
Barrier Island Beach/Berm

Note perched berm with 
organic storm debris 
(“wrack” line) – the organic 
nucleus of a potential future 
dune 



Beach Berms and Wrack-line Deposition
•  Shallow water waves expend their energy as turbulence upon breaking
•  Coarser sand & shells “stranded” on upper beach (backshore) after storms  
•  Organic debris (wrack) marks last storm tides; wrack can initiate future 

dunes – so don’t rake the beach!

Higher-energy 2009 Nor’easter cuts AI 
beach profile, leaving only denser (black, 
heavy-mineral) sand



Beach/berm Dunes Barrier flat Salt marsh/tidal flat

•  The vegetated “Backbone” of the BI; begins upon organic (wrack) nucleus
•  Built by fair-weather winds off beach; height/slope a function of grain size, 

wind speed, sediment supply, vegetation
•  Serves as dependable “Savings Account” for sand, re-supplies beach
•  Vegetation (American beach grass Ammophila) is essential: these are not 

mobile, desert-type dunes (although they will move fast if vegetation is 
disrupted, eaten, trampled, washed-out)

•  Occasional storm overwash (due to hurricanes, Nor’easters) may breach 
and beat back the dune – and storms are getting more intense, lingering 
longer, and perched on higher seas (about 1 foot higher since 1900)



Barrier Island Foredune

Interdune overwash with  
coarse marine shells

Dune grasses build and stabilize 
the otherwise mobile sand pile



Storm overwash may breach the island, and 
form new tidal inlets

FTD (emergent)

ETS (submergent)

Bay

Ocean

Mainland- protected

FTDs begin as storm overwash 
fans, which cut a path thru island

FTDs store enormous amounts of sand on leeward side



Current Park Service Response to Overwash 

“Before” (March 2013) 

“After” (March 2016) 

A 

A 

B 
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Learning to live with the 
reality of rapid sea-level 
rise and island back-
stepping (retrogradation)

Learning to “Let Go”



Generalized Storm Tracks
Map of the central Mid-Atlantic Bight showing the mean track 
of low-pressure systems that can produce northeast winds 
and oceanic storm waves along the Delmarva coast.

R. A. Davis, ed., 1994; 
Geology of Holocene 
barrier island systems

Low-pressure zones (tropical and extra-tropical) create a “hill” of wind-
whipped, elevated water that inundates the coast (storm surge).



Maximum Breaker Height (~ 0.78 X D)

Maximum wave height is increased by strong winds and deeper water 
(as exists during storm surge). Deeper water allows waves to propagate 
further into the dune line. So… hollowed-out beach-profiles allow a more 
“open” energy-window for higher waves to pummel the coast farther inland 
and with greater erosive power (E is a function of H2).

The Dune Book (Sea Grant, 2003)

Chapter 2Chapter 2:
How the Beach Works 

To understand the dunes, you must first understand
how the beach works. 

Ocean waves dominate the beach. Waves absorb 
energy from the wind. Stronger winds and larger storms
create larger waves. That energy is transmitted across the
water surface by the waves to the coast where the waves
break, unleashing that energy on the beach. Wave forces
are very misleading. Most people avoid hurricane winds 
of 120 miles per hour. Yet the force of a single 2-foot 
wave breaking on a solid, vertical wall is at least three
times more powerful than the winds of a major hurricane.
Fortunately, our relatively thin bodies let the forces go
around us, allowing people to play in the surf.

The most important protective feature of the beach
and dune system is the submerged offshore slope. As a
wave moves into shallower water, friction-like factors 
internally affect the wave form, slowing the base of the
wave but having less effect on the crest or top of the 
wave. The decreasing depth causes the wave to increase 
in height, slow in speed and become much steeper. At 
some point, the crest of the wave is moving too fast for 
the bottom of the wave form to keep up. Then the wave
becomes unstable and breaks, dissipating part of its energy
before reforming into a smaller wave. 

This depth-induced breaking is a relatively predictable
wave phenomenon that can be measured on any beach or
reproduced in the laboratory wave tank. This description
assumes the wave will break when the water depth is
roughly equal to the wave height. More precisely, the waves
break when the wave height (crest to trough distance) is
about 78 percent of the water depth, as shown in Figure A.

Storm winds blowing across large ocean areas can
generate very large waves. Waves taller than 40 feet 
have been measured in deep water off the North Carolina
coast during passing hurricanes. One of the largest 
waves ever measured was a height of 112 feet during 
a Pacific typhoon. 

Just one of these large waves would be devastating
for houses and other development near the coast.
Fortunately, our relatively flat continental shelf provides
protection from the largest waves. A 40-foot wave will
break in roughly 40 feet of water several miles offshore,
even in the middle of a hurricane. This breaking effect will
occur repeatedly as the wave approaches the beach. By the
time the waves get to buildings on the shoreline, they are
usually smaller than 6 feet, even in a hurricane. Therefore,
the offshore slope protects the beach and any coastal devel-
opment from the largest waves. 

A good place to observe wave effects is on a fishing
pier (Photo 1). During a small storm, the seaward end 
of the pier may get 6- to 10-foot waves. To estimate the
wave height, look at the pier pilings, following the waves to
the beach where you can see them break once or twice
before finally running up the beach face. At low tide, the
last wave break may only be a foot or two in height. 

Photo 1: Wave height is easiest to observe on fishing piers.

Figure A: Maximum wave height is controlled by water depth. Shallow water causes the wave to break.

3

0.78 x d = wave height water level

water depth (d)

Water Depth Controls Wave Height

The future? Sea level rise results in a net erosion of the beach by 
allowing storm waves to strike ever farther inland and with greater 
power, and by decreasing the ability of calmer waves to rebuild the 
beach afterwards.  (Bruun, 1962). 



Historic 1962 Ash Wednesday (“Five-high”) Storm: 
Oceanic Breach & New Inlet Formation on AI

“Shifting Sands” Ch. 12; Krantz, et. al (2009)

Although hurricanes (like Sept.1933) are more 
severe, they are less frequent than Nor’easters 
(like in Mar.1962) and pass more quickly
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nearly 7.5 m (25 ft).32 However, as waves 
approach shore and move into shallower 
water, friction with the bottom releases 
energy and reduces wave height. The 
beach at Ocean City is hit with waves 
above 3.5 m (11.5 ft) height about once 
every 10 years, and extreme waves greater 
than 4.5 m (15 ft) once every 50 years.47

The two storms with the greatest 
impact on the Maryland coast during 
the 20th century were a hurricane in 
1933 and a nor’easter in 1962. The slow-
moving Ash Wednesday nor’easter, as it is 
known, pounded the entire Mid-Atlantic 
coast from March 6–8, 1962. This storm 
coincided with an extra-high spring tide, 
produced a storm surge of 2.7 m (9 ft) 
above mean low water, and lasted through 
five successive high tides. Sustained gale-
force winds of 72 km (45 mi) per hour 
with gusts of 105 km (65 mi) per hour were 
reported by the Coast Guard Station in 
Ocean City. This single storm extensively 
damaged coastal communities from Long 
Island, New York, through Virginia, and 
completely reshaped the barrier islands of 
the Delmarva coast.45

Almost every property in Ocean City 
suffered some type of damage, from 
accumulation of sand and debris to 
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April 28, 1962. Visible here is the inlet breaching 
northern Assateague Island that was created by the Ash 
Wednesday nor’easter storm of March 1962.

Range of wave 
height (m)

Range of wave 
height (ft)

Percentage of 
observations 

offshore¹

Percentage of 
observations 
nearshore²

Recurrence 
interval (years) 
for nearshore³

0.0–0.4 0.0–1.3 5.2 31
0.5–1.4 1.5–4.6 69.5 61 1
1.5–2.4 4.9–7.9 20.0 7.1 2
2.5–3.4 8.2–11.2 3.8 0.9 3–7
3.5–4.4 11.4–14.4 1.1 < 0.1 10–25
4.5–5.4 14.7–17.7 0.2 << 0.1 50 or greater
5.5–6.4 17.9–21.0 0.1 —
6.5–7.4 21.2–24.3 0.1 —

total destruction of buildings. Flooding 
occurred from both the ocean and bay 
sides, and the elevated water level allowed 
waves to wash over large sections of 

Annual distribution of wave height, Atlantic coast of Maryland.
1. NOAA data buoy , 30 km (. mi) east of Fenwick Island at the DE–MD state line in  m ( ft) of water, 

period of record –.
. U.S. Army Corps of Engineers wave gauge MD, approximately  km (. mi) off Ocean City, Maryland, in  m 

( ft) of water; period of record –.
. Calculated by U.S. Army Corps of Engineers, refer to http://sandbar.wes.army.mil, station MD002.

Ocean City Inlet

New
inlet

Inlet formed after 1962 storm
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existing wetlands (for more information 
on wetlands, see Chapter 14—Habitats 
of the Coastal Bays and Watershed). 
A flat, low-lying land surface adjacent 
to a mainland-fringing marsh allows 
expansion to maintain the area of the 
marsh as the seaward edge erodes. In 
contrast, a marsh that abuts a steep slope 
to the upland, such as a scarp, can not 
expand landward, and ultimately will be 
destroyed by the rising sea. Even as sea 
level rises, new marsh area may be created 
in protected intertidal areas behind 
forming, prograding spits, and along the 
margins of creeks draining the upland as 
tidal influence migrates upstream.

Existing tidal marshes on back-barrier 
flats, overwash fans, and flood-tidal 
deltas behind the barrier islands are 
gradually buried by new overwash 
deposits. However, as the barrier-island 
system retreats landward with continued 
sea level rise and old marshes are buried, 
new intertidal flats are created and can be 
colonized by marsh grasses.

One potential benefit to the Coastal 
Bays may result from rapid sea level rise. 
If Assateague Island is breached at one 
or more sites to create stable tidal inlets, 
the flushing of the Coastal Bays with 
seawater will increase dramatically. The 
most likely locations for new inlets are the 
low areas of Assateague Island that were 
previous inlets, such as Green Run, Fox 
Hills Level, and Little Level. Engineers are 
likely to fill and close off any breaches that 
might occur on Fenwick Island (Ocean 
City) before a permanent inlet could be 
established.

A new, stable inlet to Chincoteague 
Bay would have profound effects on the 
entire Coastal Bays system, and it probably 
would become more like the lagoons 
behind the Virginia barrier islands. The 
tidal range in the Coastal Bays would 
increase from 12 cm (4.7 in) to 1.2–1.5 m 
(4–5 ft), equivalent to the open ocean. 
Enhanced exchange with the ocean would 
partially alleviate nutrient enrichment 
and invigorate marsh growth both by 

increasing the amount of suspended 
sediment transported to the marsh and by 
flushing marsh soils of toxic, chemically 
reduced compounds, such as hydrogen 
sulfide. The salinity of the Coastal Bays 
would rise, and large areas would become 
intertidal flats.

Coastal systems are dynamic and adapt 
to changing physical conditions. Our 
perception of the effects of sea level rise 
and coastal retreat depends largely upon 
whether the barrier islands are relatively 
natural parks or highly developed resort 
areas. Management of each area will 
differ, but decision-makers need accurate 
predictions of coastal responses with the 
likelihood of increased frequency and 
intensity of coastal storms and accelerated 
sea level rise associated with global 
warming.

 TIDAL INLETS  
& COASTAL ENGINEERING
 Inlets migrate naturally

The creation of the Ocean City Inlet by 
the hurricane of 1933, separating Fenwick 
Island from Assateague Island to the 
south, was not a unique event. Inlets have 
formed, filled in, re-formed, and migrated 
throughout time. Many inlets have existed 
previously along Assateague and Fenwick 
Islands.

This photo, taken in January 1963, shows the inlet 
formed during the 1962 storm. This view is looking 
approximately southwest, with the Ocean City airport 
in the background.
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Persistent storm tides/waves much 
higher/stronger than normal



A Highly Consequential Storm For Assateague! 

USGS Web Source: Morton, et al., 2010 
http://coastal.er.usgs.gov/hurricanes/historical-storms/march1962/

• The March 6-7 1962 Nor’easter was 
comparable in strength to the most 
intense hurricanes of historical record. 
• Powerful extra-tropical storm was a 
slow-moving winter event fueled by a 
combination of several low-pressure 
systems. 
• Ash Wed. storm lasted for several days 
that included as many as five “spring” 
high tides at some locations.
• What made the storm so destructive 
($200 million, 40 dead, > 45,000 homes 
lost in NJ alone) and responsible for 
such widespread coastal impact was its 
prolonged duration and timing. 
• This halted the Assateague Island 
“Ocean Beach” development envisioned 
by Leon Ackerman.

Pile of debris was once “Coronado Motel” at 47th St. in 
OC; in foreground are remains of “Salty Sands Motel”  

Photos: http://www.baltimoresun.com/news/maryland/bal-stormpg-0303,0,3987343.photogallery

Storm tides here reached 9.4 ft > normal!



Remnants of Ackerman's in-progress “Ocean 
Beach” subdivision (c. 1965)

Remnants of Baltimore Boulevard, the intended 
main drag of the ill-fated “OB” development (2012)  

1953 Ad 



Beach/berm

Major barrier island environments
Dunes

Barrier flat Salt marsh/tidal flat

•  Low relief vegetation positioned leeward (behind 
and below) of the protective screen of dunes
•  Sandy; formed by overwash when storm waves 
surge through dunes and deposit sand leeward
•  Protected from sea spray, eventually may be 
colonized by tall freshwater flora 
•  Succession from marsh grasses, to shrub 
thickets, to woodlands, and eventually to fully 
developed “maritime forests” with canopy (if 
dunes big enough)




