Donnelly, Kraus, and Larson

20 - 9 February 1988

LIDAR Data

in
T

3 February 1938
MFS Survey

Elevation, rm (MAYD)
o
T

08 -

| Aflantic Ccean Bay

- N I | N IR SO - S |
S00 850 [=]ulx] 650 Joo 750 200 250

Distance Across Barrier Island, m

Figure 9. Assateague Island barrier profiles survey prior to and follow-
ing the January and February 1998 northeasters. The water level for this
storm (including surge) was 1.8 m NAVD-88.

the swash zone was treated in terms of hydrodynamics and
sediment transport, but the model encompassed the capabil-
ity to simulate overwash caused by inundation. Model vali-
dation was carried out for a limited number of small-scale
laboratory studies involving the flow over a flat, broad bar-
rier island that was being submerged at zero mean water
level gradient (PARCHURE, DEAN, and SRINIVAS, 1991; see
also SRINIVAS, DEAN, and PARCHURE, 1992). The simulation
results were judged to be good, with qualitative representa-
tion of offshore bar behavior and the effect of overwash on a
broad flat barrier island. No applications of the SRINTVAS and
DEAN (1996) model in engineering studies were found in this
review.

A model to estimate the evolution of a barrier’s ocean and
bay coasts was presented by JIMENEZ and SANCHEZ-ARCILLA
(2004). The evolution of the ocean coast was estimated using
a one-line model with a radial coordinate system, with gra-
dients in longshore sediment transport assumed to be the
driving mechanism. Overwash processes were assumed to be
the driving mechanism for bay coast evolution, and the ov-
erwash rate was taken as

Bcrit *
Qi = Qm(B—) 9

w

B,>B

w crit?

B, = B, Q,=0 (10)

where B, is the barrier width, B, the critical barrier width,
Q.. 18 the rate of overwash at the ocean coastline, @,, is the
overwash contribution to the backbarrier, and o a parameter
that determines the amount of material to be contributed to
the bay coast.

The critical barrier width B, is the width for which no
overwash will reach the bay under “normal conditions” and
is a function of the wind and wave climate and the barrier
geomorphology. The bay coast evolution is then calculated
from the continuity of sediment equation with the change as-
sumed parallel to the change on the ocean coast. The concept

of a critical width under normal sea conditions is based on
LEATHERMAN's (1985) conclusion that transgressive barriers
that only overwash to the back barrier on a decadal scale
generally erode or, in other words, become narrower. The
long term modeling of Assateague Island by KocHEL and
WAMPFLER (1989) indicates that LEATHERMAN’s (1985) As-
sateague Island studies were based on unusually calm years,
so it is possible that this assumption is not entirely valid.
Although the ocean coast evolution model was calibrated and
validated, the bay coast model was not.

DISCUSSION
Overwash Processes and Morphologies

Much of the earlier research concerning overwash process-
es and washover formation was contributed by geologists and
geographers. Overwash has traditionally been of lesser inter-
est to most engineers, probably because typical coastal pro-
jects in the past did not consider overwash as a hazard. Post-
hurricane experience indicates, however, that washover can
be a major engineering consideration. Overwash is related to
the regional and long-term evolution of the coast, a further
factor that influences many coastal engineering projects.

Considerable data and observations concerning overwash
and washover are available. As can be seen, overwash pro-
duces a variety of morphology changes, in order of increasing
severity:

1. Crest accumulation (whether on a dune crest, beach crest
or in an overwash throat)

2. Dune rollback (resulting from the erosion of the seaward
side of a dune and deposition on the landward side)

3. Dune lowering (with deposition of sediment landward of
the dune)

4. Dune destruction (with deposition of sediment landward
of the dune)

5. Barrier rollback (sediment eroded from the beach and sea-
ward side of the barrier, transported as sheetwash and
deposited over old marsh vegetation or in the bay)

6. Barrier breaching/inlet formation

As discussed above, in the section “Definition of overwash
processes and morphology,” the hydrodynamic characteristics
of the overwash can, to some extent, be related to the wash-
over morphology, although more hydrodynamic observations
are required to clearly quantify these links. The relative pe-
riods of positive or negative feedback, suggested by ORFORD
et al. (2003), may explain why beach crests may either in-
crease or decrease in height, maintain their position, or
translate landwards following an overwash event, and this is
linked to tidal control and the relative storm surge level. For
many of the studies referenced in this review, the type of
overwash (runup or inundation) has been assumed based on
information of the relative levels of surge and beach crest,
and the resulting morphology has therefore been related to
these inferred quantities. Unambiguous hydrodynamic data
are required to strengthen the hypotheses.
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Figure 10. Schematic of barrier island accretion. The erosion of the fo-
redune is roughly equal in volume to the accretion of the back barrier.

Figure 11. Schematic of barrier island rollover where the barrier shape
is preserved (translation).

The Role of Overwash

Much discussion has been devoted to the role played by
overwash in barrier island migration. It is beyond the scope
of this review to cover the literature of the medium and long-
term evolution of barrier islands. It is understood that over-
wash deposits may in some cases be redistributed by wind,
eroded seaward during smaller storms, or in other situations
simply be a minor contribution to the sediment budget of a
barrier island as compared to processes such as sediment
transported inland through inlets by flood tides. Back barrier
accretion by overwash has been observed to correspond with
ocean shoreline recession, although whether all overwash re-
sults in recession is not certain. The general consensus seems
to be that where overwash occurs, the bulk of the sediment
is transferred inland instead of being deposited offshore;
thus, the sediment volume of the barrier island is somewhat
preserved in the overwash process. The observed immediate
responses of barrier islands to overwash may be summarized
as falling into two categories:

1. Barrier accretion—The ocean coast erodes, but there is no
deposition in the bay, hence the width of the barrier de-
creases. The height of the barrier increases (Figure 10).

2. Rollover—For more severe overwash or where barriers are
narrow, sediment deposits reach the bay and, although the
ocean shoreline erodes, the bay shoreline accretes. It is
possible for the foredunes to translate landwards, thus
preserving the general shape of the barrier (Figure 11).
However, another likely response is the removal of fore-
dunes and deposition of this sand onto the back of the
barrier and into the bay (Figure 12).

Overwash Occurrence

Prediction of overwash occurrence locations for an ap-
proaching storm or hurricane of certain characteristics is now
possible. The storm impact scale (SALLENGER, 2000) and es-
timated storm surge heights for the storm or hurricane, in

association with topographic data collected by LIDAR (WETz-
ELL, HOwD, and SALLENGER, 2003), is currently in use along
the U.S. coastline to warn of overwashing locations. The to-
pographic data along a coast are summarized through two
parameters, Dy, the local beach or dune crest height, and
D,,,, the local dune base. The topographic data are then com-
pared with R,;,, and R,,,, which are hydrodynamic parame-
ters representing, respectively, the maximum runup height
and the maximum runup height minus the expected 2% ex-
ceedance swash amplitude. Table 2 summarizes the SALLEN-
GER (2000) storm impact scale, and Figure 13 defines the
variables listed in the table. Such information is important
for developed coastlines in making decisions on evacuating
residents and protecting property. The storm impact scale

Transiation
afthe ocean

shoreline
Ll I

Trawnslation
aof the bay

shareline

Figure 12. Schematic of barrier island rollover where the barrier shape
is not preserved. The erosion of the foredune is roughly equal in volume
to the accretion of the back barrier.
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Table 2. Storm Impact Scale for barrier islands (adapted from Sallenger
2000).

Impact
Level Definition Regime
1 0 < Ryign/Drign < Dou/Diign Swash regime—runup is
confined to the beach
foreshore
2 Dy, /Dy, < Ryign/Diig, < 1 Collision regime—runup

reaches the foredune
ridge

3 R,y/Dyg, > 1 and R, /Dy, < 1 Overwash regime—runup
exceeds the foredune
ridge or beach crest

4 Ryi/Dyig, > 1 and R, /Dy, > 1 Elevation regime—eleva-
tion of the base of the
swash motion exceeds
the foredune ridge or
beach crest

could also be incorporated in planning development in affect-
ed regions and in shore-protection design to reduce overwash.

Many researchers have remarked about observation of
some kind of longshore spatial regularity (periodicity) of
washover fans or maximum storm surge penetration (e.g.,
BraADBURY and PowEkLL, 1992; DorAN and HAYDEN, 1981;
DoraN, HAYDEN, and FELDER, 1979; MoRrTON, 1979, OR-
FORD and CARTER, 1984; and SUTER et al, 1982). It is ac-
cepted that where the dune or berm crest is high, overwash
exploits existing discontinuities in the crest. In developed ar-
eas, this discontinuity might be a beach access path or a boat
ramp, but on natural coasts, the discontinuity is usually the
site of previous overwash or a closed breach. The spectral
analysis of DoLaN and HAYDEN (1981) on longshore over-
wash penetration positions and shoreline positions indicated
periodicities on the order of 10-15 km on sand barriers. The
analysis of ORFORD and CARTER (1982) using frequency his-
tograms of the between throat distances indicated periodici-
ties of 30—40 m for a duneless gravel barrier. It has been
suggested, though, that the periodicity must originally be
linked to a coastal process. Suggested causes include edge
waves, standing waves trapped between two capes, or simply
alongshore variations in the runup height. The work of Do-
LAN, HAYDEN, and FELDER (1979) and DoLAN and HAYDEN
(1981) explores some of these possibilities, but firm conclu-
sions have not been drawn. For example, one must be cau-
tious in interpreting a random signal as a periodicity.

Present Modeling Capabilities

Presently available overwash modeling capabilities can be
separated into the categories of (1) sediment volume esti-
mation and (2) profile response modeling.

1. Sediment Volume Estimation

Most models calculate the volume of sediment in runup
overwash. Table 3 represents an effort to summarize the
characteristics of such models, although variations in model
type make it difficult to present a consistent comparison. The
recent model by BALDOCK et al. (T.E. BALDOCK; K. DAY; M.G.
HucHESs, and F. WEIR, unpublished data) appears to be the

'Rhigh - RZ% + MNinean
where R, is the 2% exceedance

runup and 1, is the mean water
level ineluding tides and storm

SUIge. Dhigh .
.Rlow = R'h1gh - Sg% ..... S

- where 8., is the 2 % exceedance
swash amplitude

(dune crest)

-------

Figure 13. Definition sketch describing variables used in scaling the im-
pact of storms on barrier islands (adapted from Sallenger, 2000).

most accurate and robust of the approaches included, but it
is also the most complicated and to date has been verified
only with laboratory data. It is difficult to distinguish be-
tween the performances of the other five models. The model
of SANCHEZ-ARCILLA and JIMENEZ (1994) applies the Chezy
equation for open channel flow to calculate the velocity on
the back slope. Such an approach assumes gravity-driven
flow across the back barrier and omits the contribution of
swash momentum to the overtopping flow velocities. This is
probably a reasonable assumption for inundation overwash if
inundation levels are large compared to wave heights, but it
is questionable for runup overwash.

As shown in Table 3, most of the volume calculation models
require the extent of runup as input, but it may be conjec-
tured that because of the lack of return transport for over-
washing flow, the amount of swash interaction will change;
hence, runup extent may increase. Development of the bot-
tom boundary layer may also be altered. Runup velocity
would therefore be greater for overwashing waves, and the
bedload greater, because of the longer duration of positive
flow at the bed. State of knowledge for swash zone hydrody-
namics and sediment transport can be found in ELFRINK and
BaLpock (2002).

2. Profile Response Prediction

The only model that has successfully predicted 1-D cross-
shore profile change caused by overwash for field conditions
is SBEACH (LarsoN, WISk, and KrAUS, 2005). The recently
enhanced overwash model in SBEACH is based on mesoscale
formulas for sediment transport within the swash zone,
across the dune crest, and landward of the crest, where the
hydrodynamic input is estimated based on ballistics and shal-
low-water wave theory. A linear lateral spreading of the ov-
erwashing wave at the landward side of the dune is assumed
when simulating the development of overwash fans. Devel-
opment of overwash fans occurs under certain conditions and
the fan shape is primarily determined by the local topogra-
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phy, as seen in Figures 4 and 5. However, it may be that the
assumption of a linear spreading performs well within a 1-D
framework, because it can broadly take into account losses
by lateral spreading (which for most washover fans is less
than 45°), friction, and percolation.

The cross-shore numerical model of SRINTIVAS and DEAN
(1996) does not represent overwash spreading on the back
beach, percolation, or friction. The model was employed to
simulate profile response in connection with inundation of a
flat, broad laboratory barrier island, but no field verification
was carried out. The published results, compared to modeled
overwash caused by 0.16-m waves and 0.1 m of inundation,
indicate the model’s capability to predict a washover that
thins toward its landward boundary, as well as rollback of
the beach crest, but it is unknown how this model performs
for prototype conditions, in particular for dunes or a land-
ward-sloping back beach. The modeled volume of laboratory
washover is within 30% of the measured. PIRRELLO (1992)
showed that the wave transformation model of DALLY, DEAN,
and DALRYMPLE (1985) was not able to accurately predict the
wave height decay across a barrier island modeled in the lab-
oratory, suggesting this was probably because the net mass
flux through the system increased, thus reducing wave height
decay. Therefore, in considering inundation overwash, a re-
fined wave transformation model may improve the results.
As yet, no 2-D model for overwash prediction of sediment
transport and topographic change exists.

Future Model Development

Although only a small amount of overwash hydrodynamic
data have been collected, valuable observations have been
made. For runup overwash, bed load is typically the domi-
nant mode of transport, whereas information is lacking about
what prevails during inundation overwash. If suspended load
contributes significantly, it would more likely be where ov-
erwash velocities are greatest—for example, in channeled in-
undation overwash where large gradients in elevation may
exist. For large-scale inundation overwash or the inundation
of a prominent dune feature, the hydrodynamics on the back
slope are similar to those described by VissSER (1998) for sand
dike breaching; flow on the back slope is supercritical, and
sediment transport is dominated by suspended load.

Several processes have not been taken into account in 1-D
models. It is acknowledged that bar location and magnitude
may affect the level of runup and hence the amount of runup
and the type of overwash (SmMITH and Kraus, 1991). It is
suspected that this lack of return flow for larger overwash
events (HaNcoCK, 1994) may reduce the size of a storm bar
or hinder its formation, but more research is needed to de-
termine the magnitude. Other processes that have yet to be
taken into account in overwash profile models are percola-
tion, friction (e.g., flow impedance by vegetation), local topog-
raphy including channeling of overwash through gaps in the
beach crest, and wind-induced currents.

For the initial overwashes of a storm, percolation into dry
sand results in rapid deceleration of the overwash and rapid
deposition. As the fan becomes wetter, these losses decrease
and overwash may penetrate further inland. Heavy rain dur-

ing a storm event may decrease this effect. Vegetation, too,
plays a large role in slowing overwash. Salt-resistant grasses
begin to populate washover fans within a year, and less-fre-
quently-overwashed areas may support small bushes and
shrubs. In developed regions, roads, buildings, fences, etc.
contribute greatly to the funneling and slowing of overwash.
Wind stress currents during an overwash can significantly
alter the expected shape of an overwash fan, usually biasing
the shape in the direction of wind propagation (MORTON,
1979). Also, subaerial wind stress reworking of deposits di-
rectly after a storm (FISHER and STAUBLE, 1978; LEATHER-
MAN, 1976¢) can modify the expected poststorm profile.

For most purposes, such as poststorm planning by local au-
thorities, a 1-D cross-shore model of profile change, such as
that by LarsoN, WISE, and Kraus (2005), is convenient for
forecasting overwash penetration and depth in the washover
channel. Although the 1-D model of Larson, WISE, and
Kraus (2005) performs well for estimation of beach profile
change along the centerline of a washover fan or during sheet
wash, it cannot predict the 2-D geometry of a washover. In
more sensitive regions—for example, on developed coastlines—
the lateral spread of a single washover fan may be of concern
to planning authorities, and a 2-D model would be more ap-
propriate. Additionally, such a model could forecast overwash
development, such as overwash channel widening, which may
precede breaching. Also, procedures exist to predict overwash
occurrence alongshore (SALLENGER et al, 2004; WETZELL,
Hownp, and SALLENGER, 2003). These procedures can be used
to formulate evacuation plans as a storm approaches.

In calibration or verification of an overwash model, pro-
cesses that may have occurred during the period spanned by
the pre- and poststorm profile surveys must be considered. If
the wind has been strong and the weather dry, the potential
for eolian redistribution of the washover sediments is high,
and the poststorm profile may contain substantial contribu-
tions from both the storm processes and eolian redistribution.
Additionally, beach recovery processes will also alter the
poststorm profile. Current profile change models have only
been calibrated and tested for sandy beaches. Overwash is
also an important process on gravel and shingle barriers (e.g.,
BRrRADBURY and POWELL, 1992; CARTER and ORFORD, 1981),
and although understanding of overwash processes has been
advanced as a result of studies on such barriers, there re-
mains scope to develop profile change models for coarse sed-
iment beaches.

In summary, it appears that overwash profile evolution on
a channel centerline or for overwash by runup can be reason-
ably modeled by a series of 1-D initial beach profiles, with
input data of variable water levels, wave heights, and wave
periods. Such models run fast and have given reliable results.
To improve predictive capability, the next most important
factors are the 2-D beach topography, vegetative impedance,
and percolation. Wind stress can also be a significant factor
that could eventually be incorporated in overwash modeling.
Wind setup and setdown are already included in 1-D models,
but not eolian sediment transport or cross-shore wind forces
that may act on subaqueous overwash deposits as a hurricane
crosses a coast (MORTON, 1979). Based on this, the following
sections describe the present status of data availability and
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make recommendations for future data collection and mod-
eling.

Data Availability

Although many poststorm profile surveys were made im-
mediately after overwash occurred, the availability of corre-
sponding prestorm profiles immediately before an event is
much more limited. For most sites, prestorm profiles origi-
nate from any time between 1 month and up to 10 years prior
to the storm. Nevertheless, there are several sets of pre- and
poststorm profile survey data sets in the literature suitable
for studying overwash. The development of LIDAR tech-
niques for obtaining high-density spatial data has increased
the availability of such information and also allows 2-D pro-
file change study.

On the other hand, forcing data sets associated with over-
wash occurrence are rarer. Offshore wave and water levels
depend on the presence of instruments located near the site,
supplemented by hindcasts as necessary. The collection of
such data for severe storms is difficult, both to prepare and
to maintain the integrity of instrument platforms. Instru-
mentation of the barrier portion of a potential site requires
confidence that overwash will occur. Pressure transducers
and capacitance wave and water level gauges can fail when
water depths are too small and are subject to movement or
burial. Remote sensing, such as by X-band radar and video,
is hampered by requirements of sturdy high platforms and
rain and, in the case of video, lack of daylight.

Available data sets that include detailed hydrodynamic and
sediment transport measurements have typically been col-
lected during small storms or during nonstorm overwash. Off-
shore wave data and water levels were collected by CARTER
and ORFORD (1981), whereas HoLLAND, HOLMAN, and SAL-
LENGER (1991), BRADBURY and POWELL (1992), and MATIAS
et al. (2003) collected nearshore wave data and water levels.
These authors also presented pre- and poststorm profiles.
Other data sets related to overwash modeling have been col-
lected during storm conditions and include overwash depths
and velocities (HoLLAND, HOLMAN, and SALLENGER, 1991;
LEATHERMAN, 1976a; MATIAS et al, 2003), and suspended
sediment (LEATHERMAN, 1976a), although data from the old-
er studies are generally unavailable in detail.

Two excellent data sets are those from the combined 11
November 1991 and 4 January 1992 storms at Ocean City,
Maryland, assembled by Kraus and Wisk (1993) and Lar-
SON, WISE, and Kraus (2004), and those from the combined
January and February 1998 storms at northern Assateague
Island, Maryland, assembled by LARsON, WISE, and KRAUS
(2005). Nearshore wave characteristics and water levels at
10-m depth were recorded for both storms, and high-quality
surveys extending sufficiently seaward and landward were
made. The earlier data set shows runup overwash of rela-
tively narrow to high dunes, whereas the later data set shows
inundation overwash of a wide-low barrier island. The only
limitation of these two data sets is the time interval between
surveys. Although the surveys closely bracket the two storms,
beach face recovery and eolian transport may have occurred
during the period between the storms. LARSON, WISE, and

KraUs (2005) modeled all erosive wave conditions within the
entire 2-month interval between the pre- and poststorm pro-
file surveys of 1992 (and the same for the 1998 storm surveys)
to model the cumulative response of the barrier island. The
data of the 1998 storms and how the information was col-
lected are summarized in RAMSEY et al., (1998).

Future Study

Recent renewed interest in overwash indicates that the
modeling of overwash quantities and profile evolution is im-
proving; however, the biggest hurdle at the moment is lack
of field data or large-scale laboratory data. The performance
of field measurement equipment under extreme storm con-
ditions is doubtful, so low-lying sites that overwash on ex-
treme tidal cycles or in minor storms should be sought. Al-
ternatively, the large-scale model tests of shingle beaches by
BRADBURY and POWELL (1992) appear to have been success-
ful, and similar physical model tests might be conducted with
experiment design based on reference to measurements made
on a barrier island such as Assateague Island.

Processes identified in this review that have yet to be quan-
titatively studied or validated with accurate measurements
are:

1. Sediment transport rates across a barrier island. Mea-
surements are lacking and might best be obtained in a
large-scale physical model. Laboratory measurements
should include both monochromatic and random wave
forcing for examination of the detailed processes.
Hydrodynamics across a barrier island.
Lateral spreading on the back beach.
Threshold between runup and inundation overwash.
Threshold between crest accumulation and crest lower-
ing.
Percolation and friction losses.
Swash interaction during overwash.

8. Channelization in the throat (particularly for localized

overwash by inundation).

9. Widening of the throat.

10. Initiation of breaching.

Uk N

Ne

Additionally, for overwash by inundation, the efforts of PIr-
RELLO (1992) to predict wave decay across the beach crest
and shoreward onto the back barrier should be continued.
Such modeling is vital in considering the contribution of
waves to sediment transport during large overwash events.

Future data-collection efforts should include:

1. Water level; nearshore wave height, period and direction;
and wind speed and direction. Ideally, these should be
measured together with offshore wave information to val-
idate predictive models that are typically driven by off-
shore information.

2. Water depth at the crest and, if possible, at other points
on the landward side of the crest.

3. Water velocity on the beach face, at the beach crest, and
at other points on the landward side of the crest.

4. Wave height and period across the profile.
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5. Real-time monitoring of profile change such as the vertical
and horizontal movement of the crest.
6. Lateral spreading of the washover and its thickness.

Many of the previously published beach profile surveys did
not extend to the point of closure on either the sea side or
the bay side. The collection of more complete beach profile
data would greatly contribute to the verification of overwash
models. As remarked by BRADBURY and POWELL (1992), the
chronology of waves becomes significant in studying the
threshold between crest accumulation and crest lowering be-
cause smaller overwashes may accumulate sediment on the
crest preventing further overwash until a large enough wave
occurs to erode the accumulated sediment. The effects of
wave chronology can be documented in a laboratory study of
threshold overwashing conditions.

With the development of modern instrumentation, the
monitoring of overwash has and will become easier. For lab-
oratory studies, digital video imaging can be used to contin-
uously monitor time-development of the beach profile, over-
wash bore velocity, and overwash depth. As demonstrated by
HorLranD, HoLMAN, and SALLENGER (1991), this technique
can, to some extent, be applied in the field. The use of video
during a hurricane is limited by the design of a stable plat-
form and visibility during driving rain, and is likely not avail-
able in darkness. Media footage shown after Hurricane Ivan
varies from good visibility, where the borders between sand
and water are clear and wind waves on an overwash are vis-
ible, to images totally obscured by rain. Careful camera setup
in relation to the expected wind direction during overwash
and with external lighting could reduce these limitations.
Data from such imaging will probably only include overwash
borefront velocities, and estimations of overwash depth.

Modern commercially available acoustic and optical instru-
mentation could be applied to great advantage in measure-
ment of overwash dynamics. Small and robust acoustic cur-
rent meters are now available (KRAUS, LOHRMANN, and Ca-
BRERA, 1994) that can measure velocities through a wide
range of flow speeds while requiring only 5-10 cm of water
depth. Optical backscatter sensors (DOWNING, STERNBERG,
and LISTER, 1981) have been miniaturized to allow high-res-
olution measurements of sediment concentration. Airborne
LIDAR significantly improves the capability to collect wide-
area coastal topography and shallow-water bathymetry data.
Coastal volume change can be quantified by comparing pre-
and poststorm surveys. Vertical accuracy is expected to have
a root mean square value of about +15 ¢cm (SALLENGER et
al., 2004). Such data sets are suitable for verifying beach pro-
file change models, as has been done by LARsON, WISE, and
KRrAUs (2004). Collection of bathymetric data is limited to
nonturbid water and the landward limit of the survey does
not always include the landward limit of overwash penetra-
tion (SALLENGER et al., 2004).

FREEMAN, BERNSTEIN, and MitasovAa (2004) described
modern 3D survey design using real-time kinematic GPS,
and ultra shallow-water single-beam and multibeam sonar
technologies. Instruments were either handheld or mounted
on all-terrain vehicles for land surveys, and mounted on a
wave-runner personal watercraft and boat for bathymetric

surveying. These techniques together with appropriate sur-
vey strategy allow seamless integration between the bathy-
metric and topographic surveys. Such techniques would pro-
vide high-quality pre- and poststorm beach profiles.

CONCLUSIONS

A comprehensive review of the literature on coastal over-
wash and washover was presented. The review covers general
observations of overwash processes, studies from a geological
perspective, physical modeling, field observations including
measurements of washovers and related hydraulics, and nu-
merical modeling capability to predict overwash. A method-
ology was introduced to classify overwash processes by rela-
tive elevations of water level (surge, runup) and the elevation
of the dune or beach crest. Emphasis in the review was on
information that can contribute to development of predictive
analytical procedures and numerical models, either by the
presentation of relative data or by insights into physical pro-
cesses.

Most of the existing attempts to model overwash are lim-
ited to estimation of the net volume of sediment transported
landward of the beach crest. The accuracy of such models
varies from a factor of two, as verified by laboratory experi-
ments (T.E. BaALbock; K. DAY; M.G. HUGHES, and F. WEIR,
unpublished data) to order of magnitude, as verified by field
measurements (LEATHERMAN, 1976a). To date, most of these
models have been verified with only one set of laboratory
data, one set of storm conditions, or at one field site. The
exception is the SBEACH profile change model (LARSON and
Kraus, 1989), which has been validated against multiple
beach profile measurements made at Ocean City, Maryland
(Kraus and WIiskg, 1993; Wis and Kraus, 1993; WISE,
SmiTH, and LARSON, 1996), possessing high dunes, and at
northern Assateague Island, Maryland, a broad flat barrier
island (LArsoN, WISk, and Kraus, 2004, 2005). At the pre-
sent time, the SBEACH model can simulate only overwash
by runup, and extension of SBEACH to model overwash by
inundation is recommended.

One-dimensional models such as SBEACH are valid as de-
sign and decision-support planning tools, but an ultimate
goal should be development of 2-D models that can describe
overwash over variable topography and the 2-D situation of
multiple overwash breakthroughs colliding. Other factors
that should also be incorporated in improved models of ov-
erwash include wind stress, dune topography, percolation,
friction, and coarse sediments. Presently, there exist proce-
dures to predict the longshore occurrence of overwash (WETz-
ELL, HOwD, and SALLENGER, 2003), which can be used to in
emergency management operations for warnings as a storm
approaches.

Calculation methods for overwash volume could be im-
proved by modifying runup and overtopping equations in de-
scribing reduced swash interaction and return flow, and in
combining these equations with sediment transport equa-
tions and verifying against field measurements. Overwash
can occur either by runup or inundation, but both these con-
ditions may occur during one event, as a result of varying
surge levels and tidal control. The location of the threshold
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between these two conditions becomes pivotal, and a compre-
hensive profile change model should deterministically de-
scribe both conditions. Consideration of overwash by inun-
dation and runup and the relative periods over which they
occur leads to distinguishing variations in type of washover
morphology. Prediction of washover morphology type within
profile models by location and storm will require both two-
dimensionality and successful modeling of threshold condi-
tions. Lack of data is the greatest hurdle in model develop-
ment, and field and large-scale laboratory models of over-
wash processes are needed. In particular, beach profile sur-
veys documenting overwash by inundation are difficult to
find, and the collection of such data is essential to the devel-
opment of profile change models, such as SBEACH, for mod-
eling overwash by inundation. Based on review of the pro-
cesses and state of numerical model prediction, recommen-
dations were given for design of field and laboratory data
collection that will aid in developing the next generation of
overwash models.
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