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PUBLIC UAf 89-195-SEPT. 21, 1965 (79 STAT. 

I-rut National 
&*a*hor», Md.-Va. 

Kalabllahiitafit. 

Public Law 89-195 
AN ACT 

To provld* for the eotfllillMhntont of (he AMKntfftgue IHIHIK) National ftea niton* 
In the HttUea of MarytniHl and Virginia, and for other purpoHea. 

He 'd enacted by the Senate and House of Ilenrcxentut'tvex of the 
United State* of America in Congees* assembled, That for the por-
VKKie of protectiftg mid developing Assntcnguc Island in the States 
of Maryland ami Virginia and certain adjacent waters and small 
marsh islands for public, outdoor recreation use and enjoyment, the 
Asaiitcitgtio ISIHIKI National Seashore (hereinafter referred to as the 
'"seashore") shall be established and administered in accordance with 
the provisions of this Act. The seashore shall comprise the area 
within Asnntengue Island and the small marsh islands adjacent 
thereto, together with the adjacent water areas not more than one-half 
mile l>eyond (lie menu high wnterline of the land portions as generally 
depicted on a mauidentified as "Proposed Assateague Island National 
Seashore, Hoin^Jgg M"l>» NS--AI-7100A, Novemlier, 11)01", which 

PREFACE 
PUBLIC I..AV/ 91-578 OCT. 7.1, 1976 

". . . .the Secretary shall develop . . . a com
prehensive plan (or the protection, management, 
and use of the seashore, to include but not be lim
ited to the following considerations: 

"(1) measures for the full protection and man
agement of the natural resources and natural eco
systems of the seashore; 

"(2) present and proposed uses of the sea
shore and the land and waters adjacent or related 
thereto, the uses of which would reasonably be 
expected to influence the administration, use, and 
environmental quality of the seashore; . . . ." 
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INTRODUCTION 

Assateague Island National Sea
shore is one of the most dynamic 
e n v i r o n m e n t s administered by the 
National Park Service. Environmental 
change is the rule, not the exception. 
Dunes are built and blown away, inlets 
are formed and fil led, beaches recede 
and prograde, and sands are trans
ported a c r o s s the i s l and by g rea t 
storms. The veneer of vegetation is 
c o n t i n u a l l y adjusting. These proc
esses have been active since the bar
rier islands first appeared along the 
mid-Atlantic coast some 5,000 years 
ago. 
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GEOLOGY 

Geological 
History 

Many lines of evidence have established that 
sea level has oscillated several times during the 
past half-million years. During the warmer inter-
glacial periods, continental glaciers melted, and 
the shorelines of the ocean basins advanced inland 
across the continental shelves. During the cooler 
glacial periods water was withdrawn from the seas 
and stored In the form of glacial ice, and tho shore
lines retreated seaward. The process involved great 
quantities of sea water - enough to lower the level 
of the sea over -100 feet (122 m). 

The last era of major water withdrawal was 
called the Wisconsin glacial period, which began 
about 35,000 years ago and ended about 12,000 
years ago. As the Wisconsin came to an end, sea 
level was approximately 350 feet (107 m) lower than 
it is today, and the shoreline of Maryland and Vir
ginia was about 100 miles (161 km) eastward of 
Assateague. 

With the change from glacial to interglacial 
some 12,000 years ago the sea started to rise and 
continued to rise about 8000 years. It reached to 
within a few feet of the present level approximately 
4000 years ago. 
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As (he level of the sea rose and the shorezone of 
the Atlantic coast moved across the continental 
shelf, a large mass of sand was moved along with 
the shoreline In the form of a broad beach deposit. 
Additional sediment in the form of deltas and 
terraces In the vicinity of the large river mouths 
were reworked by wave action and moved along 
the coast. 

Once sea level stabilized about 4000 years ago, 
waves, currents, and winds, working together on 
the sand surpluses, formed the barrier islands of 
the Atlantic Coast, stretching from New York to 
Florida. As long as the inshore zone contained a 
surplus of sediment, the barrier Islands built sea
ward until an equilibrium was established. Equi
librium in the case of barrier islands is a function 
of energy, sea level, and the amount of sediment to 
be moved. 

Based upon field evidence and radio carbon 
dates, the period of progradation continued to 
about 2000 years ago. At that time the barrier 
islands were much wider - perhaps as much as a 
mile or so; and although sea level has remained 
fairly stable, a rise of 5 feet (1.5 m) or more has 
occurred since then. 
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Sea Level Change 
Sea level is still undergoing change, and the 

barrier islands are slowly moving towards the main
land. Erosion along the Atlantic coast is a manifes
tation of this adjustment. 

The barrier island adjustment to variations in 
sea level occurs as gradual steps through tides, 
storm waves and storm surge, and short-period, 
sea level fluctuations. 

Variations in the level of the sea from second-
to-second through millennium-to-millennium are of 
primary importance along the highly dynamic At
lantic coast. The summation of these is complex, 
but several are clearly dominant. 

MILLENNIAL TIME SCALE 
• Glacial 
• Eustatic 
• Tectonic 
• Climatologic 
• Oceanographic 

YEARLY TIME SCALE 
• Wind 
• Atmospheric Pressure 
• River Discharge 
• Currents 
• Salinity 
• Temperature 

DAILY TIME SCALE 
• Solar and Lunar Tides 
• Wind Waves 
• Storm Surge 
• Seiche 
• Internal Wave 
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Continuous changes in sea level, 
wave action, storm surge, and sedi
ment supply lead to rapid change in 
barrier island configuration. Inlets may 
be opened and closed, resulting in 
major changes in the topography and 
land distribution. These processes 
vary over an infinite variety of indivi
dual actions; however, there are three 
classes of sand movement that are re
sponsible for most of the changes on 
barrier islands. 
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MOVEMENT ALONG THE SHOREZONE 
Waves approaching the coast at an angle set 

up sand transporting processes along the coast 
termed "longshore currents." The direction and 
strength of the currents depends on wave heights 
and wave directions; however, over the course of 
a year there is usually a net flow of water and sedi
ment in one direction. In the case of Assateague 
Island, this direction is to the south. 

MOVEMENT ACROSS THE SHOREZONE 
During periods of very high waves and tides, 

water levels along the barrier islands may become 
so high that the beach is topped with a penetration 
of water and sediment across the island. This 
process is called overwashing. Beach sediment is 
also transported offshore by surf-zone processes 
where it is deposited or transported by longshore 
currents to other sections of the coast. As illus
trated on the previous page, inlets also provide a 
means for the movement of sediment from the 
beach zone to bayside positions along the barrier 
islands. 

MOVEMENT BY WIND ACTION 
Fine-grain sands on the beach face, sand flats, 

and dunes can be transported across and along 
the islands by strong winds. 
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OCEAN CITY INLET (open since 1933) 

INLET SHALLOWS 
(recurring since 1933) 

SANDY POINT INLET (1920, 1962) 

-NORTH BEACH INLET 
(I700's, 1891 a I87CM) 

—SINEPUXENT INLET 
(recurring from I700's lo 1900s) 

M\ FOX HILL a WINTER 
, , QUARTER INLETS (IBOO's) 

li 
* j StOUGH INLET (1766) 

GREEN RUN INLET 
(recurring I700's 8 I800's) 

-POPE ISLAND INLET 
(1050's a I8 70's) 

Inlets 

-CHINCOTEAGUE INLET 

Inlets form when storm surge and high 
waves drive water across the barrier islands 
to the lower water levels of the sounds. As 
the sea water moves across the island, usu
ally in areas of lower topography, channels 
(inlets) form and may erode to depths that 
permit a reverse flow (sound to sea) at low 
tide. Most inlets are temporary features of 
elevated water levels and may last but a few 
days. During the past two centuries Assa-
teague Island has been breached by at least 
nine major inlets. 

The geological and ecological signifi
cance of inlet formation is considerable. The 
process results in the movement of great 
quantities of saline water and sediment from 
the ocean sides of the islands to the sound 
sides. The water contains nutrients and or
ganisms, and the sediment forms shoals that 
provide new substrates for marsh grasses 
{Spartina spp.). Soon after the inlets close, 
shoal areas become incorporated into the 
island substrate. This is clearly illustrated on 
most aerial photography. Inlet formation and 
closure is, therefore, one of the fundamental 
sediment-transfer processes that move mate
rial from the ocean sides of the barrier islands 
to the fringing sound sides. 

Overwash 
On the sand beaches of barrier islands, 

each wave alters the beach to some degree 
as sand is transported offshore, onshore, and 
in the direction of the prevailing longshore 
currents. In this way, beaches constantly 
adjust to accommodate different wave and 
tide conditions. When the waves are high, 
the active zone of the beach expands both 
landward and seaward. When waves are low, 
the active beach contracts. During hurri
canes and other severe storms, the beach 
undergoes major adjustment to dissipate the 
increased wave energy. If the waves and 
surge are very high, the runup extends into 
zones normally associated with wind-blown 
deposits. This penetration of water and sedi
ment is called overwash. 

The overwash process has geological 
and ecological implications of major sig
nificance. The sediment moved across the 
islands is deposited in areas of low relief or 
within the fringing sounds. Nutrients within 
the new sediment contribute to a more vig
orous vegetation growth. The irregular over-
wash pattern on a natural barrier island 
creates an ecological perimeter length far in 
excess of its shoreline length. This same 
perimeter region in altered barrier-island sys
tems, such as Cape Hatteras with its great 
barrier dunes, is usually a narrow strip along 
the backside of the dunes. 
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Dunes 
All of the mid-Atlantic coast barrier 

islands have dunes of various sizes land
ward of the beaches. Most of the dune sand 
is transported across the beach face, the 
backshore, and then deposited within the 
overwash flats and vegetated zones. 

The wind speed necessary to initiate 
sand movement is in the 10 to 15 mph (16 to 
24 kmph) range, depending on the grain size. 
In areas with wide active beaches and strong 
prevailing winds, large dunes may form; how
ever, most of the dunes on Assaleague Island 
are modest in height and area. 

The movement of sand from the beacli 
faco to the interior of the islands by the wind 
is an important process; in fact, it is the only 
process that can lead to topography higher 
than the highest storm surge water levels. 
However, in recent years man has mistakenly 
concluded that dunes are so important to 
barrier island survival that more are needed. 
This has resulted in major efforts to stabilize 
areas and stop the free movement of sand. 
The stabilized dune systems result in perma
nent land areas within highly dynamic land
scapes. Unfortunately, it is impossible to pre
dict what the environmental consequences 
will be in modifying the natural balance of 
the sediment-transfer process. 

S A N D SHORE 

Shore Zone 

1. Nearshore 
bottom 

2. Foreshore 

3. Backshore 

4. Dunes 

Z O N E S 

Limits 

Mean low 
water to 
offshore 

Mean low 
water to 
high tide 
line 

High tide 
line to 
dunes 

Above 
highest 
tide limit 

(Krumbein & Slock, 1956) 

T ida l Relations 

Nearly always 
submerged 

Alternately 
submerged 
& exposed 

Nearly always 
exposed but 
occasionally 
submerged 
during storms 
or exceptionally 
high water 

Always 
exposed 

Agents 
of Sand 
Movement 

Currents, 
breaking 
waves 

Currents, 
breaking 
waves, 
occasional 
wind action 

Breaking 
waves, 
wind action 

Wind 
action 
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Barrier Island Gross-Section 

In cross-section, Assateague Island is an assemblage 
of sedimentary layers, each made up of particle sizes re
flective of their source and the processes responsible for 
their movement. The overwhelming bulk of the barrier-
island substrate consists of medium grain size quartz sand 
with a small percentage of heavy minerals, shell frag
ments, and, in places, gravels. This is also typical of the 
beach face material which is carried and deposited layer 
by layer by one of two dominant processes, overwash or 
transport by currents flowing through an inlet. Inter-
bedded within the layers of beach material are units of 
well-sorted finer sands and silts that are transported by 
wind or by hydraulic processes. The configuration of the 
island, both In cross-section and plan view, is an integra
tion of the along-the-coast and across-the-coast transport 
of sand. These processes remain active today; thus, geo
logical history of barrier islands is still in the making. 

. . . . medium grain size quartz sand 
with a small percentage of heavy m ine ra l s . . . . 
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COASTAL PROCESSES 

The physical interlace between land and sea is a boundary 
in constant motion. On sand coasts, each variation in the level 
of the sea alters the position of the interface. Beach materials 
are transported offshore, onshore, and in the direction of the 
prevailing longshore currents. In this way, sand coasts con
stantly adjust to accommodate different tide, wave, and current 
conditions. 

In the beach zone, with recent trends in sea level rise, the 
balance between sand export and import has been weighted 
toward the export. Periodic phases of erosion and deposition 

are superimposed on this longer-term trend of a rising sea level, 
which submerges the beach and forces the barrier islands ever 
closer to the mainland. 

This continuing process of wind and waves acting upon the 
barrier islands results in geomorphological responses which can 
be seen and measured over time and space. Measurements of 
process/response relationships allow predictions based on past 
occurrences, which in turn allow for more environmentally sound 
management. Two of the most important variables - wave cl i 
mate and shoreline change - will be discussed in depth in the 
next two chapters. 
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Tropical and Extratropical Storms 

Hurricanes and winter extratropical storms (northeasters) 
of the mid-latitudes have been the principle agents of change 
on the mid-Atlantic Barrier Islands since their formation. Change 
is brought about by the movement of sands from strong wind 
and wave activity. Hurricanes generate extreme storm surges in 
contrast to extratropical storms, which generate small to modest 
surges. 

Both hurricanes and northeasters generate waves by the 
action of winds moving across the surface of the sea. The height 
of the waves produced is a function of the speed of the wind, the 
distance over the water which the wind is blowing (fetch), and 
the duration of wind action on the sea surface. 

Hurricanes are especially destructive at the time of landfall 
on the coast. Elevations of the sea in excess of 20 feet (6.1 m) 
may occur over 50 miles (80 km) of coastline. Records of hurri
cane landfalls go back to the 17th century. Although numerous 

storms have passed nearby, between 1693 and 1970 only three 
hurricanes (winds in excess of 70 mph (113 kmph) have had land
falls on Assateague Island. Comparative studies indicate that 
Assateague and the 100 miles (161 km) of coast to the north are 
less frequently impacted by hurricanes than any other area on 
the U.S. Atlantic coast. Hurricanes occur most commonly in 
early September, but the season begins in early August and runs 
through October. 

Unlike hurricanes, which are spawned over the warm tropi
cal waters of the Caribbean and North Atlantic, extratropical 
storms or winter northeasters develop along the weather fronts 
of the mid-latitudes which separate cold dry polar air from warm 
moist tropical air. Each year between 30 and 40 such storms 
generate significant surge and waves of at least 5 feet (1.5 m). 
The most damaging storm in recent history, the Ash Wednesday 
storm of March, 1962, was an extratropical storm. 
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Tides 
Tides along the mid-Atlantic coast are semidiurnal (12 hours 

and 25 minutes apart) and have an average range of 3 feet (1 m). 
The highest or spring tides occur twice each month when the 
earlh, moon, and sun are aligned and result in an increase in 
tidal range of approximately 20 per cent. Tidal action alone is 
of little significance in terms of sediment transport; however, 
when the lunar tides are coupled with the other processes, such 
as storm surge and high waves, the daily elevation and depres
sion of the water level becoines important. 

HORIZONTAL DISPLACEMENT OF SHORELINE 

DURING DAILY TIDAL CYCLE ( F e e t ) 

T I D E 
RANGE 

% SLOPE OF BEACH (Y/X x IOO) 

io I5 

MEAN (3 ) I50 6 0 3 0 2 0 

MINIMUM (2.7 ) I35 5 4 2 7 18 

MAXIMUM (3 .3 ' ) I65 66 33 22 
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Waves 
The normal deep water wave height immediately offshore 

from Assateague Island averages 3 to 5 feet (1-1.5 m); however, 
the cumulative effect of high tide, spring tide, storm surge, and 
storm waves can produce a resultant deep-water wave of 33 
feet (10 m). It is this kind of wave that overwashes the foredune 
line and floods the backside of the barrier island. Perhaps the 
most severe example of this activity In recent history occurred 
during the Ash Wednesday storm of 1962. 

CUMULATIVE EFFECT OF COASTAL 
PROCESSES ON WATER LEVEL 



ID the region of breaking waves, currents are generated on
shore, offshore and alongshore. The strength of these currents 
is proportional to the height of the incident waves and dependent 
on the direction at which the breaking waves approach the coast. 
The speed of the current is important in that it sets the rate of 
sediment movement (drift) along the coast. The drift is thus 
greatest at times of storm waves, but these times are few in 
number. 

During fair weather conditions at Assateague Island, espe
cially in the summer, there is a slow persistent movement of sand 
to the north in response to prevailing southeast waves. During 
storms, predominantly in the winter months, northeast waves 
prevail, and the longshore current is southward. Thus, on an 
annual basis, a quasf-equilibrium is established between north
ward drift and southward drift, with net movement to the south. 
Any engineering structure placed within the stream of the long
shore currents results In dramatic reactions—one of the best ex
amples of this can be seen by reviewing the history of Ocean 
City Inlet since the jetties were installed in the I930's. The com
bination of a net southerly longshore current and the jetty on the 
north shore of the inlet has created a large triangular beach at 
the south end of Ocean City. Furthermore, the entrapment of the 
sediment by the jetty has hastened the erosion of the northern 
end of Assateague Island. 

OCEAN CITY INLET 
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MOOSE PEAK, Ma. 

HAMPTON BEACH, N.H. 

^RACE POINT, Mass. 

HAUSET, Mass. 

X POINT JUDITH, R.I. 

• STRATFORD POINT, Conn. 

SHORT BEACH, N.Y. 

MONMOUTH BEACH, N .J . 

—- TOMS RIVER, N. J . 

- A T L A N T I C CITY, N. J . 

-OCEAN CITY, Md. 

VIRGINIA BEACH, Va. 

— NAGS HEAD, N .C . 

ATLANTIC, N.C. 

OAK ISLE, N. C. 

SAINT SIMONS IS . , Go 

PONCE DE LEON, Flo 

-HILLSBORO I N L E I , Flo 

SOURCE: U. S. DEPARTMENT OF COMMERCE, NOAA 
ENVIRONMENTAL DATA SERVICE 

Two methods of obtaining historical wave information for Assateague 
Island are through hindcasting and through the Cooperative Surf Observa
tion Program (COSOP) sponsored jointly by the Corps of Engineers and the 
Coast Guard. 

The wave hindcasting method utilizes weather charts, such as those 
shown on this page, to estimate deep-water wave heights produced by indi
vidual storms. The charts provide parameters of storm path, storm duration, 
wind speed and fetch. 

COSOP data, on the other hand, are based on visual estimates of wave 
height, period, direction, and breaker type for breaking waves in the surf 
zone. Observations were made daily at four-hour intervals at 28 locations 
on the U.S. coasts during various periods from 1954 to 1970. Of the several 
locations on the Atlantic coast, the one closest to Assateague was Ocean 
City, Maryland. Wave statistics for Assateague are based on 29,594 obser
vations made at Ocean City from 3 January 1955 to 16 July 1970. 
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Wave Min d cas t i 11 *r a 11 d ('!()SOI * 
On February 26, 1962, an intense high-pressure system moved south and east out of 

the Canadian archipelago. By the 28th, the leading edge of the associated mass of cold, 
dry air had penetrated the Gulf of Mexico. Temperatures were below freezing in central 
Texas. On the boundary between the cold, dry Canadian and the warm, moist tropical 
air over the Gulf of Mexico, a major storm developed. It was first noted 300 miles south of 
New Orleans. 

On March 3, 1962, the storm crossed the peninsula of Florida near Miami and moved 
out over the warm waters of the Gulf Stream. It moved slowly north and east off the South 
Carolina coast during March 4 and 5. On March 6, 7, and 8 the storm grew to proportions 
larger than any other during this century. 

The mid-Atlantic coast was lashed by winds of hurricane proportion and waves-at-
sea were estimated to be between 30 and 40 feet (9 to 12 m). At the coast, storm surge 
reached a height of 8 feet (2.4 m). In addition, spring tides occurred during the storm; 
extreme high sea levels resulted in barrier island overwashing from Fire Island to Cape 
Kennedy. New beach sands were deposited on the islands and several new inlets were 
created. Although the magnitude of this storm was extreme, we have learned that 
smaller storms impact the coast in a similar manner. 



Assatea^ue Storm Data 
Examples of the types of statistics used to describe the 

stoim/wave climate at Assateague are presented in the graphs 
on this and the following page. 

Graph No. 1, Storm Return Interval, represents the frequency 
of occurrence of a storm which produces a given maximum deep 
water wave height. For example, a storm which produces a max
imum wave height of 26 feet (8 m) can be expected to occur 
every 25 years. 

Graph No. 2, Monthly Distribution of Storms, represents the 
average number of storms per month that produce deep water 
waves at least 5 feet (1.5 m) high, based on 12 years of wave 
hindcasting data. It is evident from the graph that the stormiest 
months of the year are in the winter from December to March. 

Summer, as measured by the absence of extratropical storms, 
is less than two months in duration, from July to August. Tropi
cal storms (hurricanes) are not a significant factor in this data. 

Graph No. 3, Wave Height Frequency, represents the per
centage of time during each month that deep water waves of a 
given height occur. The ten-day running means shown on the 
graph are based on 15 years of COSOP data. The information 
content of this graph is similar to that in graph No. 2. However, 
the data in graph No. 3 is based on continuous daily wave-height 
observations in the field, whereas the data in graph No. 2 is 
based on analysis of single discreet storms as depicted on his
torical daily weather maps. Graph No. 3 shows that September 
and October are the months in which wave heights equal to or 
greater than 6 feet (1.8 m) occur the greatest percentage of time. 
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/ OF STORMS PRODUCING 
/ GIVEN DEEP-WATER 

/ WAVE HEIGHTS AT 
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No. 3: OCEAN CITY, MARYLAND-
FREQUENCY OF STORM WAVE HEIGHTS 

Graph No. J, Wave Direction Frequency, represents the 
percent of time that waves approach the coast from given direc
tions, setting up a net southerly or northerly longshore current. 
During the summer months from June to August, southeast 
waves dominate, and northeast waves are at a minimum. During 
the winter months, northeast waves are at a maximum, and south
east waves are at their lowest percent. Except for the month of 
December, southeast waves occur more frequently than north
east waves. Yet the magnitude of the northeast waves, especially 
during the winter months, is so much greater than that of the 
southeast waves, that the net annual longshore sediment drift at 
Assateague is southward. 

Of the 30 to JO storms that impact Assaleague Island each 

year, evidence gathered from 12 to 15 years of records indicates 
that the storms are not randomly distributed through the "winter" 
storm season. The largest storms occur at times when the core 
of the mid-latitude westerlies is shifted far to the south. This 
situation occurs in mid-October during the major seasonal tran
sition from summer to winter, a storm wave climate maximum. 
A second southward shift of the westerlies runs between mid-
February and mid-March. Two of the largest storms on record 
for the mid-Atlantic occurred during this period: 1) the Ash Wed
nesday storm of 1962 (March 6-9), and 2) the Lincoln's Birthday 
storm of 1973 (February 9-13). Recurrent periods of storm ac
tivity run as late as mid-June and begin as early as the first week 
in August. 
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MONITORING 
ISLAND DYNAMICS 

Remote Sensing and 
Sequential Data 

Resource management requires an understanding of how 
barrier islands have responded to storm activity in the past. His
torical patterns in vegetation zonation, and geomorphological 
changes such as shoreline erosion can be projected into the 
future to form a basis for planning. The best source for this 
information is aerial photography. 

Repetitive coverage of the barrier island over time allows 
for analysis of the variation in shoreline response to annual 
changes in the storm climate. Aerial photography for Assateague 
Island extends back to the 1930's. Scales range from greater 
than 1:5,000 to less than 1:500,000. Major sources of low altitude 
(1:20,000) photographs for Assateague are the National Ocean 
Survey (NOAA) in Rockville, Maryland, and the NASA-Wallops 
Flight Center in Virginia. High altitude (1:130,000) photography 
is available through EROS Data Center in Sioux Falls, South 
Dakota. 

NASA satellite imagery for Assateague Island has been 
available since 1972 through EROS Data Center at the following 
scales: 70mm transparencies at 1:3,369,000, and enlarged prints 
at 1:1,000,000, 1:500,000, and 1:250,000. Landsat II passes over 
the same area every eighteen days and produces images in four 
spectral bands - 4,5,6,7 - from the visual to the infrared. Bands 
4,5, and 7 are combined to produce false-color images. Band 7 
is most uselul for detecting land/water interfaces; band 4 is best 
for viewing sedimentation patterns and certain land features; 
band 5 is the single most useful band for general interpretation. 
Due to the relatively low resolution of Landsat (260 to 400 feet, 
80 to 120 meters), it is most useful for viewing regional patterns 
and detecting major changes in coastal configuration. Often an 
image is structured so that a single frame will include Assa
teague Island in its entirety, such as frame No. 2129-15021 ob
tained on 31 May 1975. 
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A useful method for collecting large amounts 
of land-use and land-cover data efficiently and ac
curately is based on an orthogonal grid-address 
system. This is a method for gathering data that 
accurately locates natural and cultural features, or 
any point or area on land, with reference to hori
zontal (x) and vertical (Y) co-ordinates on a rectan
gular (orthogonal) grid. The grid is used in con
junction with any planar projection of the land
scape, such as a vertical aerial photograph, or 
U.S.G.S. topographic map, and is fixed in place with 
reference to selected permanent control points on 
the land. The system allows for computer storage 
and manipulation of data for rapid reference and 
facilitated analysis, and could serve as a valuable 
tool in the Resources Basic Inventory for Assatea-
gue Island. Such a grid-address system has been 
developed to be used with low altitude aerial pho
tography to measure coastal erosion and overwash 
on Assateague. 

Eighteen base maps were drawn from sections 
of the most recent 7.5-minute series U.S.G.S. topo
graphic maps enlarged to a scale of 1:5,000. The 
frame of each base map was oriented with the long 
side parallel to the coastline and positioned over 
the barrier island so that the shoreline and as much 
of the island as possible fit within the frame. One 
long side of each frame, lying entirely over the 
ocean, was the base line from which all measure
ments were made and coincided with the base line 
of the orthogonal grid. 

For each base map, the aerial photographs were 
enlarged until the best possible fit of natural and 
cultural features between photo and base map was 
obtained. The shoreline and storm-surge or over-
wash penetration line (vegetation line) was then 
drawn on an overlay map whose frame coincided 
with that of the base map. This process was re
peated for each historical photograph of the same 
area. All or part of the island was mapped with 
photography dated 6/38, 5/49, 3/55, 10/59, 4 /61 , 
12/62, and 6/74 depending on available coverage. 

The shoreline was defined as the high-water 
mark. The storm-overwash penetration line (vege
tation line) was defined by a smoothed line that 
separated the beach and dune sand or lightly vege
tated sand flats from the relatively contiguous 
stands of dense grass and shrub vegetation. 

The orthogonal grid with transects spaced at 
328-foot (100-meter) intervals along the coast was 
used to record to the nearest 16 feet (5 meters) the 
points at which the shoreline and the vegetation line 
intersected each across-lhe-shore transect. The 
information was then transferred to computer cards. 



A computer program has been written which 
lists the following information for every base map 
(statistics include mean, variance, standard devia
tion, number of transects over which mean is calcu
lated, maximum value, and minimum value). 

1. Location ol vegetation line (VL), shoreline 
(SL), and overwash-penetration distance 
(OP = VL - SL) for each of the 36 transects 
along the coast. 

2. Line-printer graphs ol VL, SL, and OP. 
3. Changes and rates of change in VL, SL, and 

OP between selected dates (erosion and 
accretion statistics). 

4. Line-printer graphs of rates ol change in VL, 
SL, and OP. 

5. Line-printer graphs of the mean -I- one 
standard deviation of rate of change in VL, 
SL, and OP. 

In addition, the following information is pro
vided for sections of the coast of any desired length. 

6. Statistics on OP for each year and statistics 
on changes and rates of change in VL, SL, 
and OP between any two years. 

7. Frequency distributions ol OP for each year 
and of rates ol change of VL, SL, and OP 
between any two years. 

Programs can be written to provide additional 
statistics and graphs as the need arises. 
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Assateague Shoreline Change 
and Orientation 

The change in shoreline at any point (landward or seaward 
migration) can be measured In terms of mean rate of change 
(long-term trend) and standard deviation of rate of change 
(periodic fluctuation). The sum of these two measures is one of 
the best indications of the vulnerability or stability of the shore
line. 

The map and graphs on the following page allow for rapid 
visual assessment of shoreline stability along the entire coast 
of Assateague. Perhaps more important than the absolute mag
nitudes of erosion is the capacity to compare relative magnitudes 
of erosion from point to point and area to area. This information 
is presented at a larger scale on a fold-out map at the end of the 
Atlas. 

The table below presents means and standard deviations of 
shoreline rate of change for selected areas on Assateague 
Island. Note that all areas with the exception of Fishing Point 
are eroding. The mean rate of erosion for the entire eastern ex
posure of the island during the past two decades has been 7.5 
feet (2.3 m) per year. However, as the graphs and table show, 
this rate of change is highly variable over space and time. 

Much of the coastal research currently underway is de
signed to find relationships between processes such as wind 
and wave action, and responses such as change in the land
scape. Preliminary results of some of this research have shown 
that a strong relationship exists between historical erosion rates 
for relatively straight segments of the Assateague shoreline, and 
the azimuthal orientation of those segments (refer to the orien
tation graph on the following page). The relationship is that the 
closer the orientation of a straight segment of the coast is to the 
north/south line, the higher the rale of erosion, expressed in 
terms of the mean and the standard deviation. 

This relationship holds true for Assateague when segments 
of the coast are studied in the mesoscale range - that is, when 
shoreline distances are measured in kilometers. Landsat imag
ery enlarged to 1:250,000 and 1:80,000 is used to define the 
straight coastal segments in terms of length and location of nodal 
points which indicate the Intersection of adjacent segments. 
The relationships can be quantified by correlation analysis. In 
one such case where a Landsat image at 1:250,000 was used to 
define nine straight segments along the Assateague coast, the 
correlation between coastal erosion and orientation was .94. The 
practical significance of this is that statements can be made 
about the relative vulnerability of the various segments of the 
coast. 
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Projected 
Assateague 

Configuration 

One of the most important issues to consider in barrier 
island management is landscape dynamics. With the current 
trend in sea level rise and the frequent impact of storm waves 
and surges, these islands move toward the mainland. The rate 
of movement for Assateague Island over the last four decades 
has averaged more than 7 feet (2 m) per year. On the northern 
end of the island the landward movement of the shoreline has 
been as much as 38 feet (11 m) per year while at other locations 
the shoreline is near equilibrium, or accreting. There is nothing 
to indicate that the natural processes which have been forcing 
Assateague Island toward the mainland for many decades will 
change in the near future. Based upon more than 20 years of 
shoreline change data along the entire island, and up to 40 years 
in some locations, it is possible to forecast what Assateague 
Island may look like in another 25 years, if historical trends 
continue. 

The accompanying graphs show plots of historical and pro
jected shoreline locations for selected sites on Assateague Is
land. The " O " base line on the vertical axis represents the loca
tion of the shoreline in 1974. Historical data points are based on 
real data; future data points are predictive and will become real 
only if the historical mean rates of erosion continue. Thus, the 
graphs give some idea of what to expect in the future. For ex
ample, if the northern 5.8-mile (9.4 km) section of shoreline con
tinues to erode at the mean rate it has for the last 40 years, by the 
year 2000 it will be 630 feet (192 m) closer to the mainland than 
it was in 1974. 

The complex patterns of barrier island dynamics preclude 
simple rule-of-thumb management guidelines. Charts and maps 
of vulnerability due to extreme storms, the persistent rise in sea 
level, and projections of island conditions into the future are 
among the most essential information needs. These data should 
be continuously updated through a systematic monitoring pro
gram that includes both remote sensing and field work. Only 
through this method can changes In nature's long-term trends 
in environmental dynamics be identified, and appropriate man
agement decisions be implemented. 
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BARRIER ISLAND 
MANAGEMENT 

Spatial and Temporal Variation 
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AGENTS OF CHANGE 

• Sea Level Rise 

• Waves and Storm Surge 

• Wind 

• Tectonics 

EPHEMERAL FEATURES 

• Shoreline and Beach Face 

• Dune Fields 

• Vegetated Sand Fiats 

• Shrub and Woodlands 

• Marshes 

Rapid landscape changes are the rule, not the 
exception, on barrier islands. The most important 
agents of change are lew and can be measured in 
magnitude and frequency of occurrence. The ephe
meral features of the landscape which undergo 
change can be classified and quantified. The time 
scales for change vary greatly and range from mo
ment-to-moment as evidenced by sand movement 
caused by wind and wave activity, to century-to-
century, as evidenced by changes in sea level. 

Barrier island processes can be viewed in 
terms of three states of change: 

STEADY STATE: The daily, seasonal, 
annual, or liletime cycles of organisms, 
environments, and processes which 
tend to drive natural systems toward 
an equilibrium or Steady State; 
TREND STATE: Systematic changes 
that occur gradually over long periods 
ol time, such as vegetation succession, 
dune migration, or sea level rise; 
EDDY STATE: The episodic, appar
ently erratic changes associated with 
extreme events such as storms, that 
may temporarily or permanently alter 
the Steady State or Trend State. 

, Prudent land use and management of a barrier 
island requires an understanding of these proc
esses of change. Management decisions affecting 
one area also affect adjacent areas, and costs of 
area modification extend well beyond the area to 
be modified. 



Episodic -Trend 
Model of Dynamics 

Viewed from the perspective of 
averages in space and time, the bar
rier island landscape is a complex 
patchwork of rapidly and slowly chang
ing elements. Spatial variations in 
these rates of change, organized along 
the coast, may be measured at the 
scale of hundreds-of-feet (meters) or 
more. Temporal variations across the 
barrier island are scaled in tens-of-
feet (meters) or less. 

Seashore master plans should 
recognize these scales of variation in 
general and their geography in parti
cular. Management decisions should 
reflect an understanding of both the 
long-term trends In the agents of 
change and movement of ephemeral 
features, and the short term variations 
within these trends. 

The graph on this page is a con
ceptual model of how the shoreline at 
any given point or area might respond 
to natural processes over time. Usually 
the shoreline will be in a location that 
conforms closely to a long-term trend 
of erosion or accretion. However, oc
casionally the shoreline will be found 
much fartfier landward than normal 
due to an episodic extreme event such 
as an extralropical storm (northeast
er), or a tropical storm (hurricane). 
Seldom, if ever, will an event occur 
that causes the shoreline to suddenly 
migrate seaward beyond the general 
locus of the long-term trend. 
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Consequences of 
Management Decisions 

Alteration of the natural sediment transfer processes of bar
rier islands in an effort to provide a more stable landscape has a 
profound effect on the geological and ecological processes. 

• By inhibiting overwash and concentrating wind blown 
sands in the form ot artificially created dunes, man alters over-
wash channels, changes vegetation communities, and interferes 
with landward migration of the islands. 

• By inhibiting longshore currents through groin construc
tion, the shoreline on one side of the groin artificially accretes, 
while tliat on the other side erodes. 

• By constructing roads, parking lots, and campgrounds, 
sediment processes are altered, Iresl) water runoll is changed, 
different types ol plant communities develop, and animal Itabi-
tats are altered. 

The history of the management of the Cape Hatteras Na
tional Seashore is replete with examples of large scale environ
mental modifications, such as dune stabilization and beach 
nourishment. Most of these efforts have proven to be of tempo
rary value. The system that must be managed is organized on a 
regional scale, and the information needed to design a proper 
management approach is likewise regional in nature. 
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Vegetation Response l o 
Dline Construction 

Barrier-island vegetalion is adapted to environmental ex
tremes. The complex structure of the physical environment 
gives rise to a wide variety of plant associations. In his work on 
vegetation changes associated with barrier-dune construction 
on Ocracoke Island, North Carolina, Michael Schroeder, of the 
University of Virginia National Park Service research team, found 
that important changes in vegetation communties occurred fol
lowing the construction and stabilization of large barrier dunes 
in the 1950's. The high dunes greatly modified the other physical 
determinants of the vegetation system, altered the plant habitats, 
and reordered the distribution of plant communities across the 
island. 

Schroeder used low-altitude aerial photography dated 1958, 
1962, 1968, and 1974 to measure changes at three sites in five 
easily recognizable, dominant vegetation patterns: (1) bare 
sand; (2) coastal prairie, including grassy dunes, lightly vege
tated dry sand flats, and small areas of fresh marsh; (3) woody 
vegetation, corresponding to all forest, thicket and shrub vege
talion; (4) cord-grass and rush-dominated communities, corre

sponding to moist, densely vegetated grassy 
sand flats and most portions of the creek 
marsh and high salt marsh; and (5) the low 
salt marsh consisting of Spartina alternillura 
and rushes. At all three sites, Schroeder 
found increases from 1958 to 1974 in prairie 
and woody vegetation, and decreases In bare 
sand. Marsh vegetation increased at one site 
and decreased at the other two sites. 

It was clear that alteration of the physical environment by 
constructing barrier dunes had significantly changed the vege
tation of the island. By reducing salt-spray exposure, sand move
ment, and overwash, the artificial dune had directed and accel
erated successional trends of vegetalion. 

In the dynamic barrier island ecosystem, succession does 
not follow a definite pathway, but is subject to frequent reverses. 
The stabilized dunes essentially transformed the reversible sys
tem into an irreversible system pointing in one direction toward 
the woody end of the vegetation community. 

Woody communities, not being resistant to sail spray and 
overwash, are vulnerable to extreme storms; but grasses are 
able to adapt. By creating and stabilizing barrier dunes, man 
has developed a vegetation system which will suffer extreme 
disruption when the dunes are destroyed or breached. 

Schroeder is also studying vegetation succession on Assa-
teague Island. He has found increases in woody vegetation in 
all of his study sites, especially those that have been stabilized 
by barrier dunes after the March, 1962 storm. 

SUCCESSIONAL STAGES OF COASTAL VEGETATION 
(Adopted from S. Au) 
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Vulnerability Matrix 

VULNERABILITY- • MAtftlX«SK&N"G'Efit*8 
LiV-iEnlrieBLWoUld'r^Pr^^erilL-^ 
that would, have moderafe 'irripaci OB vulnerable '' feafure ; withih.'. lhe 
given a r e a , " . . , , < , . «, ' 3 

HIGH IMPACT «: Feature destroyed; recovery 'measured in terlms 
•V ' " ' • e ' > : T :;•;;•" '.I'Vd'f -years ; following man's departure,- v •• '•.,•,•.'•. X 
: MODERATE- IMPACT * Feature- partially destroyed; recovery soon 
•W /•*;;•' -., '-;•:"• LL: - -L following man's departure: -,:';; ' 
LOW. IMPACT - Little or no disturbance to f ea tu re .3 -

Management practices on barrier islands should insure 
preservation of those features and processes that best reflect 
the area's primary natural resources. Use levels should be de
termined by the attributes of the natural system rather than by 
projected visitor demand. 

One approach in determining the tolerance of natural sys
tems to human visitation is through use of a vulnerability matrix. 
The matrix presented here relates estimates of vulnerability of 
various features of the barrier islands to the potential impact of 
man's use measured in visitors per day. The matrix is not filled 
in because each entry requires a significant amount of research, 
which is beyond the scope of the present stage of this Atlas. 
However, the matrix clearly underscores the need for this type 
of information about the natural environment. Some work in this 
area has already been begun by Paul Godfrey and his associates 
on off-road vehicle impact on Cape Cod National Seashore. The 
effect of foot traffic on vegetation is discussed by M. J. Liddle in 
his paper entitled "A Theoretical Relationship Between the 
Primary Productivity of Vegetation and Its Ability to Tolerate 
Trampling." 

Psychological considerations such as the aesthetic appeal 
of Assateague Island should also be considered In the matrix. 
For example, the effect of overcrowding can be detrimental to 
the "island experience" even though the landscape might be 
physically able to accommodate large numbers of people. 

Matrix entries could represent the range of visitation (per
sons per day) to a given area that will have moderate impact on 
the particular landscape element in that area. Visitation in ex
cess of the range will have a high impact on the feature, and visi
tation less than the range will have a low impact. 

Natural system capacity should then be compared to pro
jected visitor demand. If the difference exceeds the "flexibil i ty 
factor" determined by environmental scientists, compromise 
must be made. In the case of Assateague, the areas immediately 
accessible to the two points of island entry are, to a degree, 
being "sacr i f iced" to overuse in order to preserve the more 
natural state of the island's interior. 

This matrix concept can be expanded to include a wide 
variety of natural and cultural features on the island. The com
pleted matrix should be combined with a detailed land-cover 
map to produce a carrying capacity map. Such a map would be 
a useful tool for island managers. 

The matrix can be related to natural processes and man's 
alteration of these processes. For example, in a natural setting 
with sparsely vegetated sand flats behind breached foredunes, 
moderate impact to the plant community may be reached with 
100 to 200 visitors per day. If artificial foredunes are created, 
shrub communities will develop. This may prove to be less vul
nerable to visitation and might increase moderate impact to 
1,000 to 2,000 visitors per day. 
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SUMMARY 
We have presented in this Atlas a review of the geomorphological his

tory of bariier Islands - how they were created, how they have undergone 
change, and why they will continue to change. We have presented data on 
the storm climate and shoreline erosion for Assateague Island and have in
dicated how those data might be used to help In the management of the 
National Seashore. Although yve have not attempted to present a manage
ment plan, the information base is typical of the environmental data that 
should be assembled and analyzed prior to the development of a master plan 
or management plan.' 
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GLOSSARY OF TERMS 
Definitions of wotds fn tliis glossary wore collected from various 
sources Including tho 1072 edition of the Glossary of Geology pub
lished by the American Geological Institute. 
ACCRETION: Tho gradual Increase or extension of land or deposi
tion of material by natural forces aiding over a lung period of time. 
Often used In reference to tiro seaward migration of a boach, spit, 
or barrier Island sl.oiolino. 
BARRIER: An elongated offshore ridge or mass usually of sand 
rising above- tho high-tide level, generally extending parallel to, and 
at some distance from, the shore, and built up by tho action of waves 
nnd currents. Examples; barrier boach, barrier Island. 
BARRIER BEACH: A single, narrow, elongated sand ridge rising 
slightly above the- high-tide level and extending generally parallel 
to tho shoio but separated (torn It by a lagoon or marsh; it Is ex
tended by longshore drifting and Is rarely more than several kilom-
dors long. 
BARRIER CHAIN: A series of barrier islands, barrier spits, and 
barrier beaches extending a considerable distance along a coasl. 
BARRIER ISLAND: A long, low, narrow, wave-built sandy Island 
representing a broadened barrier beach that Is sufficiently above 
high fide and parallel to tho shore and that commonly has dunes, 
vegetated zones, nnd swampy terrains extending lagoonward from 
tho beach. Also a long series of banter beaches as a barrier chain. 
BAY: A largo tract ot water that penetrates Into tho land and around 
which the land tonus a broad curve. By Inlernatlonat agreement, u 
bay Is a water body having a baymouth less than 2-1 nautical miles 
wide and an area that Is equal to or greater than tho area of a semi
circle whose diameter I3 equal to tho width ol the baymouth. 
BAYHEAD BEACH: A small crescendo beach formed at the head ot 
n bay try materials eroded (ram adjacent headlands and carried 
to the bayhead try longshore currents or storm waves. 
BEACH: A gently sloping zone, typically with H concave profile, ol 
unconsolidated material that extends to the place where there Is a 
definite change In material or physiographic form (such us a cliff) 
or to the line of permanent vegetation (usually the effective limit 
ol the highest storm waves); a shore of a body of water, formod and 
washed by waves or tides, usually covered by sandy or pebbly ma
terial, and lacking a bare rocky surface. 
BEACH CREST: A temporary ridge or berm marking tho landward 
limit of normal wave activity. 
BEACH NOURISHMENT: Tho replenishment of a beach, either natu
rally (as by lilternl transport) or artificially (as by the deposition of 
dredged materials). 
BEACH RtOGE: A low, essentially continuous mound of beach-and-
duno material (sand, gravel, shingle) heaped up by the action of 
waves and currants on the hack slioro ol a beach boyond (lie present 
limit of storm waves or the reach of ordinary tides and occurring 
singly as one of a series of approximately parallel deposits. The ridges 
are roughly parallel to the shoreline and represent successive posi
tions ot an advancing shoreline. 
DERM: A low, impermanent, nearly horizontal or landward sloping 
beach, shelf, lodge, or narrow terrace on the backshore of a beach, 
termed ot material thrown up nnd deposited by storm waves; it Is 
generally bounded on one side or the other by a beach ridge. 
BIGHT: A long, gradual bend or gentle curve, or slight, crescent-
shaped Indentation, In the shoreline of an open coast or ot a bay; it 
may be larger than a bay, or It may be a segment of a feature smaller 
than a bay. 
BREAKER: A sea-surface wave that has becomo loo sleep so that 
the crest ouliaces the body ot the wave and collapses into a turbulent 
mass on shore or over a reel or rock; a breaking wave. 
CAPE: An extensive, somewhat rounded Irregularity ot land jutting 
out from the coasl into a large body of water, cither as a peninsula 
(Cape Cod) or as a projecting point (Cape Hatleras). 
CHANNEL: Tho hollow bed where a natural body of surface water 
(lows or may flow; a natural passageway or depression ot perceptible 
extent containing continuously or periodically (lowing water or form
ing 11 connecting link between two bodies of water; a watercourse. 
CLAY: A rock or mineral fragment or a dotfltal particle of any com
position smaller than a very fine silt grain, having a diameter loss 
than 1/256 mm. 
CLOSED BAY: A bay Indirectly connected to the sen through a 
narrow pass. 
COASTAL ORIENTATION: The positron of relatively straight lino 
segments ol the coast as measured In degrees of rotational variation 
from a base line such as North/South. 
COASTAL PLAIN: Any lowland area horde-ring a sea or ocean, ex
tending Inland to the nearest elevated land and sloping very gently 
seaward. 
COASTLINE: Commonly, Iho line that forms the boundary between 
the land and tho water, especially tho water of a sen or ocean. A 
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general term to describe the appearance or configuration of the land 
along a coast, especially as viewed from tho sea; it Includes bays 
but crosses narrow Inlets and river mouths. Coastline, a limit tlxed 
in position lor a relatively long lime; shore-lino, a limit constantly mov
ing across the beach. 
COSOP: Cooperative Surf Observation Program sponsored Jointly 
by tho Corps of Engineers and tho Coasl Guard to gather wave data 
on a daily basis at 28 locations on the conterminous U.S. coast from 
1954 to 1970. Visual estimates were made of wave height, period, 
direction, and breaker typo tor breaking waves in the surf zone. 
CUSP: Any of a sories of low, crescent-shaped mounds or ridges 
of beach material built by wave action and separated by smoothly 
curved shallow depressions spaced at more 01 loss regular intervals 
along and generally at right angles to the shoreline and varying In 
length across their seaward-pointing apexes from less than a meter 
lo many kilometers; a beach cusp, a storm cusp, a giant cusp, a 
euspale. 
DELTA: The low, nearly flat, alluvial tract of land deposited ot or 
near the mouth of a river, commonly forming a triangular or fan-
shaped plain of considerable area enctosed nnd crossed by many 
distributaries of the main river, perhaps extending beyond tho gen
eral trend of tho coast and resulting from tho accumulation in a 
wider body of water of sediment supplied by a river In such quan
tities that it is not removed by tides, waves, and currents. Most deltas 
are partly r.uboerlal and partly below water. 
DELTA SHORELINE: A prograding shoreline produced by the ad
vancing ol a della into a lake or sea. 
DISTRIBUTARY: An irregular, divorqent stream flowing away from 
(tie main stream and not returning to it, as in a della or on an alluvial 
plain. 
DUNE: A low mound, ridge, bank, or hill of loose wind blown granu
lar material (generally sand, sometimes volcanic ash), either bare or 
covered with vegetation, capable- ot movement trom place to place, 
but always retaining Us own characteristic shape. 
ECOSYSTEM: A unit of the environment consisting ot living efo-
menls and the (actors which exist In and eltecl It. 
EROSION: Tho mechanical entrainment and transport ol material 
such as sand horn one placo lo another by natural agencies such as 
waves and currents, moving Ice, rainfall, or wind. Often used In ref
erence to the landward migration ol a barrier Island shoreline. 
ESTUARY: 1. The seaward end or the widened tunnel-shaped tidal 
mouth of a river valley where freshwater mixes with and measurably 
dilutes seawater and where tidal ellects are evident (a tidal river), or 
a partially enctosed coastal body of water where the tide meets tho 
current of a stream. ?.. A portion of Hie ocean, as a firth or an arm 
of tire sea, affected by freshwater. 3. A diowned rivor mouth formed 
by the subsidence ol land near the coast or by tho drowning of Hie 
lower portion ot a nonglaciated valley due lo the rise of sea level. 
EXTnATROPICAL STORM: A storm system which develops along 
weather bonis and intensifies in the southern United States. It tracks 
eastward, usually crossing the Atlantic coast south of Cape Hatleras, 
North Carolina, and moves northeastward over tho Atlantic Ocean. 
Also called a "northeaster", this class of storm is most common dur
ing the winter months, and Is capable of causing wide spread dam
age along tho coast. 

FALSE CAPE: A slight, somowhat rounded irregularity of land jutting 
out born (tie coast Into a large body of water where tho trend of tho 
consllino noticeably changes direction or orientation (Rodanthn, NIC ). 
FETCH: Tho area of tho open ocean over which the wind blows, 
thereby creating waves. 
FRESHWATER MARSH: A marsh that depends on nontldal fresh
water as a source rather than salt water. 
GEOMORPHOLOGY: Tho science that treats tho configuration of 
the earth's surface. Geo morphology Includes Iho classification, de
scription, nature, origin, anil development of present landtorms and 
their relationships to underlying structures, and ol tho history ol 
geologic changes as recorded by Ihcso surface features. 
GRAVEL: An unconsolidated, natural accumulation of rounded rock 
fragments resulting from erosion, consisting predominantly of parti
cles larger than sand, having a diameter ranging In size Ironi 2 tp 
75 mm. 
HEAVY MINERAL: Usually, detrital mineral (sediment), having a spo-
cdic gravity higher than a standard (quart?, 3.65). Commonly a minor 
constituent or accessory mineral ol the rock or beach deposit (less 
than 1% in most sands); e.g. magnetite, ilmenltc, zircon, ruble, kya-
nilo, garnet, tourmaline, sphene, apatite, and biolile. 
INLET: A short, narrow waterway running between islands or con
necting a bay. lagoon, or similar body of water with a larger body of 
water, such as a sea or lake; for example, a waterway through a 
coastal obstruction (such as a reel or barrier island) loading to a 
bay or lagoon. 

LAGOON: A shallow stretch of seawater such as a sound, channel, 
bay, or salt-water lake, near or communicating with tho sea and 
partly or completely separated from It by n low, narrow elongated 
strip of land, such as a reef, barrier island, sandbank, or spit; espe
cially tho street of water between an oftshoro coral reef and tho main
land. It often extends roughly parallel to the coast, and it may bo 
stagnant. 
LANDSAT: A satellite-based romoto sensing data retrieval system 
provided for Hie repetotlvo acquisition of high insolation tnullispec-
(rat data of lire Earth's surface on a global basis. The first satellite 
was launched in July, 1972 and was originally designated EIHS 
(Earth Resources Technology Satellite). 
LITTORAL CURRENT: A shallow-water current caused hy waves ap
proaching and breaking at an angle- to tho coast. It flows parallel to 
tho shore. 
LONGSHORE BAR: A low, elongated sand ridge, built chiefly by 
wave-action, occurring at some distance from, and extending gen
erally parallel to, tho shoiotino, being submerged at least by high 
tides and lypically separated from Iho beach by an Intervening trough. 
LONGSHORE CURRENT: Littoral current. 
MESOSCALE: In Iho earth sciences, dimensions measured in kil
ometers and tens ot kilometers. 
MOUTH: Tho place of discharge of a body of water Into a larger 
body of water as where a tributaiy enters the main stream or whero 
a river enters a sea or lake. 
MUD: A slimy and sticky or stippeiy mixture of water and finely 
divided particles (silt and/or clay) of solid or earthy material. 
MUDFLAT COASTLINE: A mudllat formed along an open coasl; a 
relatively flat foreshore composed of lino silt. 
NEAP TIDE: A lido occurring at Iho first and third quarters of Iho 
moon when tho gravitational pull of tho sun opposes (or is at right 
angles to) that ol the moon. This results in a reduced tide range of 
about 20%. 
OPEN BAY: An Indentation between two capes or headlands, so 
broad and open that waves coming directly Into It are nearly as high 
near its center as on adjacent parts ol the open sen; a bight. 
OPEN-COAST MARSH: A salt marsh termed along an open coast 
(I.e., a coasl exposed to tho full action of waves and currents). A 
coastal marsh Is defined as a marsh bordering a sea coast, generally 
formed under the protection of a barrier boach or enclosed in tho 
sheltered part of an estuary. 
OVERWASH: A mass of water from waves and storm sutgo that 
runs over Iho berm crest or (ornduna of n beach or barrier island. 
It does not flow directly back lo tho sea. but inundates the sand Mats 
and vegetation behind Iho berm or duno. 
OVERWASH MARK: A narrow, tongue-like ridge- of sand formed by 
overwasli on tho landward side of a berm. 
POCKET BEACH: A small, nnrrow beach formed In an enclosed or 
sheltered place along a coast (such as Q reentrant between locky, 
clilled headlands or a bight on a lee shore), commonly cresconlic 
In plan and concave toward the sea and generally displaying weil-
soilcd sands; a bayhead beach. 
REMOTE SENSING: Tho measurement or acquisition ot information 
of some property of an object or phenomenon, by a recording devico 
that Is not In physical or Intimate contact with the object or phenom
enon under study. The technique employe such devices as the 
camera, losers, infrared and ultraviolet detectors, microwave and 
radio frequency receivers, radar systems, etc. 
SALT MARSH: Flat, poorly drained land that is subject to periodic 
or occasional overflow by sail water, conlalnlng water that Is brackish 
lo strongly saline and usually covered with a thick mat ol grassy 
halophytic plants (e.g. a coaslal marsh periodically flooded by tho 
sea). 
SAND: A rock fragment or dehilal particlo smaller than a granule 
and larger Irian a coarse sift grain, having a diameter in tho range of 
1/16 to 2 mm, boiny somowhat rounded by abrasion in tho courr.o 
of transport. 
SAND BEACH: A straight or gently curving broad bench of sandy 
material formed on Iho mainland and possessing many of the charac
teristics ol a barrier -chain coast except Iho lagoon. 
SAND BEACH WITH noCK HEADLANDS: A narrow beach formed 
In an open bay or bight between rocky clilled headlands, commonly 
broadly crescenlic in plan nnd concave toward tho sea. 
SANDY: Porlaininy to or containing sand or consisting of, abounding 
In, or covered with sand. 
SEDIMENT: Solid fragment:)) material including sand, gravel, sill. 
nnd mud. 
SEICHE: A hoe or standing wavo thai oscillates In lakes, bays, or 
gulls from a lew minutes lo a few hours as a result of seismic or 
atmospheric disturbances. 
SHINGLE: Coarse, loose, well-rounded, and wateiworn detritus or 
alluvial material of various sizes, especially beach gravel composed 
of smooth and spheroidal or Hallooed fragments relatively tree from 
lino material. Strictly, the term refers lo beach pebbles and cobbles 
of roughly the same size; nioro commonly, it includes any beach 
material coarser than ordinary gravel. 



SHINGLE BEACH: A narrow beach, usually (ho llrot lo form on a 
coastline having reslstanl bedrock and cliffs, composed of shingle, 
and commonly having a very steep slope on both its landward and 
seaward sides. 
SHOAL: An elevation, or an area of such elevations, at a cloplh of 
to fathoms or less, composed ol material other than rock or coral. 
II may bo exposed at low water. 
SHOHE MATERIAL: The characteristic or dominant compositional 
substance of the beach. 
SHRUB: A low, usually several-slommed woody plant; a bush. 
SILT: A rock Iragmont or debital particle smaller than very fine sand 
and larger (hart coarso clay, having a diameter In the range of 1/256 
to 1/16 nun. 
SPIT: A small point or low tongue or narrow embankment of land 
commonly consisting of sand or gravel deposited try longshore drift
ing and having one end attached to the mainland and tho other termi
nating In open water, usually tho sea; a finger-Tike extension ol tho 
beach. 
SPRING TIDE: Tho lido occurring twice each month at or near tho 
limes ot now moon {conjunction) and full moon (opposition) when 
tho gravitational pull of tho sun reinforces (or acts in the- same di
rection as) that of tho moon. The Increase In tide range Is about 20%. 
SPUR: A subordinate ridgo or lessor elovatlon that projocts sharply 
at right angles lo, or In a lateral direction from, the crest or sido of a 
iiiif, mountain, or other high land surface; n subordinato ridgo pro
jecting outward from a larger submarine feature or elevation. 
STORM SURGE: An abnormal, sudden rise of sea level along an open 
coast during a storm, caused primarily try strong onshore winds, or 
less frequently, try atmospheric pressure reduction. 
SUBMARINE OAR: A longshore bar that Is always submerged, or 
never exposed above Ihe water level oven by low tides. 
SWAMP: A water-saturated area, Intermittently or permanently cov
ered with wafer, having shrub- and tree type vegetation. 
SWASH ZONE: The sloping part of ttio beach that Is alternately cov
ered and uncovered try Iho uprush of waves and where longshore 
movement of water occurs In a zigzag (upslope, downslopo) manner. 
TERRACE: A narrow, gently sloping, constructional coastal land form 
thai extends seaward or lakeward, and Is usually veneered by a sodi-
merilary deposit. Loosely, a wave-cut platform that has been ex
posed try uplift along a soacoast or by the lowering of tho sea level, 
and measuring as tittlo as 10 foot (3 in) to rnoro than 130 leol (TO m) 
above mean sou level. 

TIDAL CHANNEL: A major channel followed by tho tidal currents, 
extending from offshore well into a tidal marsh or tidal flat. 
TIDAL DELTA: A delta formed ol tho mouth of a tidal Inlet on both 
tho seaward and lagoon sides ol a barrier Island or baymoulh. It 
varies by changing tidal curronls that sweep sand in and out of tho 
Inlet. 
TIDAL FLAT: An extensive, nearly horizontal, marshy or barren tract 
of land thai Is alternately covered and uncovered by tho rlso and fall 
of Iho tide and consisting of unconsolidated sediment (mostly mud 
and sand). It may lorm the top surface of a deltaic deposit. Includes 
sand flat and mudflat. 
TIDAL MARSH: A low, flat marsh bordering a coast (as In a shallow 
lagoon or n sheltered boy), lormod of mud and of resistant mats of 
roots of salt -tolerant plants, and regularly Inundated during high tides. 
TOPOGRAPHIC FORM: A landform considered without regard to Its 
origin, cause, or history. A landform la dellnod as any physically 
recognizable form or feature ol Iho Earth's surface, having a charac
teristic shapo and produced by natural causes; It Includes major 
forms such as a plain, plateau or mountain, and minor forma such a3 
a hill, valley, slope, eskor or dune. 
TRANSECT: A sample area chosen as the basis for studying tho 
characteristics of n particular assemblage of organisms or land forms. 
As used In tho Orthogonal Grid Address System described In this 
Atlas, a Transect is a lino of measurements extending across tho 
barrier island and perpendicular to tho coast. 
TROPICAL STORM: A storm system which is usually spawned over 
Ihe warm tropical waters of tho Caribbean and moves northward with 
landfall along ihe Gulf or Atlantic coasts of Ihe United Stales, or 
which moves to the east of tho United States with no landfall. Also 
called a hurricane, this class of storm causes tho grealost damage In 
Ihe Immediate locality ot landfall, and Is most common in late sum
mer and early fall. 
TROUGH: Any long and narrow depression in the Earth's surface, 
such as one between hills or wllh no surface outlet for drainage; 
especially a broad, elongated, U shaped valley such as a glacial 
trough or a trench. 
TRUNCATED SPUR: A spur that formerly projected Into a preglacial 
valley and that was partially worn away or leveled by a moving gla
cier that widened and straightened the valley. 
WAVE IUNDCASTING: The calculation ol ocean-wave characteristics 
that probably occurred for some past situation at a given time and 
place, based on historic weather charts. Tho data used in forecasting 
Includes direction, velocity, and duration of winds. 
WETLAND: lowlands covered with shallow and sometimes tempo
rary or Intermittent waters. 
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