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Preface

“. . . it is well that men of science should not always expound their 
work to the few behind a veil of technical language, but should 
from time to time explain to a larger public the reasoning which 
lies behind their mathematical notation. . . .”

Sir George Howard Darwin, son of biologist Sir Charles 
Darwin, from The Tides and Kindred Phenomena in the Solar 
System (1898)

A nationwide program sponsored by the U.S. Army Corps of 
Engineers during the 1970s tested and reported on low-cost measures to 
control coastal erosion. Several trials of selected shore protection works 
were built in Alaska as a part of the Low Cost Shore Protection program. 
Stocks of resulting brochures and booklets were depleted within a few 
years. They were aimed at landowners and others with interest in pre-
venting loss of valuable personal and community property to coastal 
erosion. This 2011 book reaches toward the same group with updated 
and more comprehensive advice on options now available. Responses 
to coastal erosion explored in the pages that follow include choices for 
land development that avoid active erosion and thus reduce the risk of 
later losses. Also included are choices for communities to prevent losses 
to contiguous coastal property and entire reaches of coastline. This 
publication is aimed primarily at property owners and community lead-
ers. Engineers and builders who will design and construct erosion con-
trol projects are referred throughout to pertinent technical literature. 
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Introduction

“. . . A great opportunity now exists for Alaska and its people to 
design for and live with natural processes rather than confront 
them head on.”

Owen Mason in Living with the Coast of Alaska (1997)

Alaska Coastal Development Trends
Native Alaskans lived along the shoreline for thousands of years before 
Alaska’s transition to a society with modern economic pressures. Many 
Alaska coastal communities trace their origins to ancient Native settle-
ments where people seasonally gathered for a subsistence advantage 
unique to the location. Today, marine industries, tourism, personal 
recreation, and a natural desire of Alaskans to live by the sea drive 
coastal developments all around the vast and complex shores of the 
state. Alaska’s population is growing, and growth is bringing pressure 
of visitation and development on beaches and bluffs from Ketchikan to 
Barrow and on to the arctic Canadian border.

A significant fraction of older coastal communities in Alaska grew 
from seasonal subsistence camps that existed in generations past for 
bountiful hunting and fishing by small groups. The twentieth century 
brought a modern standard of living to these beach sites with housing, 
utilities, schools, community buildings, airports, harbors, community 
roads, and other construction. Populations once very small have multi-
plied and community infrastructure has spread in response. Locations 
were not chosen to accommodate substantial community growth or 
to avoid eventual problems with shoreline retreat. Homes and public 
works are now threatened by erosion in Shishmaref, Kivalina, Barrow, 
Wainwright, Point Hope, Dillingham, and many other honored Alaska 
hometowns. These most intensely troubled coastal communities have 
histories of well-meaning, but sadly failed, erosion control projects. 
Threats of erosion have become so severe in some cases that complete 
village relocations are now planned, at staggering expense. 

The largest coastal resident concentrations and most rapid popula-
tion growth are in southcentral Alaska, surrounding the commercial 
and transportation hub at Anchorage. Statistics published by the Alaska 
Department of Labor and Workforce Development reveal that the 
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Anchorage and Matanuska-Susitna region now holds over 50 percent 
of the state’s population. The adjacent region, composed of the Kenai 
Peninsula and Kodiak Island boroughs and the Valdez-Cordova census 
area, houses another 12 percent. Twenty-year projections predict this 
concentration of population will be maintained with over a half million 
people living on or within easy reach of Cook Inlet and the northern 
Gulf of Alaska shorelines. This same coast is sought by tourists arriving 
on cruise ships in coastal towns and by air at Anchorage. The economi-
cally important visitors see shoreline vistas from trains, buses, rental 
cars, motor homes, charter planes, air taxis, excursion boats, bike trails, 
and hiking paths. Coastal towns hold festivals and strive by a variety of 
means to draw ever-greater numbers of tourists to contribute to their 
local economies. 

Similar pressures from tourism exist in southeastern Alaska, where 
another 12 percent of Alaskans live and work. This region also has 
coastal development related to commercial fishing, timber, and other 
resource export industries. Southwestern Alaska, with about 6 percent 
of the population, enjoys some tourism, but its coast is most signifi-
cantly affected by the commercial fishing industry. While Alaska’s north-
ern region holds only 4 percent of the state’s population, it includes the 
erosion-affected Native Alaska coastal communities mentioned above 
and valuable oil and gas developments along the Beaufort and Chukchi 
sea coasts. All coastal regions of Alaska are accumulating issues, con-
cerns, and controversies regarding impacts of shoreline development 
and threats of erosion.

Lessons from Outside
Economic and recreational opportunities of coastal living appeal to 
people everywhere. According to Don Hinrichsen (Coastal Waters of the 
World: Trends, Threats, and Strategies, 1998), over half of the world’s 
population now lives and works within 120 miles (200 kilometers) of the 
seashore. Almost 75 percent of Americans may live near the coast by 
2025. Populations in urbanized coastal zones, such as from Washington, 
D.C., to Boston, already exceed 2,500 people per square kilometer. 

Clashes with nature in such concentrations of people are inevitable. 
The seashore is particularly vulnerable to disruption of its natural 
cycles by construction of homes, shops, and other works for human 
residency. The tenuous equilibrium of most natural shorelines cannot 
abide the impacts of humans without change. Once disrupted, nature 
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forces a new equilibrium that shows no mercy to private, commercial, 
or public investments.

Tracts of undeveloped coastal property available for home building 
are rare in the municipality of Anchorage and are disappearing fast in 
the adjacent Matanuska-Susitna and Kenai Peninsula boroughs. These 
most populous of Alaska’s regional governments are facing pressures 
familiar to their counterparts on the Atlantic and Gulf of Mexico coasts 
of the Lower 48. People want to see the ocean from their living rooms 
and are building homes close enough to the shore to be threatened by 
erosion. A will to constrain this trend grows as one coastal home after 
another reaches the edge of the bluffs lining Cook Inlet. 

Objectives of This Book
This book is written to guide present and prospective coastal property 
owners and local government officials toward good advice on erosion 
response options. Defense of home and property is viewed by many 
as a hallowed right, especially by independent-minded Alaskans. 
Unfortunately, property owners seldom have sufficient personal knowl-
edge of coastal processes and specialized engineering considerations to 
make an informed choice among alternative actions in the face of attack 
by the sea. Furthermore, most property owners have limited financial 
means to construct shore protection. To realize that the ocean threatens 
their beloved place on the coast and then to see their hard-earned sav-
ings go to build inefficient, ineffective, or worse, even harmful works is 
a nightmare scenario for coastal residents. 

The language of coastal scientists and engineers is introduced in the 
pages that follow, and a glossary of coastal processes and engineer-
ing terms is included. Pros and cons of various erosion responses to 
shore protection designs are summarized, including possible long-term 
effects. Guidance to those contemplating purchase of coastal property 
is also offered in the context of recognizing hazards and assessing risk 
before serious commitment. 

Coastal managers in public service will gain useful insight from 
this publication. Local and regional governments must spread their 
resources and often place heavy burdens of responsibility on those who 
review permit applications to build on the coast. The guidelines offered 
here will help with evaluation of proposed coastal developments from 
a public interest perspective. 
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The Coastal Zone Management Act, first passed in 1972 and since 
amended, was administered by the Alaska Department of Natural 
Resources. The Alaska Coastal Management Program provided com-
munities with a framework to plan wise development (see http://www.
dnr.state.ak.us/acmp/). Representatives, who were elected by Alaskans, 
in 2011 voted to discontinue the Alaska Coastal Zone Management 
Program. Advice presented in this book is consistent with the Coastal 
Zone Management Act and is meant to be useful in public stewardship 
of Alaska’s coastal resources.

A good engineering report will address a variety of alternatives. 
Coastal engineering is a risky business and promises of certain success 
with a single alternative deserve suspicion. Engineers in general prac-
tice should consult with an experienced coastal specialist.1 Nonresident 
coastal experts may place too much weight on successes and failures 
that took place elsewhere, and should be given time and resources to 
thoroughly investigate local conditions. Those who hire engineers must 
ask for appropriate analyses and be able to interpret presented findings. 
Engineers and others reading this book can review basics of coastal pro-
cesses and the pros and cons of erosion response alternatives, before 
they refer to technical guidance that is cited. 

1 The Academy of Coastal, Ocean, Port, and Navigation Engineers (ACOPNE), created in 2010 under 
the auspices of the American Society of Civil Engineers, specifies academic and practical creden-
tials of those awarded a Diploma of Coast Engineering by the Academy. See http://content.asce.org/
acopne/.
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CHAPTER1
Shoreline Processes 

“In every outthrust headland, in every curving beach, in every 
grain of sand there is the story of the earth.”

—Rachel Carlson, oceanographer

Wind and Waves
Coastal erosion is almost always caused by the turbulence of waves 
breaking in shallow water by the shore. This is true for Alaska shores, 
and coasts around the world. Beach sediment grains are put in motion 
within the surf zone and moved offshore, onshore, or along the shore 
(longshore) left or right down the coast. Water levels affect the location 
of the surf zone. Extreme high water conditions, caused by tides, storm 
surge, or combinations of the two, inundate coastal land normally above 
the reach of wave-induced sediment transport. Coastal currents, includ-
ing tidal and wind-driven currents, affect wave behavior, and waves are 
the dominant force for coastal change. 

Waves are generated by wind blowing across the sea surface, often 
far out to sea. Factors that control wave characteristics include average 
wind speed, the duration of wind at a given speed, and fetch, or the 
open-water distance over which the wind blows. Faster winds generate 
higher waves. The process takes some time; therefore hours may go by 
before waves reach a maximum height in steady wind conditions. Bays, 
fjords, and sounds have limited fetches that constrain wave growth. 

Since waves usually follow the direction of the generating wind, wind 
direction with respect to the coast is an important factor regarding 
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the result by ten. Waves of shorter wavelength have periods of a few 
seconds. Longer waves or swells have periods of ten seconds or more.

Waves generated in deep water have characteristics that change as 
they reach shallow water. Waves approaching the shore become slower 
and their wavelengths decrease as depths diminish to less than half the 
deepwater wavelength. Transformation of wave characteristics from 
deep to shallow water is called shoaling. A depth is eventually reached 
that is too shallow for the waveform to remain stable and the crest cas-
cades forward either as foam (spilling breaker, Figure 1-3) or as a tube 
(plunging breaker). The form of the breaking wave is affected by the 
wave height and period and by the slope of the beach. 

Waves after breaking still have energy and push up the slope of a 
beach or structure to a height known as runup. Wave runup is a vertical 
distance above the Still Water Level that defines the highest and maxi-
mum shoreward contact of a wave.

Specialists predict wave generation and transformation using 
equations or, more precisely, numerical models. Figure 1-4 illustrates 
numerically simulated wave refraction. Refraction occurs when waves 
approach the shore at an angle, and differential slowing along a wave 
crest causes the wave to bend in to be more parallel to the shoreline. 
Wave-induced longshore sediment transport occurs in the direction at 

Crest

Trough
d

H

L

SWL

Figure 1-2. Sketch of wave parameters including wavelength (L), wave 
height (H), and water depth (d) of the Still Water Level 
(SWL). The horizontal arrow shows the direction of wave 
propagation past a hypothetical piling (brown vertical bar). 
The time for two successive crests to pass is the wave 
period.
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Figure 1-4. Numerical model results showing wave refraction at 
Nikiski, Alaska. Red lines and shades of blue show contours 
of decreasing depth shoreward. Small black arrows (wave 
rays) indicate directions wave crests are traveling from 
deeper water at left to shallow water at right, showing 
how refraction bends waves to travel almost straight in to 
shore. Large white arrows are superimposed to highlight 
trends.

Seawall

Rigtenders
dock

Figure 1-3. Spilling breakers near Kivalina, Alaska, July 2010. Orson 
Smith photo.
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which refracted waves approach the shore, since a bit of longshore wave 
direction remains at the point of breaking. 

Wave energy spreads into the shadow zone behind an impermeable 
barrier by a process called diffraction. Diffraction allows some wave 
energy to wrap around into the lee or shadow zone behind a barrier 
(Figure 1-5). Vertical walls reflect wave energy back toward the sea. 
Reflected waves interact with incoming waves causing a choppy sea 
surface, increased wave height, and extreme turbulence immediately 
seaward of the wall.

Boat and ship wakes closely resemble wind-generated waves, but 
are created in discrete groups. The energy in these wave groups is dis-
persed as the waves travel outward in a direction oblique to the vessel 
course (Figure 1-6). Shorelines along busy waterways with many vessels 
constantly passing each other can experience significant wave energy 
at the shore from boat wakes. Once generated, boat and ship wakes are 
transformed by refraction, shoaling, and diffraction similar to wind-
generated waves.

For more information on wave generation, transformations, and 
breaking, see the Coastal Engineering Manual at http://chl.erdc.usace.
army.mil/, Part II, Chapters 1-5. Useful printed references on ocean 

Figure 1-5. Waves coming in from the bottom of the photo diffract in 
a circular pattern behind a spit at an inlet between two 
Chukchi Sea barrier islands. Orson Smith photo.
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The moon does not orbit the earth in the plane of the equator, which 
results in two unequal high tides and two unequal low tides each day 
in many places along the coasts of the continents (Figure 1-7). The 
Gulf of Alaska coast along southeast and southcentral Alaska and the 
southern Bering Sea coast have relatively high tide ranges with two 
high tides each day, one significantly higher than the other. Likewise, 
this region experiences two low tides each day, one significantly lower 
than the other. The northern Bering, Chukchi, and Beaufort seas have 
relatively small tide ranges. Tide ranges in long estuaries like Cook 
Inlet grow as tidal energy is squeezed by constricting landforms and 
reducing depths.

The long-term average of the lowest of daily low tide level, called 
Mean Lower Low Water (MLLW), is the reference elevation or datum from 
which depths are noted on maps and nautical charts. The long-term 
average of all high tides (maximum daily water levels), called Mean 
High Water (MHW), is the datum above which ground elevations on 
topographic maps are measured. Other datums not based on tides are 
also used for topography, such as NGVD1929 and NAVD1988.

Mean Higher High Water (MHHW), the long-term average of the high-
est of daily high tides, is frequently used by engineers to represent 
high tide water levels. The difference between MHHW and MLLW is 
the diurnal tide range at a given coastal site. Other commonly used 
tidal parameters include Mean Low Water (MLW), the average of low 
tide levels; Mean Tide Level (MTL), the average of MHW and MLW; and 
Mean Sea Level (MSL), the average of hourly tide elevations. Both his-

Table 1-1. Water level statistics relative to Mean Lower Low Water for 
Nome, Alaska. NOAA (http://co-ops.nos.noaa.gov/).

Datum Value Description

Maximum 12.2 ft Highest Water Level 

Max Date 6 October 1992 Date of Highest Water Level

MHHW 1.5 ft Mean Higher High Water

MHW 1.4 ft Mean High Water

MTL 0.8 ft Mean Tide Level

MSL 0.8 ft Mean Sea Level

MLW 0.3 ft Mean Low Water

MLLW 0.0 ft Mean Lower Low Water 

Minimum –2.2 ft Lowest Water Level 

Min Date 7 January 2001 Date of Lowest Water Level
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otherwise beyond direct reach of the sea. Figure 1-8 shows the differ-
ence between predicted tides and measured storm surge water levels 
at Nome, Alaska. 

For more information about storm surge causes and effects, see the 
website of the Federal Emergency Management Agency (FEMA) at http://
www.fema.gov/hazard/hurricane/hu_surge.shtm, the FEMA Coastal 
Construction Manual at http://www.fema.gov/rebuild/mat/fema55.shtm, 
and the Coastal Engineering Manual at http://chl.erdc.usace.army.mil/
Media/1/8/2/CEM_Part-II_Chap-5.pdf. 

Sea Level Rise
Sea level rise is associated with global warming primarily by melting 
of glacier ice and by thermal expansion of ocean water. Much of Alaska 
was covered by glaciers during the last ice age and that land is still ris-
ing in relief from the weight of glacier ice. Southeast and southcentral 
Alaska coasts are rising, and the sea level relative to land will fall in 
these regions for the next century or more. These regions of Alaska are 
seismically active, however, and a single event like the March 1964 Great 
Alaska Earthquake can cause huge areas to almost instantly subside 
or rise more than centuries of sea level rise or glacial rebound (Figure 
1-9). Sea level rise is a greater concern in arctic Alaska, where low-lying 
coastal plains are vulnerable to relatively small changes in sea level and 
may dramatically subside from melting permafrost. 

Figure 1-9. Tree stumps at Lowell Point near Seward, Alaska, indicate 
vertical subsidence of several feet that occcurred in March 
1964 during the Great Alaska Earthquake. Sue Lang photo.
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average rates of longshore and cross-shore transport within the cell. 
Rivers and streams contribute sediment in the littoral zone. Eroding 
bluffs in Alaska contribute sediment. The sediment budget approach 
has been accomplished in most coastal states of the United States, but 
not in Alaska as of 2011.

For more information on littoral cells, coastal sediment budgets, 
and coastal processes see the USGS websites http://pubs.usgs.gov/circ/
c1075/ and http://marine.usgs.gov/. 

Sea Ice
Sea ice at the shore can be an agent of erosion in northern Alaska, but 
more often forms an armor to protect the shore. Offshore ice prevents 
growth of waves. Shorefast ice armors the beach against wave attack. 
A current fear for global warming impacts is that receding ice cover 
will allow more wave growth in arctic seas that will lead to increased 
coastal erosion. Increased wave energy at the coast may result in ero-
sion at some critical locations as new sediment budgets are achieved in 
nature. Other sites may see accretion as sediment arrives in increasing 
rates from nearby rivers or from adjacent eroding shorelines. 

For information on ice forms and classification, see the NOAA 
Observers Guide to Sea Ice at http://response.restoration.noaa.gov/
book_shelf/695_seaice.pdf. 
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CHAPTER2
Alaska Coastal Settings

“To the lover of wilderness, Alaska is one of the most wonderful 
countries in the world. . . .” 

—John Muir, naturalist

Alaska has an estimated 47,300 miles of tidal shoreline, including its 
many thousands of islands and inlets. This is significantly more shore-
line than all contiguous U.S. coastal states combined. The nature of this 
shoreline is extremely varied—from rocky promontories of southeast 
Alaska to broad coastal plains and permafrost shores of the Beaufort 
Sea coast. Mason et al. (1997) describe major geological features and 
coastal trends along the Alaska coast. Features pertinent to erosion 
concerns are discussed in this chapter. 

Coastal settings of Alaska are divided here into three major geo-
graphic regions (Figure 2-1): Gulf of Alaska, Bering Sea (western Alaska), 
and the Arctic. Southeast Alaska and southcentral Alaska both face the 
Gulf of Alaska with similar geological features. Western Alaska south 
of the Bering Strait faces the Bering Sea, and arctic Alaska north of the 
Bering Strait faces the Chukchi and Beaufort seas of the Arctic Ocean. 

Gulf of Alaska Coast
The Gulf of Alaska coast is a broad region with more coastline than 
the entire west coast of the contiguous United States. It includes the 
southeast Alaska panhandle, the northern Gulf of Alaska coast, Prince 
William Sound, Cook Inlet, the Kodiak Island group, the south coast 
of the Alaska Peninsula, and the south coast of the Aleutian Islands. 
All lie along the Pacific Ring of Fire of volcanoes and seismic activity. 
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Figure 2-2. Downtown Seward is located on the alluvial fan of Lowell 
Creek (left center in photo). The outskirts of Seward to 
the north lie on the delta of the Resurrection River, whose 
channel is visible in the upper third of the photo. Provided 
by City of Seward.

Figure 2-3. River delta at the head of Taku Inlet near Juneau, Alaska. 
U.S. Army Corps of Engineers photo, https://eportal.usace.army.
mil/sites/DVL/default.aspx.
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hazards in Alaska is available at the Earthquake Hazards Program web-
site of the U.S. Geological Survey: http://earthquake.usgs.gov/. 

Southeast Alaska
Southeast Alaska is a mountainous region of islands, fjords, and rocky 
promontories (Figure 2-5). The Alaska Coastal Range lines the mainland 
shore (Figure 2-6). The islands of the Alexander Archipelago immedi-
ately to the west are a partially submerged extension of these moun-
tains along the eastern boundary of the Gulf of Alaska. The region has 
a temperate marine climate with cool, rainy summers and winters with 
mixed rain and snow. Aerial views of southeast and southcentral Alaska 
shorelines are available at http://mapping.fakr.noaa.gov/Website/
ShoreZone/viewer.htm.

Southeast Alaska has a sharply irregular shoreline, shaped by gla-
ciers whose receding remnants appear among the higher peaks. Valley 
bottoms and the seafloor are typically covered with unconsolidated 
glacial and marine sediments. The coast near Yakutat has long sandy 
reaches atypical of archipelago shores to the south. The entire south-
east Alaska region is seismically active, with coastal hazards including 
earthquakes, earthquake-induced landslides, snow avalanches, and 
tsunamis. Earthquakes can trigger landslides on steep mountain slopes, 
which in turn can generate tsunamis on impact with coastal waters. 
Tsunamis can also be generated by underwater tectonic displacements 

Figure 2-6. Beartrack Mountain, Glacier Bay National Park, 
northwest of Juneau in southeast Alaska. National Park 
Service photo.
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during earthquakes. Information on tsunamis is available at the website 
of the Pacific Tsunami Warning Center (http://www.prh.noaa.gov/pr/
ptwc/) and at the Tsunami Information website of the National Weather 
Service (http://wcatwc.arh.noaa.gov/events/eventmap.php). 

Southeast Alaska tide ranges vary from 10 to 17 feet and tidal cur-
rents in narrow passages can exceed 5 knots. Though a significant por-
tion of the coast is exposed to the open Gulf of Alaska, most southeast 
Alaska communities have natural shelter and are subject to waves gen-
erated within the confines of archipelago passages. High winds funneled 
through narrow mountainous channels can still generate erosive wave 
energy in relatively short and laterally constrained fetches in fjords 
and between islands.

Since most of the region was covered with ice age glaciers around 
10,000 years ago, recent on the geological time scale, the coastline is 
still moving upward in isostatic rebound. This rise of the land out of 
the sea is happening faster than the sea is rising, so the coast of south-
east Alaska is in little danger of inundation by sea level rise. Figure 2-7 
is based on measurements by the National Oceanic and Atmospheric 
Administration (NOAA) that account for both sea level rise and iso-
static rebound. The trend shows that water levels are steadily falling at 
Juneau. Coastal erosion assessments and designs of coastal works in 
this region should account for both factors affecting long-term water 
levels. More information on climate change impacts in coastal zones of 
the United States is available at the Environmental Protection Agency 
(EPA) Climate Change website (http://www.epa.gov/climatechange/
effects/coastal/) and the Arctic Climate Change Impact Assessment 
website (http://www.acia.uaf.edu/). 

The economy of southeast Alaska has historically relied on the tim-
ber industry and timber is readily available as a construction material 
for shore protection works and other marine facilities. Since bedrock 
is shallow or exposed in many areas, quarried rock is also available. 
Quarry development is intensely scrutinized by regulatory agencies 
and permits to operate commercial quarries are difficult to acquire in 
Alaska. Though exposed rock is all around, approved quarries are not 
at hand for every southeast or southcentral Alaska coastal community. 

Southcentral Alaska
The coast of southcentral Alaska has the highest population and the 
most concentrated development in the state. The area encompasses the 
thinly populated northern coast of the Gulf of Alaska, Prince William 







Responses to Coastal Erosion in Alaska in a Changing Climate 25

Southcentral Alaska shores, except Cook Inlet, resemble shores of 
southeast Alaska with mountainous fjords as the dominant coastal 
form. Most coastal developments are located on isolated deltaic plains, 
alluvial fans, or pocket beaches. Tide ranges vary from about 8 feet 
along the open coast to 30 feet in Knik Arm at Anchorage. The area is 
highly susceptible to earthquakes. Unconsolidated sediments of the 
region, especially on steep slopes, may become unstable during seismic 
events. The region is susceptible to tsunamis that can sweep in from 
the gulf. The coast is rising from isostatic rebound.

PRINCE WILLIAM SOUND

Prince William Sound (Figure 2-9) consists of mountainous islands, 
narrow passages, and steep fjords along the mainland coast, with the 
Wrangell Mountains to the east and the Chugach Mountains to the north 
and west. The entire region was covered with glaciers during the last 
ice age and the remaining tidewater glaciers attract tour ships to the 
sound. The largest towns are Cordova, Valdez, and Whittier. Whittier 
and Valdez are accessible by road, but Cordova can be reached only by 
air and sea. Both Whittier and Valdez were severely damaged by tsu-
namis generated by the March 1964 Great Alaska Earthquake (moment 
magnitude 9.2). Valdez is the site of the terminus and port facility for 
the Trans-Alaska Oil Pipeline (Figure 2-10). Prince William Sound is 
the location of the first extensive implementation of the Alaska Ocean 
Observing System, which provides data from a wide range of useful 
ocean measurements, including information used for evaluation of 
coastal erosion concerns. More information about the Alaska Ocean 
Observing System and its Prince William Sound demonstration project 
is available at http://www.aoos.org/. 

Although protected from the direct onslaught of Gulf of Alaska 
storms, Prince William Sound is large enough to develop waves danger-
ous to vessels and to erode shorelines during periods of high winds. 
Localized extreme high winds can develop through the narrow moun-
tain passes within Prince William Sound and are accelerated through 
narrow sea passages and fjords.

COOK INLET

Cook Inlet is bordered by the western shoreline of the Kenai Peninsula 
and the eastern shoreline of the Alaska mainland north of the Alaska 
Peninsula, extending 175 miles northeastward from the Gulf of Alaska 
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(Figure 2-11). The Cook Inlet region contains the largest population den-
sity in Alaska, with over half of the state’s population residing within 
commuting range of Anchorage. The western shoreline of the Kenai 
Peninsula is almost entirely privately owned with development all along 
the tops of the eroding bluffs that overlook the inlet.

The climate along the Cook Inlet coast is in a transition zone between 
the maritime influence of the Gulf of Alaska and arctic conditions of 
the Alaska interior. Coastal winds are strongly influenced by the sur-

Figure 2-10. A tanker loads crude oil at the terminus of the Trans-Alaska 
Pipeline at Valdez in eastern Prince William Sound. Riley 
Smith photo.
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Figure 2-12. Steep bluffs of loose glacially deposited material, over 100 
ft high, line much of Cook Inlet. Phil North photo.

Figure 2-13. Broad tidal flats lie seaward of the toe of bluffs along Cook 
Inlet. Coarser sand and gravel tend to remain high in the 
profile with finer sand and silt collecting near the low tide 
line. Boulders along the shore, seen in photo, are signs of a 
prior location of the bluff face. Orson Smith photo.
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Factors that decrease soil shear strength, therefore increasing risk of 
failure, include: 

1. An increase in water pressure between the soil grains (also known 
as pore pressure), which may arise from concentrated drainage over 
the ground or within the soil.

2. Vibrations from nearby heavy equipment operation or from an 
earthquake. 

3. Debris buried within the slope whose adhesion with soil particles is 
less than that of the soil particles themselves. 

Coastal slopes tend to suffer from all of these factors leading to slope 
failure. In cold regions, freeze-thaw effects can further destabilize the soil. 
Prevention and stabilizing measures include:

1. Redirecting surface runoff and groundwater flow away from the 
slope.

2. Removing weight near the top of the slope.

3. Reshaping the slope to a flatter grade.

4. Planting the slope with vegetation that forms a root mass with 
increased shear strength and resistance to surface erosion by wind 
and runoff.

5. Keeping pedestrian and vehicle (e.g., four-wheeler and snowmachine) 
traffic off the slope.

6. Building retaining structures and wave protection at the toe of the 
bluff.

More information on landslide risks and slope stability is available 
from the Landslides Hazard Program of the U.S. Geological Survey: http://
landslides.usgs.gov/ and from the Federal Emergency Management Agency 
(FEMA) Landslide and Debris Flow (Mudslide) website: http://www.fema.
gov/hazard/landslide/. See Terzaghi et al. (1996) and Duncan et al. (2005) 
for more technical information on slope stability analyses.
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While the entire Cook Inlet region is seismically active, tsunami 
risks vary from high in lower Cook Inlet to low in upper Cook Inlet at 
Anchorage. Homer and its popular Homer Spit are especially susceptible 
to tsunami inundation. Tsunami risks have been mapped at Homer by 
the Alaska Division of Geological and Geophysical Surveys (Figure 2-16).

All Cook Inlet bluffs are actively eroding from a variety of causes. 
The exposed faces of the bluffs are often only marginally stable and 
even slight disturbances can cause a landslide. Wind, rain, and concen-
trations of runoff over the ground or groundwater can induce erosion 
of the bluff face. Heavy winter snow can increase spring runoff that 
contributes to bluff erosion. Pedestrian or vehicle traffic on the face of 
a bluff is destructive to its stability. The most catastrophic bluff ero-
sion along Cook Inlet occurs when strong onshore winds, and wave and 
wind-induced storm surges, are superimposed on a high astronomical 
tide, as illustrated in Figure 2-17. Bluff material at the toe loses strength 
when wetted by wave or wave runup and a cavity forms. This weakness 
leads to a major collapse of bluff material above the cavity and forma-
tion of a large gully indenting the bluff face. Adjacent gullies tend to 
merge, resulting in a retreat of the bluff along hundreds of feet of coast. 
Building near Cook Inlet bluffs, either by their toe or by their crests, 
involves a risk of property loss to coastal erosion. 

Cook Inlet is the only water body along the Gulf of Alaska coast with 
regularly occurring sea ice. During cold winters, sea ice in northern 
Cook Inlet can form as early as November and last until April. Figure 
2-18 shows historic average conditions of the last half of February (from 
Mulherin et al. 2001), when ice typically extends farthest south in Cook 
Inlet. Cook Inlet ice, with rare exceptions, does not exert erosive forces 
on the shoreline. The presence of ice on inlet water dampens wave 
generation by wind. Ice frozen to the shore armors against the erosive 
force of waves; however, when waves do occur, some sediment is moved 
when large pieces of ice float free on extreme high tides. For reports on 
sea ice conditions on Cook Inlet and other regions of Alaska, visit the 
National Weather Service Alaska Region Ice Desk website at http://pafc.
arh.noaa.gov/ice.php or the Alaska Ocean Observing System website at 
http://www.aoos.org/.

KODIAK ARCHIPELAGO AND ALASKA PENINSULA

The Kodiak archipelago consists of seven major islands and many 
smaller ones (Figure 2-8). Shelikof Strait separates the Kodiak archipel-
ago from the mainland Alaska Peninsula. As with southeast and much of 
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The southern and eastern shores of the Kodiak islands and Alaska 
Peninsula are fully exposed to Gulf of Alaska storms. The few coastal 
communities in the area are located in naturally sheltered areas, but 
are still subject to high storm waves during extreme conditions. Strong 
tidal currents that occur in passages create exceptionally dangerous 
sea conditions for mariners when wind and current flow in opposite 
directions. Shelikof Strait is notorious for steep high waves when tidal 
currents oppose strong winds. 

Aleutian Islands
Characteristics of the north Gulf of Alaska coast, Kodiak archipelago, 
and Alaska Peninsula apply to the isolated Aleutian Islands to the west. 
These islands include a number of active volcanoes, which have resulted 
in rubble slopes of recent volcanic origin and volcanic ash deposits 
alongside tall rocky cliffs, alluvial fans, and pocket beaches. No major 
rivers exist, so deltaic plains at the heads of fjords are not typical here. 
The islands are sparsely populated. Although some natural erosion 
occurs along the coastline, infrastructure is rarely affected.

Western Alaska
Western Alaska, as defined here, encompasses the Bering Sea coast 
of Alaska, including Bristol Bay and Norton Sound, from the north 
coasts of the Aleutian Islands and Alaska Peninsula to the Bering Strait 
(Figure 2-19). The Bering Sea is a large, relatively shallow water body 
that stretches to the eastern coast of Russia. Much of the Bering Sea lies 
over the continental shelf of western Alaska and depths reach only a few 
hundred feet for tens of miles offshore. The Bering Sea is the birthplace 
of intense storms with hurricane-force winds that affect weather across 
the state and into Canada. 

Most of the western Alaska coastline is uninhabited. Villages situated 
along the coast have small populations and are spread far apart. There 
are no roads in the area that connect to the rest of the state. 

The larger coastal communities of western Alaska include 
Dillingham, located on Bristol Bay, and Nome, located on the south 
coast of the Seward Peninsula southwest of the Bering Strait. Bethel, 
a marine and aviation transportation hub for Yukon-Kuskokwim com-
munities, is located 40 miles from the coast on the Kuskokwim River. 
Although Bethel is not subject to the intensity of coastal storms, it does 
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 experience river erosion on the tidally influenced lower Kuskokwim 
River. Unalaska is the largest community in the Aleutian Islands, where 
the Port of Dutch Harbor provides critical services to Bering Sea fish-
ing fleets.

Coastal characteristics vary across this vast region to include nearly 
all types found elsewhere in Alaska. The Aleutian Islands have fjords 
and sea cliffs and Bristol Bay is lined with bluffs similar in character to 
those of Cook Inlet (Figure 2-20). The Kuskokwim and Yukon river deltas 
are characterized by low-lying coastal plains bounded by low rolling 
hills (Figure 2-21). In some areas of western Alaska, such as the Norton 
Sound coast near Nome, long reaches of sandy beaches on a sunny sum-
mer day resemble contiguous U.S. vacation beaches. Tidal ranges vary 
from 30-foot extremes in upper Bristol Bay to less than 1 foot at Nome.

Figure 2-21. 
Sand dunes are backed 
by a broad tundra coastal 
plain with hills in the dis-
tance, near Hooper Bay 
on the Bering Sea coast, 
2003. Alaska Department 
of Commerce, Community, 
and Economic Development, 
James Hoelscher photo.

Figure 2-20. 
Coastal bluffs and upper 
beach near Dillingham, 
Alaska. Orson Smith photo.
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The shores of western Alaska are frequently inundated by storm 
surges from Bering Sea storms (Figure 2-22), predominantly during the 
fall and early winter. The climate is maritime continental with cool, 
rainy summers influenced by the open water of the Bering Sea. Winters 
are severely cold, resembling those of the interior of the state, since the 
northern half of the Bering Sea is typically covered with sea ice during 
winter months. Climatic warming is causing the sea ice cover to form 
later, to extend less to the south, and to recede sooner in the spring. 
This trend allows more wave energy to form and strike the coast and 
cause erosion, especially during the fall storm season. Most areas of 
western Alaska have experienced accelerated coastal erosion and shore-
line retreat in recent years.

The subsurface soils in western Alaska are predominantly fine-
grained marine and alluvial deposits with discontinuous permafrost 
(permanently frozen soil) distributed across the region. Permafrost 
composed of fine-grained sediment is prone to substantial settlement 
upon thawing when ice between the soil grains melts and flows away 
as water. Distribution of permafrost across Alaska, with reference to 
its ice content, is presented in Figure 2-23. More information on Alaska 
permafrost is available on the NOAA Arctic Change website at http://
www.arctic.noaa.gov/detect/land-permafrost.shtml and the Frozen 
Ground Data Center of the NOAA National Snow and Ice Data Center at 
http://nsidc.org/fgdc/. 

Figure 2-22. Storm waves wash debris past waterfront buildings onto 
the streets of Nome, October 2004. Alaska Department of 
Commerce, Community, and Economic Development, Dennis 
Harvey photo.
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Figure 2-25. The coast of the Chukchi Sea commonly has low-lying plains 
of permafrost-founded tundra behind salt lagoons, and 
barrier islands with low dunes of coarse sand and gravel. 
A variety of hardy plants trap wind-blown sand to build 
the dunes and hold them in place. The crests of Chukchi 
Sea islands are rarely more than 10 feet above mean sea 
level, and lower places are washed over during severe 
storms. Coastal streams typically drain into lagoons that 
intermittently connect to the sea at tidal inlets. Orson Smith 
photos.

Figure 2-26. Delta of the Sagavanirktok River at Prudhoe Bay and low 
coastal plain beyond. Orson Smith photo.
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Broad, low coastal plains are characteristic of Alaska arctic shores 
(Figures 2-25 and 2-26). Both the Chukchi and Beaufort sea have a series 
of narrow low-crested sandy barrier islands, with salt lagoons behind 
(Figure 2-27) at the coastal margins of the plains. Barrier islands of the 
Beaufort Sea coast, and to a lesser extent the Chukchi coast, have fine-
featured spits and artfully curved scallops that are associated with 
extended protection from waves by sea ice. Sea ice is not a consistent 
continuous erosive force, but rather tends to push up isolated berms 
when forced up onto the shore by wind friction. Ice pressure and ice 
push events are a greater concern for artificially constructed offshore 
islands and structures.

Permafrost, permanently frozen for centuries, extends deep below 
the surface, even under water, along the arctic coast. Bluffs, some 20 
or more feet high (Figure 2-28), tend to form above beaches of gravelly 
sand along salt lagoon shores or coastal reaches not fronted by barrier 

Figure 2-27. A barrier island near Prudhoe Bay on the Beaufort Sea 
shows a gravelly beach with intermittent “ice push” berms 
between larger-scale effects of wave action. Summer ice is 
common, but in 2011 it provides less protection from waves 
than it did in prior decades. Orson Smith photo.
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islands. Permafrost is exposed to sunlight, warmer summer air, rain, 
and occasionally the sea at the face of the bluff. Contact with seawater 
at the toe of the bluff forms a “thermal niche,” whose growth eventu-
ally leads to collapse of large blocks from the bluff face. These perma-
frost blocks quickly melt and the residual fine sediments are rapidly 
dispersed.

Figure 2-28. Thermal niches have formed along this bluff near 
Wainwright, Alaska, leading to collapse of large blocks from 
the bluff face. The shallow veneer of tundra plant life above 
the permafrost is apparent in this picture. Mikal Hendee 
photo.
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CHAPTER3
Coastal Erosion  
Response Options

”. . . Whether ‘tis nobler in the mind to suffer 
The slings and arrows of outrageous fortune, 
Or to take arms against a sea of troubles, 
And by opposing end them? . . .”

—William Shakespeare (from Hamlet’s soliloquy) 

Coastal communities and property owners experiencing or anticipating 
erosion have options that range from living with erosion to construc-
tion of expensive shore protection. Decisive local and regional coastal 
zone management can prevent erosion-related problems. Artificial 
beach nourishment appears natural and expands habitat and recreation 
opportunities, but it is not permanent. Rigid erosion control fortifies the 
shore, but may irreversibly alter the natural balance of waves, currents, 
and sediments. Decision-makers weigh the cost of living with erosion 
against the long-term cost of measures taken and accompanying adverse 
impacts to coastal equilibrium. 

Responses Involving No Construction

Living with Erosion
No action at all is a worthy option in the absence of the following: loss 
of life, loss of important infrastructure, loss of critical habitat, or loss 
of irretrievable assets such as unique archaeology. If buildings or other 
constructed infrastructure are at risk, their removal is necessary to 
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allow erosion to follow its natural course. Removal may involve demoli-
tion or relocation. Relatively large buildings can be moved substantial 
distances away from an eroding coast, often at costs significantly less 
than construction of shore protection. Relocation by the National Park 
Service of the Cape Hatteras Lighthouse (http://www.nps.gov/caha/
historyculture/movingthelighthouse.htm) is an outstanding example 
of saving a national landmark without long-term disruption of coastal 
processes. If relocation is not practical, demolition and removal of 
structures allows natural conditions to prevail.

Coastal Zone Management
A national program for protection and restoration of coastal areas 
was established by the Coastal Zone Management Act of 1972. The 
National Coastal Zone Management Program (http://oceanservice.
noaa.gov/topics/coasts/management/) fosters partnerships between 
local, state, and federal government, with provisions to accommo-
date unique coastal settings and challenges. The National Oceanic 
and Atmospheric Administration (NOAA) Office of Ocean and Coastal 
Resource Management provides guidance to state coastal zone manage-
ment programs. 

The Alaska Department of Natural Resources until 2011 administered 
the Alaska Coastal Management Program (http://coastalmanagement.
noaa.gov/mystate/ak.html) involving 33 coastal districts. Twenty-eight 
of these districts were developing enforceable policies to address 
coastal development, erosion, public access, protection of natural 
resources, and coastal hazards.  The Alaska Legislature dissolved the 
Alaska program in 2011.

Limiting new developments in coastal areas by community accord 
reduces ill-conceived shoreline construction. Conscientious community 
development planning and application of zoning regulations requires 
quantitative knowledge of erosion rates and related site-specific physi-
cal conditions. A baseline map of nearshore topography and bathym-
etry, existing construction, and important natural habitats is extremely 
valuable in judging the extent, rate, and measurable impacts of coastal 
erosion. Also valuable is knowledge of the local wind, wave, and water 
level characteristics and the nearshore sediment budget (source, sink, 
and rates). Rational decisions that restrict developments seaward of a 
setback line are best made on the basis of this information, with a view 
toward habitat conservation. Studies of climate change impacts may be 
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needed to assure that setback lines continue to correspond to the limit 
of erosion over time. 

According to the NOAA Office of Ocean and Coastal Resource 
Management (http://coastalmanagement.noaa.gov/initiatives/shore-
line_ppr_setbacks.html), about two-thirds of coastal states have estab-
lished lines a specified distance from the shore, seaward of which new 
development is restricted or prohibited. Alaska is not one of these 
states and no local Alaska governments have strictly defined setback 
line ordinances as of this writing. 

Setback lines are a form of zoning and, as such, are usually con-
troversial. Once established, setback lines are sometimes the subject 
of litigation. The abundance of setback line rules, regulations, and 
ordinances around the nation, however, is a testimony to their utility 
as a coastal zone management tool. North Carolina, for example, has 
established setback lines based on type and size of structures, along a 
distance measured landward from the first stable natural vegetation on 
the shore. North Carolina’s Administrative Code for Ocean Hazard Areas 
also takes into account rates of erosion in terms of shoreline retreat, 
such as “less than 2 ft/yr” or “greater that 3.5 ft/yr.” Existing structures 
seaward of a setback line are allowed to stay and be used, but in the 
event of a disaster (like a hurricane), substantial repair or replacement 
may not be allowed. 

Some common categories of setback lines are provided by David 
Kriebel (U.S. Naval Academy):

1. Fixed setbacks: A “critical area” is defined in Maryland as a 1,000-
foot zone back from the shoreline. Developments are regulated 
within critical areas, to preclude potentially harmful encroach-
ment on the shoreline and to prevent concentrations of rainfall 
runoff and loss of shoreline vegetation. 

2. Long-term erosion setbacks: The erosion setback is set in North 
Carolina as 60 times the annual shoreline retreat rate at a site. 
This policy prevents development at the shore in areas with docu-
mented rapid erosion rates, but allows development nearer the 
shore where little or no coastal erosion has historically occurred.

3. Storm-based setbacks: The onshore reach of wave runup and 
wave-induced erosion from a 100-year hurricane are estimated 
in Florida to establish the construction control line (CCL). 
Developments are regulated seaward of the CCL, with stipula-
tions for provisions such as flood proofing and storm resistance 
design features. 
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A framework for judging proposals for developments, including 
construction of erosion control, recommended by the Association of 
State Floodplain Managers (ASFM 2007, http://www.floods.org/), favors 
shoreline projects that create “No Adverse Impacts” to adjacent coastal 
properties or to uses of the shoreline. The principles associated with 
No Adverse Impact include local community and other stakeholder 
involvement in decision-making. Having absolutely no impact is difficult 
to achieve in the coastal zone, but mitigation measures are sometimes 
possible that can correct impacts perceived as adverse and can even 
create long-term enhancements. 

Damage Prevention Options

Flood Proofing
Many buildings and other structures can be constructed to survive 
extreme high water levels from coastal storm surge with little or no 
damage (Figure 3-1). The National Flood Insurance Program (NFIP, 
http://www.fema.gov/business/nfip/) specifies construction standards 
that reduce risks of storm damage to coastal buildings. Buildings in 
designated Coastal High Hazard Areas should be elevated on an open 
foundation so the lowest horizontal structural members are above the 
reach of surge and waves from the 100-year return period storm. This 
measure is meant to reduce probability of storm flooding and associated 
property damage to less than 1 percent in any year. Owners of lower 
structures pay higher flood insurance premiums. Flood hazard infor-
mation for many Alaska communities is available from the U.S. Army 
Corps of Engineers (http://www.poa.usace.army.mil/en/cw/fld_haz/
floodplain_index.htm). 

The NFIP is administered by the Federal Emergency Management 
Agency (FEMA). The program requires community implementation of a 
floodplain management program that meets national standards. FEMA 
offers technical and administrative guidance to local communities that 
subscribe to the NFIP. Participating communities are required to adopt 
resolutions or ordinances that regulate new construction in areas desig-
nated by FEMA as “Special Flood Hazard Areas.” FEMA further requires 
that “. . . a registered engineer or architect must develop or review the 
structural design, construction specifications, and plans for construc-
tion and must certify that the design and methods of construction to be 
used are in accordance with accepted standards of practice.” The Coastal 
Construction Manual (FEMA 2000) specifies a range of technical stan-
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dards for various coastal hazard risk categories. FEMA provides related 
guidance to coastal property owners in many forms (http://www.fema.
gov/rebuild/mat/mat_trans.shtm), stressing the need to understand 
risks of coastal hazards, including erosion. 

The Alaska Department of Commerce, Community and Economic 
Development also provides guidance for communities and property 
owners participating in the NFIP (http://www.commerce.state.ak.us/
dca/nfip/nfip.htm and http://www.commerce.state.ak.us/dca/pub/
AKQG2003_web.pdf). The department’s Division of Community and 
Regional Affairs administers a grant program for assistance to NFIP-
participating communities for developing plans and implementing 
projects to mitigate risks of flood damage. Not all Alaska coastal com-
munities participate in NFIP at the time of this writing. Coastal or riv-
erside property owners in communities that do not participate in NFIP 

Figure 3-1. A beach house on Lowell Point near Seward, Alaska, is 
elevated on a piling foundation to avoid damage from 
extreme high water. The house is also protected by a 
rock revetment. Moving the house, if ever necessary, 
would be expensive but achievable by specialists with 
proper equipment. The space beneath the house is wisely 
uncluttered. Orson Smith photo.
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are not eligible to receive flood insurance and will not have automatic 
FEMA disaster response when catastrophic flooding occurs.

Relocation
Physically picking up and moving buildings and structures to safe 
ground should be considered in many situations where loss to coastal 
erosion is imminent. Small buildings and some large ones can be relo-
cated and secondary roads are readily rebuilt on safer alignments, 
often at relatively low cost compared to coastal erosion control works. 
Other infrastructure such as buried utility lines and paved roads must 
be demolished and rebuilt with salvaged or new materials at a new site. 
If no safe ground exists within practical reach or suitable land is not 
available, relocation is not a viable option. Also, the value of the prop-
erty should be considered in the cost-benefit analysis in addition to the 
infrastructure that is in imminent danger. If the infrastructure is relo-
cated, a conservative setback from the shoreline should be considered.

Coastal buildings can be constructed on piling or space-frame foun-
dations that allow the buildings to be moved to a new location with 
relative ease. In many locations in rural Alaska, heavy lifts and moves 
need to be done in winter when the ground is frozen, well after danger-
ous fall storms have occurred.

Erosion Control Works
Actions can be taken to prevent further erosion or slow the erosion 
rate to an acceptable level. These erosion control works fall into three 
categories: nonstructural alternatives, structural alternatives, and com-
posite alternatives combining nonstructural and structural components.

Nonstructural Alternatives
Nonstructural erosion control works include vegetation, slope reduc-
tion, infiltration/drainage control, and beach nourishment. Each alterna-
tive has pros and cons and the potential benefits from reducing coastal 
erosion are site-specific. 

VEGETATION

Planting vegetation on eroding slopes can help prevent erosion in areas 
that are not exposed to the direct onslaught of wave action. The main 
problem associated with vegetation in Alaska is the short growing sea-
son and slow growth of plants. The plant species must be matched with 
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the climate, soil conditions, and conditions to which the plants will be 
subjected such as salt spray or brackish water. Vegetation is often used 
in conjunction with slope reduction. Plants have been used with limited 
success to control erosion on Alaska stream banks (Karle et al. 2003), 
but not in coastal settings with direct exposure to saltwater waves.

SLOPE REDUCTION

Slope reduction improves resistance to the effects of wind, rain, ground-
water flow, and earthquakes. As with vegetation, slope reduction by 
itself will not be effective protection from direct exposure to high 
water, waves, or currents. Slope reduction can affect a large horizontal 
footprint when applied to a steep, tall bluff with loss of previously level 
land at the top of the slope. Material excavated to reduce the slope can 
sometimes be applied as protective fill at the toe of the slope. Slope 
reduction is usually accompanied by planting vegetation and often by 
construction of a revetment or other rigid protection along the toe.

INFILTRATION AND DRAINAGE CONTROL

Infiltration and drainage control is important to avoid concentrated 
runoff that can destabilize an earthen slope. Infiltration control prevents 
water from flowing down through the soil and includes paving, adding 
fill with impermeable soil (such as compacted clay), and construction 
of swales (low ridges) or diversion ditches. Drainage control removes or 
diverts water already present in the soil and includes burial of perfo-
rated pipe, excavation of catch basins, placement of permeable drainage 
blankets, and contour wattling (rows of stakes interwoven with branches 
or other pliant material). Design of infiltration or drainage control is 
best done with expert advice. The Washington Department of Ecology 
has an informative website on drainage control at http://www.ecy.
wa.gov/programs/sea/pubs/95-107/drainage01.html.

BEACH NOURISHMENT

Beach nourishment (also called beach fill) is the placement of beach 
material by mechanical or hydraulic means (Figure 3-2). Beach fill can 
be hauled by truck from an upland source or placed as slurry pumped 
from an offshore dredging site. Grain sizes of the fill should be matched 
as closely as possible to the grain size distribution of the natural beach. 
The objective of beach nourishment is to replenish material that moves 
due to longshore or offshore sediment transport. Periodic renourish-
ment is required, on a schedule that depends on the fill material, wave 
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and current characteristics, and frequency and intensity of storms. 
Beach nourishment is a temporary solution unless there is a long-term 
commitment to continue supplying material to the site. NOAA has a 
comprehensive website that describes beach nourishment at http://
www.csc.noaa.gov/beachnourishment/index.htm. 

Issues regarding beach nourishment in Alaska include the challenge 
of finding suitable fill material sources near the erosion problem and 
high cost of mobilizing equipment to coastal sites. Beach fill with mate-
rial dredged from offshore has been accomplished at Barrow, Alaska, 
but costs were high and the time window to safely dredge and transport 
the fill was brief. The project leaders notably had difficulty locating and 
excavating beach material of sufficient quality and quantity. The Barrow 
beach nourishment program reduced erosion for a few years, until the 
operation was discontinued. 

Figure 3-2. Beach fill is hauled by truck to a lakeshore park at St. 
Joseph, Michigan. The sand fill will ultimately cover an 
existing seawall and group of beach groins that will remain 
as fallback protection. U.S. Army Corps of Engineers photo.
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Structural Alternatives
Structural alternatives for erosion control often involve construction 
of some relatively rigid linear works along the shore to armor coastal 
property and to reflect or dissipate wave energy. The most common 
armoring alternatives are revetments and seawalls. Beach stabilization 
structures, such as beach groins and offshore breakwaters, retard ero-
sion by capturing sediment moving along the shore. These options can 
increase the longevity of a beach fill. All structural projects on the coast 
are costly and alter shore characteristics. They may have detrimental 
effects on neighboring coastal properties.

Design of protective and beach stabilization structures calls for 
detailed site-specific information and analyses of sediments, water lev-
els, waves, currents, and associated coastal processes. Composites of 
two or more structure types may be required to sufficiently reduce risks 
of property damage during extreme storms. Qualified engineers with 
specialized experience and knowledge should be consulted, following 
advice of the Coastal Engineering Manual (USACE 2008, http://chl.erdc.
usace.army.mil/cem) and other widely accepted technical references.

REVETMENTS

Revetments are probably the most common structural erosion response 
around the world (Figure 3-3). A revetment consists of an armor blanket 
of rock, shaped concrete blocks, or other heavy wave-resistant mate-
rials, placed over a filter layer of gravel, fabric, or both, all laid on a 
graded slope of natural soil. Revetment slope ratios of 1 vertical to 2 or 
3 horizontal are most commonly recommended. Revetments dissipate 
wave energy in turbulence and friction of water flowing through the 
pores of the outer armor and filtering underlayers. They also reflect 
some wave energy back to sea. The filter beneath the armor is designed 
to prevent passage of natural soil grains, keeping beach property in 
place. The armor layer protects the filter layer from damage by dissipat-
ing and reflecting wave energy. A failure of either component will cause 
failure of the revetment. Special attention to the transitions along the 
margins of a revetment at the toe, crest, and flanks are also important 
to its stability and effectiveness.

SEAWALLS

Although the terms “bulkhead” and “seawall” are often used inter-
changeably, bulkheads specifically describe a civil engineering structure 
that is a soil retaining wall holding a substantial fill in place on one side. 
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Seawalls are usually rigid vertical or nearly vertical structures facing 
the sea to protect coastal property from waves and flooding. Seawalls 
are often constructed as bulkheads with fill on their shoreward side. 
Seawalls can be constructed from timber planks (Figure 3-4); steel 
and aluminum sheet piling; poured concrete; stacked bags filled with 
sand, gravel, or concrete; wire-mesh gabion baskets filled with rocks; 
interlocking prefabricated concrete blocks; and a variety of synthetic 
materials. 

A vertical impermeable seawall reflects almost all wave energy strik-
ing its face. This action causes reflected wave energy to combine with 
incoming wave energy a short distance seaward, which usually exacer-
bates wave erosion at that location. A significant concern for seawalls 
is that they usually lead to scouring of beach material immediately 
seaward of the wall and associated lowering and steepening of the 
beach profile. The long-term result can be a seawall that projects sea-
ward from eroded property on either side. In this situation, the seawall 
becomes a barrier to longshore sediment transport, trapping sediment 

Figure 3-3. A revetment designed by the U.S. Army Corps of 
Engineers protects a street and buildings at Shishmaref in 
northwestern Alaska. Mikal Hendee photo.
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on one side and accelerating shoreline retreat on the other. These mea-
surable effects are confined to the immediate vicinity of the seawall. 
More distant effects induced by seawalls are a matter of controversy 
and continuing discussion among specialists. Seawalls constructed as 
partially submerged bulkheads are common in port and harbor areas, 
often serving as wharfs (moorings for ships and boats).

BREAKWATERS

Breakwaters, when designed as beach stabilization structures for ero-
sion control, are linear structures built parallel to the shoreline near 
the offshore edge of the surf zone to dissipate wave energy. They can be 
either fixed to the seafloor or floating. Offshore breakwaters are usually 
constructed as elongated mounds of layered rock, but they can also be 
constructed from prefabricated concrete caissons and other concrete 
devices. Crests of fixed breakwaters may be low or even submerged and 
still be effective for erosion control. 

Floating breakwaters are built of buoyant materials such as large 
foam-filled concrete rectangles, matrixes of used tires tied together, 

Figure 3-4. A seawall constructed of timber planks at Homer, Alaska, 
protects the toe of a bluff behind. The wood planks cover 
synthetic sheets that would be insufficient strength by 
themselves. The slope of the bluff has been reduced by 
grading to a uniform angle and planted with grass. The 
synthetic material covering the slope in the photo is 
temporarily in place to allow grass seeds to take root. Orson 
Smith photo.
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timber rafts, or manufactured composites. Floating breakwaters are 
reliable in sheltered areas where wave periods are unlikely to exceed 
4 seconds. They are particularly beneficial when nearshore slopes are 
steep and very deep water is close at hand. Floating breakwaters are 
usually harbor structures and are rarely used as an erosion response.

Since breakwaters decrease the amount of wave energy that reaches 
the shore directly behind them, the longshore transport of material 
may become interrupted, depriving down-drift beaches of replenishing 
material. In some cases, the accumulation of sediment directly behind 
a breakwater will extend from the shore to the structure itself, forming 
a tombolo (Figure 3-5).

BEACH GROINS

Beach groins are structures installed perpendicular to the shore extend-
ing into the surf zone. Groins have been constructed from quarried 
rock, prefabricated concrete caissons, synthetic fabric sacks filled with 
gravel, wire-mesh gabion baskets, steel sheet piling, and timber planks. 
Groins are primarily intended to trap sediment transported longshore. 

Figure 3-5. A low-tide tombolo in Resurrection Bay near Lowell Point, 
Alaska, has formed naturally by reducing incoming wave 
energy. Orson Smith photo.
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Their main disadvantage is that they impede sediment supply to 
down-drift properties, which can accelerate erosion of the neighboring 
shoreline. With proper design and an understanding of the effects and 
limitations of beach groins, they can be used to retard coastal erosion 
and retain beaches. They can also be used to minimize sedimentation 
of harbors and navigation channels.

Federal Responses
Federal efforts to address coastal erosion in rural Alaska have to date 
been reactive and historically hampered by conventional federal restric-
tions that require tangible benefits to the national economy to offset 
project life-cycle costs. Few federal coastal erosion projects have been 
authorized under these rules to date (see http://www.poa.usace.army.
mil/CO/CoOrg/PMIS.htm).

Benefits associated with road transportation serving the exceptional 
coastal development of Homer Spit allowed construction of a rock revet-
ment in 1998 after 15 years of study. A regional study by the Corps 
of Engineers of coastal erosion concerns under the new authority is 
available at http://www.poa.usace.army.mil/en/cw/index.htm (USACE 
2009). The report identifies 25 communities that require immediate 
action in response to erosion problems. The Corps of Engineers concur-
rently received special authority and funding to design and construct 
coastal revetments at Shishmaref (Figure 3-3), Kivalina (Figure 3-6), and 
Unalakleet.

NOAA offices have made efforts to expand the network of coastal 
monitoring stations, but these efforts have been hampered by budget 
constraints in recent years. The Alaska Ocean Observing System (http://
www.aoos.org/) works to guide federal and state agencies toward a 
more extensive climate-oriented network of observation stations. A 
much denser network is necessary for more reliable forecasting of 
coastal disasters, including severe erosion conditions.

Alaska shorelines are typically not well surveyed and vertical tidal 
datums are poorly defined along much of the coast, hampering efforts 
to monitor shoreline retreat using aerial photography and satellite imag-
ery. NOAA and Department of the Interior agencies all have an interest 
in improving baseline definition of coastal events.

The National Flood Insurance Program is not universally applied 
across Alaska. Villages of the Bering Sea and arctic coasts typically 
lack this source of coastal disaster relief and have not benefited from 
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associated guidance to wisely choose coastal building sites. Many are 
located on sites readily associated with flooding and erosion, yet the 
federal and state governments have, over decades, consistently sup-
ported growth of these communities on sites poorly suited to present 
or future populations.

State Responses
While no state agency has an explicit mission to deal with coastal ero-
sion in Alaska communities, the Alaska Department of Transportation 
and Public Facilities has been conscientious about erosion protection 
of roads and runways. Few roads connect the Bering Sea and arctic 
Alaska communities, but airstrips serving these coastal villages have 
needed shore protection. The Nome seawall, a rock revetment of con-
ventional design, is a long-lasting project originally built by the Corps 
of Engineers and extended and maintained by the state along Norton 
Sound (Figure 3-7). Alaska universities have begun to focus their lim-
ited resources on issues of coastal erosion through research efforts of 

Figure 3-6. A revetment designed by the U.S. Army Corps of Engineers 
at Kivalina, Alaska, nears completion in July 2010. The final 
shape is on the right; building materials are stockpiled on 
the left. Orson Smith photo.
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individual faculty members and through elective courses in graduate 
education programs (Smith 2006). The Alaska Department of Natural 
Resources has provided its coastal managers and other specialists 
with training on coastal processes through the University of Alaska 
Anchorage and has embarked on coastal hazards mapping with the 
Division of Geological and Geophysical Surveys.

Regional and Local Government Responses
Alaska borough and city governments have participated with the state 
in community master planning under authority of the federal Coastal 
Zone Management Act of 1972 and Alaska Coastal Management Act of 
1977, administered by the Alaska Department of Natural Resources 
(NOAA 2008). Until it was dissolved in 2011, the Alaska Coastal 
Management Program was voluntary at the local level, and provided a 
strong network of involved city planners, local government officials, 
and others to promote wise coastal land uses. 

Coastal erosion responses, whether structural or nonstructural, have 
potential impacts on sustainable coastal development, and therefore 

Figure 3-7. Seawall in Nome, Alaska. Mikal Hendee photo.
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are not always addressed in the coastal management plans of Alaska 
coastal communities. “No Adverse Impact” by coastal works has been 
promoted by a number of community planners (ASFM 2007). The tenets 
of the No Adverse Impact philosophy are gaining some favorable atten-
tion from local and regional governments in Alaska, where owners of 
coastal residences and recreational properties are reaching out for 
help with chronic coastal erosion losses. Setback lines or similar zon-
ing regulations directly addressing coastal erosion responses remain 
nonexistent to date, however. Existing regulations have historically been 
administered in many places on the Alaska coast with weak resolve 
regarding adverse impacts. Abuses of permit terms and unpermitted 
coastal construction are still common in Alaska. 

Actions Needed
The needs in Alaska for support of rational lasting responses to coastal 
erosion are as great as the Alaska shoreline. Until baseline coastal con-
ditions are measured and the climate is adequately monitored, almost 
all coastal development in the state will come with uncertain risk of 
erosion. Uncertainties are currently most severe along the arctic coast. 
Federal government agencies are constrained by limits of authority and 
state government has to date not taken much responsibility to proac-
tively address erosion concerns. Without established baselines and con-
tinuous monitoring, the frustrations of failed shore protection projects 
and property loss along the Alaska coast are likely to continue at their 
present extreme rate or even increase as the climate changes around 
us. Mistakes of the past and lessons learned long ago in the Lower 48 
states appear doomed to be repeated indefinitely along Alaska’s shores, 
unless state, regional, and local governments stand forth against unwise 
and poorly designed coastal development.
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CHAPTER4
Revetments and Seawalls

Revetments
Revetments protect the shoreline by providing a means to let water 
escape from the soil without erosion of soil particles from wave-induced 
turbulence and hydraulic pressure. A revetment accomplishes these 
functions by including one or more permeable filter layers that are 
ballasted against wave damage by layers of outer armor (Figure 4-1). 
Because the armor is visible, most people conclude that the armor is 
the entire revetment, perhaps not realizing that the most important 
feature is the filter beneath. Revetments are used to protect a stream 
bank or shoreline on its natural grade or protect fill material placed over 
existing sediments, as shown in the typical revetment cross-section in 
Figure 4-2.

Revetment filters consist of a blanket of gravel of selected size or of 
permeable synthetic geotextile fabric (Figure 4-2). A blanket of gravel 
over the geotextile filter is good practice to protect the fabric during 
armor placement. The purpose of a revetment filter is to prevent migra-
tion of fine soil particles into the lake, river, or ocean and to relieve 
hydrostatic pressures within the soil mass while bearing the weight 
of the armor. Filter design depends on the particle size of the original 
soils and the size of the armor units that can withstand erosive forces 
of extreme waves and currents at the site. An ineffective filter will result 
in collapse of the revetment into voids left by loss of soil. A fully effec-
tive filter allows water to pass through while retaining soil particles.

Armor layers that hold the revetment filter in place can consist of 
quarried rock (often called riprap); precast concrete blocks; interlock-
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ing mats of precast concrete blocks; geotextile bags filled with rocks, 
gravel, or sand; wire-mesh baskets (called gabions) filled with rock; 
or variations of these. All revetment armor alternatives are intended 
to withstand turbulent forces of waves in a severe storm. All rocks or 
precast concrete blocks in revetment armor layers must be of sufficient 
size that they won’t be moved by breaking waves. High waves will scat-
ter undersized armor units and continue to scour away the filter and 
soil beneath. Interlocking angular armor units or concrete units tied 
together with cables reduces the size of individual armor units required 
for structural integrity of the revetment armor layer. Revetment armor 
layers must remain permeable for proper function of the filter beneath. 
Some interlocking systems have such low permeability that high hydro-
static pressures from behind can cause deformation or failure. Filling 
voids between revetment armor units with grout or soil decreases per-
meability and increases reflection of wave energy.

Careful design is important at places where the revetment structure 
is vulnerable to undermining at the toe (bottom of slope), crest, or 
flanks (sides). Special attention to scour protection at the revetment 
toe is usually necessary. The revetment crest may on occasion be over-
topped by extreme wave runup, so the ground immediately behind the 
crest should be protected by a splash apron of gravel or other perme-
able cover. Some revetments incorporate elaborate features for drainage 
of high-volume runoff that may accumulate at the crest during periods 
of intense rain. Figure 4-3 illustrates the five most common modes of 
revetment failure due to inadequate armor, scour at the revetment mar-
gins, or ineffective filter construction. 

Table 4-1 presents a checklist for design of coastal revetments 
that follows guidelines of Design of Coastal Revetments, Seawalls, and 
Bulkheads (USACE 1995). Further technical guidance is available in 
the Coastal Engineering Manual (USACE 2008), as well as the Federal 
Highway Administration’s Design of Riprap Revetment (Brown and 
Clyde 1989) and Tidal Hydrology, Hydraulics, and Scour at Bridges 
(Zevenbergen et al. 2004). Reliable revetment designs are best accom-
plished by a licensed engineer with substantial education and experi-
ence in coastal designs.

Riprap Revetments
Rock revetments have two or more armor layers of quarried stones 
selected to be large enough to remain stationary in specified severe 
wave conditions. The term riprap is commonly used to describe rocks 
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Armor stones are preferably placed individually on the slope to maxi-
mize interlocking and to meet an exact geometric design. ASTM (2003) 
specifies standard sizes of riprap for erosion control and ASTM (2008) 
provides guidance for material selection and placement. Revetment 
material selection, design, and construction are more complex than 
dumping a bunch of rocks on a slope. 

An advantage of rock revetments is their ability to withstand minor 
settlement and damage and still function as an erosion control measure. 
Wave energy is dissipated on the rough, porous revetment surface, so 

1. Determine the water level range for the site (tides and storm surge).

a. Consider both extreme high and extreme low levels.

2. Determine the wave climate for the site.

a. Consider 50-year to 100-year return period for armor design.
b. Choice of a less severe condition increases risk of future damage.

3. Determine the characteristics of the shoreline sediments, as they vary 
from upland to beyond the surf zone, and as they vary vertically from the 
surface downward.

a. Variation in sediment characteristics below the surface can reveal 
recent seasonal or multiyear cycles of change.

4. Identify an optimum armor configuration to resist the design wave 
conditions.

5. Determine the potential wave runup height to select the crest elevation 
and associated volume of wave overtopping.

6. Consider local surface runoff and runoff from wave overtopping and 
include provisions for other drainage facilities such as culverts and ditches.

7. Consider end conditions to avoid failure due to flanking.

8. Design the toe protection.

9. Design the filter.

10. Assure fill material is firmly compacted.

11. Consider environmental impacts of 

a. Materials supply (e.g., quarry and borrow pit operations).
b. Effects on shoreline habitat and migrating species.
c. Changes of sediment supply to neighboring property that may be 

induced by revetment construction.

Table 4-1. Coastal revetment design checklist.
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wave reflection is minimized and runup is not as high as on smoother 
slope protection. A rock revetment is a proven method of shore protec-
tion, but good rock and heavy construction equipment to properly build 
a revetment in severe conditions can be expensive. 

The trade-off between smaller rocks on a flatter, wider revetment 
with larger rocks on a steeper, narrower slope involves economic 
and environmental considerations. Revetment material quantities are 
minimized with a steeper slope, but steep slopes require larger, more 
expensive armor units. Steeper slopes reduce the revetment horizontal 
footprint, which may affect real estate or right-of-way transactions and 
mean less habitat impact. For resistance to earthquakes and general 
stability considerations, revetment slopes are usually not less than 1 
vertical to 2 horizontal (1v:2h) and should never be steeper than 1v:1.5h. 
In areas where ice may impact the revetment, a slope of 1v:3h or flat-
ter is preferred, based on laboratory experiments at the Cold Regions 
Research and Engineering Laboratory (Sodhi et al. 1996). The natural 
ground may require excavation or fill to provide a regular slope on 
which to build a revetment. Fill should be free of large rocks and debris 
and properly compacted. 

In Alaska, surprisingly few operating quarries can supply an ade-
quate quantity of armor stone suitable for riprap revetments. Many 
Alaska projects require transportation of armor rock over long dis-
tances, by truck for projects along the road system or by barge to the 
many coastal settlements without road access. In permafrost areas, the 
underlying frozen soils should be assessed to determine if future thaw-
ing will cause unacceptable settlement. It may be necessary to pre-thaw 
the permafrost and compact the unfrozen soils prior to construction 
of the revetment. It is possible to place insulation or passive cooling 
systems beneath a revetment to keep the foundation frozen, but this 
strategy may not be effective for a long period in a warming climate.

Pre-cast Concrete Revetment Armor
Concrete blocks molded into complex shapes, some patented, are 
available for revetment armor where equivalent rock sizes are more 
expensive to import. Precast concrete dolosse shown in Figure 4-4 are 
examples of commercially available options. These shaped blocks are 
cast in special molds, sometimes with added noncorrosive fiber rein-
forcement. Larger blocks may be formed and poured at the construction 
site, but more often are cast elsewhere and brought to the site by barge. 
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Shaped concrete blocks placed as individual units on a revetment 
slope are designed to interlock more efficiently than angular rock and 
thus require less weight. Patent costs, import of cement and molds, and 
quality control in casting often result in higher costs than transport of 
suitable rock over surprisingly great distances to Alaska coastal sites. 
Once broken, shaped concrete blocks are less effective than rock of the 
same size. Revetment repairs with molded concrete units are typically 
more difficult and expensive than with rock. For these reasons, open 
coast revetment construction with quarried rock armor has the most 
experience and best record in Alaska.

Marine Mattresses
Concrete units that are structurally connected to one another form a 
revetment that distributes stresses. The interlocking mechanism and 
connections between units have to be strong to resist both uplift and 
down-slope forces. One advantage of this “mattress” approach is that 
the individual armor units of the interlocking structure don’t have to 
be as large for stability as those used individually. Another advantage 
is that a substantial portion of the revetment armor can be assembled 
off-site with improved quality control and then rapidly placed (usually 
by crane lift) in large, uniform sections. This approach to revetment 

Figure 4-4. A revetment slope armored by precast concrete dolosse 
(left side of photo) is topped by a rock splash apron, at the 
airport in Unalaska, Alaska. Harvey Smith photo.
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armor is recommended only for low to moderate wave exposure (Hughes 
2006). Mattress designs involving synthetic mesh containers of small 
rocks, as shown in Figure 4-5, have not been tested in Alaska freeze-
thaw and sea ice exposure conditions.

Low-Cost and Emergency Options
Low-cost erosion control measures inevitably come with a high risk of 
failure. Cost constraints pressure property owners and local govern-
ments to accept affordable and expedient shore protection concepts 
promoted by enthusiastic entrepreneurs. Many of these methods have 
little chance of lasting long in an exposed coastal environment. 

Fabric cases filled with sand and gravel or wire-mesh gabion baskets 
filled with cobbles or sandbags may, in good conditions, prevent erosion 
until a more durable structure can be constructed. They cannot with-
stand the direct force of ocean waves for long, which has been proven 
many times all along the Alaska coast (Figures 4-6 and 4-7). Sunlight 
degrades the strength of the fabric, and freeze-thaw effects and sea or 
river ice forces cause deterioration. Fabric or wire-mesh structures are 
not durable enough to withstand impacts from floating logs or four-
wheeler vehicle traffic. Agencies and construction material vendors con-
tinue to search for affordable, transportable revetment armor and other 

Figure 4-5. Marine mattresses on a revetment at Cape May, New Jersey. 
U.S. Army Corps of Engineers photo.
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Figure 4-6. Failed wire-mesh gabion baskets at Shishmaref, Alaska. 
Geotextile that lined the rock-filled gabions is intertwined 
with the rocks and wire. Mikal Hendee photo.

Figure 4-7. Wire-mesh gabions, gravel-filled fabric tubes, and sandbags 
in disarray at Shishmaref, Alaska, 2006. Mikal Hendee photo.





Responses to Coastal Erosion in Alaska in a Changing Climate 71

must withstand the forces of waves and currents on its seaward side. 
Sea ice forces and freeze-thaw effects in the fill are also destabilizing 
factors that matter in Alaska. Well-built structures of steel, aluminum, 
concrete, and wood are capable of withstanding wave, current, and ice 
forces.

Interlocking sheet piling can be driven without anchoring for low sea-
walls or anchored for higher ones. Anchors can consist of piles driven 
behind the seawall (Figure 4-8) or of concrete blocks or other heavy, 
bulky objects known as “dead man anchors” buried in the fill. Seawall 
sheet piles must be driven deeply to resist overturning forces, which 
can be difficult in areas underlain by shallow bedrock or permafrost. 
Sheet pile must be driven deep enough to allow for prospective scour 
along the seaward toe. Anchors with cables or rods that tie them to the 
waler along the seawall face can corrode and dangerously weaken the 
entire seawall. Corrosion prevention for all corrodible features of a sea-
wall is an important consideration. Abrasion of coatings by wind- and 
wave-driven beach sediments is inevitable.

An alternative to conventionally anchored sheet-pile seawalls is the 
patented Open Cell® (PND Engineers, Inc.) sheet-pile wall, which consists 
of sheet pile driven in a “U” shape, as viewed from above. An intercon-
nected series of U shapes results in a seaward face of convex arches 
(Figure 4-9) that relies on the interlocking of micro-anchors along the 
tail walls that extend into the fill for stability, instead of a conventional 
anchoring system. 

Figure 4-9. Open Cell® sheet-pile seawall just after construction at 
Hawks Beach on the southern Cook Inlet coast of the Kenai 
Peninsula, Alaska. PND Engineers, Inc. photo with permission.
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Construction of a seawall causes localized changes in the beach, 
but does not necessarily induce large-scale accelerated beach erosion, 
according to a thorough review of literature and case studies summa-
rized in the Coastal Engineering Manual (USACE 2008, Part V Ch. 3). This 
finding continues to be debated in technical literature, however.

Because seawalls must be nearly impermeable to function as retain-
ing walls, they are efficient reflectors of wave energy. Waves reflected 
offshore combine with incoming waves to amplify forces on sediments 
immediately seaward of a seawall. Scour along the toe of a seawall is a 
typical result of wave reflection. Figure 4-10 shows the usual effect of a 
seawall on the profile of the beach in front and the bluff behind when 
larger coastal trends are causing a shoreline retreat. Scour protection 
can be provided by placing rock along the toe in the manner of a revet-
ment, as in Figure 4-11. Figure 4-12 illustrates the difficulties of under-
estimating wave-induced scour at the toe of a seawall. The Dillingham 
seawall of Figure 4-8 has also suffered up to 6 feet of toe scour.

A seawall projecting into the surf zone will act as a barrier to long-
shore transport of beach sediment. The up-drift side of a barrier that 
extends into the littoral zone will accumulate beach material. Beach 
material on the down-drift side will be depleted, due to a deficit of up-
drift sediment supply caused by the structure. Figure 4-13 illustrates 
the prospective long-term effect of a seawall protruding into the surf 

Figure 4-10. Schematic of profile retention behind a seawall as adjacent 
shoreline continues to retreat. Also illustrated is the 
toe scour that is typical without construction of scour 
prevention measures. Seawall scour protection usually 
consists of a revetment built along the seawall toe.
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zone. A seawall isolated in the middle of a beach experiencing large-
scale erosion can be expected to eventually form a prominence as the 
adjacent shoreline retreats. As this situation develops, the sidewalls 
of the structure perpendicular to the shoreline become increasingly 
important for retaining the fill behind the seawall. 

As with revetments, expedient low-cost options exist for seawalls. 
These also are often less durable and have more risk of early failure 
than more conventional designs. Wire-mesh gabions filled with stone, 
gravel, or sand have been used to construct bulkheads with limited 
success throughout Alaska (Figure 4-14). Most of these structures hold 
up for a few seasons or less before they are destroyed by storm waves 
(Figure 4-15). Only the strongest, most durable materials and designs 
are likely to last for a decade or more in the Alaska coastal environment.

Figure 4-15. Remains of a failed gabion seawall at Shishmaref, Alaska, 
2006. Mikal Hendee photo.
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CHAPTER5
Beach Nourishment  
and Beach Groins

Beach Nourishment

Purposes and History
Beach nourishment, sometimes also called beach fill, is a response 
to coastal erosion that has increasingly become the first choice of 
coastal communities in the contiguous United States. Beach nourish-
ment involves placing large quantities of sediment along the eroding 
shoreline (Figure 5-1), directly addressing sediment deficits by in-kind 

Figure 5-1. Beach nourishment at Indiana Dunes National Lakeshore. 
U.S. Army Corps of Engineers photo.
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replacement. Shoreline processes causing erosion are affected in a posi-
tive way by the presence of the fill material. Waves break farther off-
shore, reducing or eliminating inundation of valued shoreline property. 

The fill material, if similar to natural beach sediment at the site, will 
respond in a like manner and in time also will be taken away by wave 
action. The fill is sacrificial with a finite lifetime before renourishment 
is necessary (NOAA 2007). Risks for property damage increase when 
periodic renourishment or post-storm repairs are not performed as 
needed. Since beach nourishment is sacrificial in nature, public miscon-
ceptions about the periodic need for renourishment sometimes lead to 
controversy (NRC 1995). 

Fill material that closely resembles native beach material will best 
maintain shoreline habitats and aesthetic values (Figure 5-2). A major 
challenge in planning a beach nourishment project is location of a 
source of fill material similar in character to native beach material. 
Considerations for fill material excavation and transport are often as 
crucial, particularly in the permitting process, as for placement of fill 
on an eroding beach. 

Composite coastal erosion responses incorporating fixed structures 
with seaward beach nourishment can enhance effectiveness while 
maintaining beach habitat, scenery, and traditional human activities 
along the shoreline. Structures such as seawalls and revetments, located 
shoreward of the beach fill, reduce risks to upland property during 
extreme storm events. Groins and breakwaters also can be incorporated 
to extend the life of beach nourishment.

Small, privately funded, beach nourishment projects began in south-
ern California in the 1930s. Larger federally funded beach nourishment 
projects were first constructed in the 1960s to mitigate interruption of 
natural sediment transport patterns by jetties at river entrances and 
by harbor breakwaters. The Coastal Engineering Manual (USACE 2008) 
states that the primary function of a federal beach nourishment project 
is to “provide improved protection to upland structures and infrastruc-
ture from the effects of storms.” Beach nourishment is now recognized 
as an effective direct response to coastal erosion (Hapke et al. 2006).

Very few beach nourishment projects have been undertaken in 
Alaska. The North Slope Borough sponsored a beach nourishment pro-
gram in 1995 at Wainwright on the Chukchi Sea coast. Approximately 
95,000 cubic yards of fill material dredged from a nearby offshore site 
were placed on the beach at Wainwright. The dredge was moved to 
Barrow in 1996 where beach nourishment operations continued through 
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1999, when the dredge was severely damaged in a storm. Beach nourish-
ment was not resumed at Barrow.

On the east coast of Cook Inlet, beach fill was placed in front of a 
sheet-pile retaining wall constructed at the toe of an eroding bluff just 
north of the Nikiski ship terminals, in 2004. The beach fill addressed 
changes caused by a series of events. In the late 1960s a large bulkhead 
was built, known as Rigtenders Dock, which blocked sediment transport 
by waves from the south (Figure 5-3). An effort to protect the rapidly 
eroding bluff just north of Rigtenders Dock included construction of a 
sheet-pile wall that unfortunately accelerated local erosion by reflecting 
storm waves (Smith et al. 2003). The 2004 beach fill operation partially 
restored the beach at the sheet-pile wall with material from immediately 
south of Rigtenders Dock. This effort was apparently successful for 

Figure 5-2. Shore protection at Coney Island, Brooklyn, New York. 
U.S. Army Corps of Engineers photo.
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several years in restoring the beach while protecting the adjacent wall 
and bluff from erosion.

Advantages and Disadvantages of Beach Nourishment
The National Resource Council (NRC 1990) declared that, “. . . beach 
nourishment is a viable engineering alternative for shore protection and 
is the principal technique for beach restoration.” Beach nourishment can 
provide protection from storm waves and flood damage, when: 

1. appropriate standards are applied for planning, design, and 
construction;

2. erosion processes are quantified and effectively incorporated in 
the design; and

3. beach renourishment is carried out on schedule.

ADVANTAGES

Beach nourishment provides protection to valuable coastal property 
from storms and long-term erosion, while providing a wider beach for 
recreational and subsistence activities. Wider beaches provide addi-
tional habitat for coastal flora and fauna. Endangered sea turtles have 
benefited from wide beaches restored by beach nourishment along 
the southern U.S. Atlantic coast (Greene 2002). Beach nourishment 
is sometimes accomplished through beneficial use of dredged mate-
rial excavated from harbors and channels for the sake of navigation 
improvement. 

A compelling advantage of beach nourishment is its natural appear-
ance and response to shoreline processes. Changes wrought by a 

Open-cell sheetpile wall

Cook Inlet

Figure 5-3. Rigtenders Dock at Nikiski, Alaska, prior to 2004 beach 
nourishment. After 2004, the beach nourishment protected 
the sheet-pile wall on the dock’s north (right) side, where 
longshore sediment transport is blocked by the dock 
structure. Photo provided by PND Engineers, Inc.
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the influence of wave action until it reaches an equilibrium profile (NRC 
1995). Some critics believe the resulting adjusted fill profile is steeper 
than the pre-nourished profile. They contend that the steeper profile 
encourages more rapid erosion, which requires renourishment at ever 
increasing intervals (Pilkey and Dixon 1996). 

Beach nourishment projects have the potential to severely impact 
important cultural resources. Onshore or offshore borrow excavations 
can damage or destroy archaeological sites, such as shipwrecks and 
prehistoric locations of interest. Coordination with state historic pres-
ervation officials is necessary for compliance with the National Historic 
Preservation Act of 1966. 

The biological impacts that beach nourishment projects may have 
on flora and fauna include diminished reproductive success, reduction 
in biomass of prey food items, and long-term changes at sites where fill 
material is excavated. The Atlantic States Marine Fisheries Commission 
is concerned about the effect that offshore dredging for fill material for 
beach nourishment projects may have on fish habitat (Greene 2002). 
Some areas may have accumulated contaminants in offshore areas oth-
erwise attractive as borrow sites. Short-term environmental impacts 
associated with removing material from offshore sources appear to be 
no worse than natural disruptions caused major storms (NRC 1995). 

Despite disadvantages, beach nourishment has become the preferred 
alternative to combat beach erosion in the United States, Australia, and 
Europe (NRC 1995). Table 5-1 outlines objectives, criteria, and measures 
for performance of successful beach nourishment projects. Site-specific 
objectives and criteria for success should be defined by early public 
interaction of prospective stakeholders in a proposed beach nourish-
ment project. The criteria of Table 5-1 allow objective appraisal of real 
benefits from proposed beach nourishment projects. 

Beach Nourishment Design
Once beach nourishment is selected as the primary response to coastal 
erosion, project boundaries and a preliminary configuration must be 
determined. Quantitative knowledge of the project’s physical setting is 
critical for good design decisions (USACE 2008). Characteristics of the 
littoral system in which the project lies should be defined early in the 
design process, including effects of structures already present within 
the littoral system. A current survey of the beach and nearshore under-
water area is important for initial design. The variety of sediments on 
the beach and beneath the surf zone should be assessed. Determining 
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islands and spits. These sites are protected from open coast wave 
action, but may lie in habitats that are sensitive to disturbance. Material 
from these sources can be too fine-grained for effective beach fill. 
Coarser, more suitable material may be found in back-barrier deposits 
associated with active or relic inlets (USACE 2008). 

Creation and maintenance of navigation channels, ports, and harbors 
often requires excavation and disposal of large quantities of sediment 
that may be highly suitable for beach fill. Productive use of dredge 
material from a navigation project is desirable, since a disposal site 
for dredged material from navigation projects must always be found. 
Costs of excavation, transport, and placement may be shared by the 
two projects, if the material is suitable and increased transport and 
placement costs don’t exceed other options for the beach fill project. 
Dredged material from higher energy areas, such as rivers and shoals 
in coastal inlets, is more desirable fill than material from low energy 
environments, such as protected estuaries and bays.

Beach fill is initially placed in a trapezoidal cross-section, which 
is rapidly modified by contact with tides and waves (Figure 5-4). Fill 
placement often does not extend beyond the intertidal beach (USACE 

Figure 5-5. Beach fill placement by hydraulic dredge. U.S. Army Corps of 
Engineers photo.
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2008), particularly if placed with conventional mechanical equipment. 
Hydraulic placement is more accommodating to underwater placement. 
Following initial adjustment, a minimum beach width is desired for 
dissipation of wave energy and recreation or subsistence purposes. A 
berm at the upper limit of the fill may also be constructed for added 
wave and flooding protection. 

A portion of the fill material, consisting of grains smaller than those 
of the native beach material, will soon be lost offshore by a process 
called “winnowing.” The Coastal Engineering Manual (USACE 2008) 
describes a method to calculate an overfill factor to account for this 
early loss of material, based on comparison of fill and native sediment 
grain size distributions. The volume of fill initially placed must include 
an extra amount to account for winnowing. 

Lateral spreading losses must also be estimated as the rate at which 
fill material is transported out of the project limits in the longshore 
direction. Longshore transport, driven by waves intercepting the coast 
at an angle, is the primary cause of lateral spreading (USACE 2008). 
Figure 5-6 illustrates lateral spreading of a beach fill project. Coastal 
structures that exist within the project limits may complicate estimation 
of lateral spreading rates. Although lateral spreading represents a loss 
of material to the project area, down-drift beaches may realize benefits. 
This loss ultimately leads to a need for renourishment, so the rate must 
be estimated with care and include allowances for uncertainties.

More sophisticated approaches to beach fill cross-section design and 
estimation of renourishment schedules and volumes require numerical 
modeling of the ambient shoreline processes. As with other constructed 
coastal erosion responses, the services of a licensed professional engi-
neer with specialized training and experience should be applied to 
beach nourishment design.

Costs to build effective beach nourishment projects typically exceed 
the budgets of private property owners. The Flood Control Act of 1936 
authorized federal cost participation for the restoration and protec-
tion of the shoreline of the United States (NRC 1990). Federal policies 
determine the methodology by which project cost sharing, based on an 
evaluation of project costs and benefits, is calculated by the Corps of 
Engineers. Current policy calls for the Corps of Engineers to consider 
both storm damage reduction and recreation enhancement benefits. 
Construction of a cost-shared federal project requires, among other 
things, a determination of federal interest and support by state and 
local cost-sharing partners. Federal interest usually applies to public 
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Beach Groins
Beach groins are narrow structures, essentially fences of rock, wood 
(Figure 5-8), steel, or concrete, built to trap sediment moving along 
the shore within the littoral zone. They have been used for centuries 
to stabilize beaches. Beach groins may be built in groups or as soli-
tary structures. Sediment moving along the beach can be retained by 
impermeable barriers oriented across the beach. Sediment moved 
along the shore by waves is trapped by a rigid barrier constructed in 
its path. Structures built perpendicular to the shoreline across all or 
part of the surf zone will trap sediments on the up-drift side. Sediment 
accumulates in a similar manner at river mouths or other places where 
bathymetric features refract incoming waves and disrupt longshore 
sediment transport capacity. 

Beach material accumulated on the up-drift side of a groin is reori-
ented to more directly face the waves, which in this area reduces wave 
forces moving sediment along the shore (Figure 5-9). When sufficient 
sediment is trapped to reach around the groin’s offshore end, longshore 
sediment transport begins to bypass the groin at a rate reduced from 

Figure 5-8. These wooden crib beach groins were built as a low-cost 
experiment at Ninilchik, Alaska, on Cook Inlet in the late 
1970s. The groins stabilized the upper beach for several 
years, until they were destroyed by winter ice. They were 
submerged only at high tide and did not affect longshore 
sediment transport at mid- to low-tide water levels.







Responses to Coastal Erosion in Alaska in a Changing Climate 91

Figure 5-12. A terminal groin protects a beach nourishment project at 
East Rockaway, New York. U.S. Army Corps of Engineers photo.

Figure 5-11. On Cape Canaveral, Florida, jetties at coastal inlets serving 
as terminal beach groins trap sediment to keep it from 
building shoals in an adjacent navigation channel. U.S. Army 
Corps of Engineers photo.
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CHAPTER6
Permitting Requirements
All of the response options to coastal erosion except for the “do nothing” 
option will require permitting from different local, state, and federal 
agencies. Permits that may be required include the following.

•	City or Borough Land Use or Land Management Permits

•	Alaska Coastal Management Program (ACMP) Coastal Project 
Questionnaire and Certification Statement (prior to 2011)

•	Alaska Department of Environmental Conservation Stormwater 
Discharge Permit

•	Stormwater Pollution Prevention Plan

•	Alaska Department of Fish and Game Permit

•	Alaska Department of Natural Resources Permit

•	U.S. Army Corps of Engineers Clean Water Act Section 404 Permit

•	U.S. Bureau of Land Management Right of Way Permit

•	U.S. Fish and Wildlife Consultation

•	U.S. Coast Guard Permit

•	U.S. Environmental Protection Agency (EPA) National Pollutant 
Discharge Elimination System (NPDES) Permit

•	Federal Aviation Administration Permit

•	Federal Energy Regulatory Commission Permit

•	U.S. Forest Service Permit
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Local Permits
Typically local governing entities (city or borough governments) have 
jurisdiction over setbacks, fill and grading operations, structures, and 
drainage projects. They may require a review and public hearing for 
any action taken to control erosion, especially with regard to potential 
impact to neighboring properties. Local entities may issue a “building 
permit,” or permissions and rights-of-way by other titles for access to 
property by heavy equipment or other local requirements, including 
those related to the applicable Coastal Zone Management Plan (see 
Alaska Coastal Management Program below).

State of Alaska Permits

Alaska Coastal Management Program
The Alaska Coastal Management Program (ACMP) until 2011 was the 
state implementation of the Coastal Zone Management Act of 1972 (see 
http://www.dnr.state.ak.us/acmp). This program aimed to ensure that 
all aspects of a project are considered in a single review and approval 
process. The ACMP required that projects in Alaska’s coastal zone be 
reviewed by coastal resource management professionals and be found 
consistent with the statewide standards of the ACMP. A finding of ACMP 
consistency was required before various agency permits could be issued 
for the project.

Since the Alaska State Legislature, with the approval of the gover-
nor, did not renew the ACMP in 2011, the program has ceased to exist. 
The rearrangement of the ACMP clearinghouse function for regulatory 
actions of other agencies was not defined, as of this writing. Other agen-
cies, certainly those of the federal government, will continue to exercise 
stewardship of public resources in the coastal zone with significant 
public involvement. Coastal residents and others with concerns about 
poorly designed projects causing harm to the Alaska coast will have 
to be more vigilant and proactive for their voices to be heard without 
coordination of the ACMP.

Alaska Department of Environmental Conservation
The Alaska Department of Environmental Conservation (DEC) issues 
permits for stormwater discharge, which may be applicable to erosion 
control projects. They also review the Stormwater Pollution Prevention 
Plan (SWPPP) to ensure it is in compliance with the National Pollutant 
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Discharge Elimination System (NPDES) General Permit for Large and 
Small Construction Activities. A SWPPP is required for all projects that 
disturb an area greater than one acre in size. Information regarding 
the SWPPP can be found at http://cfpub.epa.gov/npdes/stormwater/
swppp.cfm. 

Alaska Department of Fish and Game
The Alaska Department of Fish and Game (ADFG) will review a coastal 
project to ensure that it does not adversely impact any anadromous fish 
streams or other habitats. 

Alaska Department of Natural Resources
The Alaska Department of Natural Resources (DNR) has jurisdiction over 
tidelands below Mean High Water (MHW) extending to a point 3 miles 
offshore. A permit and/or easement may be required for any project 
within this area. Any material dredged or excavated from this area will 
also require a permit and may also require a material sale from DNR. 
The DNR fact sheet that has information for material sales is at http://
www.dnr.state.ak.us/mlw/factsht/material_sites.pdf.

Federal Permits

U.S. Army Corps of Engineers
The U.S. Army Corps of Engineers (USACE) is the main agency involved 
with permitting for constructed coastal erosion response projects. In 
accordance with Section 10 of the River and Harbor Act of 1899, the 
USACE has jurisdiction over the navigable waters of the United States, 
which includes coastal waters subject to tidal action shoreward of the 
Mean High Water (MHW) line and inland waters used or may be used for 
interstate of foreign commerce. In addition, Section 404 of the Clean 
Water Act extends the USACE jurisdiction to include tributaries and wet-
lands adjacent to the navigable waters of the United States. A standard 
USACE permit application form is submitted along with a location and 
description of the project, drawings, schedule, adjacent property own-
ers, adjacent structures, and approvals from other federal, state, and 
local authorities. Information regarding the regulatory program of the 
USACE in Alaska can be found at http://www.poa.usace.army.mil/reg/.

The USACE has adopted a number of General Condition Permits on a 
nationwide basis, also known as Nationwide Permits (NWP). The General 
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Condition Permits are established to reduce paperwork and delay for 
certain activities having minimal impacts. Most of the NWPs require 
notification to the USACE and written verification prior to conducting 
the work. A summary of NWPs can be found at http://www.poa.usace.
army.mil/reg/NWPs/NWP%20Comparison%20Table.pdf. 

U.S. Bureau of Land Management
The U.S. Bureau of Land Management (BLM) requires a Right of Way 
Permit or Land Use Permit to conduct operations on BLM-managed 
federal land. They may also issue a material sale for the acquisition of 
sand, gravel, or rock from BLM land.

U.S. Fish and Wildlife Service
The U.S. Fish and Wildlife Service (USFWS) provides consultation regard-
ing effects to threatened or endangered species under the Endangered 
Species Act of 1973 and regarding effects to fish and wildlife resources 
under the Fish and Wildlife Coordination Act. The USFWS will also issue 
a Letter of Authorization under the Marine Mammal Protection Act for 
the incidental take of marine mammals.

U.S. Coast Guard
The U.S. Coast Guard (USCG) has jurisdiction over the navigable waters 
of the United States. The USCG issues permits for bridge construction, 
private aids to navigation, and hazards to navigation. The Waterways 
Management Division of the 17th U.S. Coast Guard District, located 
in Juneau, administers these permits (see http://www.uscg.mil/d17/
d17%20divisions/dpw/dpw.asp).

U.S. Environmental Protection Agency
The U.S. Environmental Protection Agency (EPA) issues a National 
Pollution Discharge Elimination System (NPDES) Permit under Section 
402, Federal Water Pollution Control Act of 1972, as amended (Clean 
Water Act; 33 USC § 1251) for discharges into waters of the United States.

Federal Aviation Administration
The Federal Aviation Administration (FAA) issues permits for projects 
located near airports or that extend into the flight path of aircraft.
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Federal Regulatory Energy Commission
The Federal Regulatory Energy Commission (FERC) issues permits for 
work that is related to hydroelectric projects, transmission lines, or 
natural gas pipelines, or that will utilize water from a federal dam.

U.S. Forest Service
The U.S. Forest Service (USFS) issues permits for projects located on or 
whose access will cross National Forest land or other land managed by 
the USFS.

Table 6-1 is a checklist provided as an aid to planners. The infor-
mation in Table 6-1 may not be current or complete, so the reader is 
advised to contact all agencies to ensure full permitting compliance for 
any coastal project.
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Concluding Remarks
Alaska has a challenging frontier setting that is the pride of its resi-
dents. Most coastal communities of the state lie in remote subarctic 
and arctic locations without road access. Information on winds, water 
levels, waves, and shoreline processes, if it exists at all, is often of 
short record. Public interest in making these measurements tends to 
follow crises. Growing awareness of climate change issues may help 
justify local, state, and federal investment in useful baseline investiga-
tions and monitoring of climatic conditions at more of Alaska’s coastal 
communities.

Alaska’s shores include a wide diversity of configurations, materi-
als, and exposures to ocean conditions. Each stretch of waterfront is 
unique in its particular combination of these characteristics. Defining 
site-specific shoreline circumstances and the physical cause of coastal 
erosion is an appropriate first step toward erosion responses that will 
serve well and are worth their cost. 

Alternative erosion responses are always possible. A declaration of 
a single good design is suspicious. Low-cost solutions are tempting, 
but prone to early failure. Long-lasting erosion responses cost more. A 
wise choice is more certain if based on advice from qualified and expe-
rienced professionals. Our universities are providing a new generation 
of coastal specialists, but should get public support to keep pace with 
needs of the state.

Conservative structural approaches to shore protection can cover 
uncertainties in knowledge at high cost. Massive rock revetments and 
steel seawalls can do the job of protecting shoreline property, if well 
built, but they may change the shoreline forever. No adverse impact to 
coastal neighbors is a worthy goal. Collaborations of adjacent landown-
ers or community-sponsored coastal erosion responses are typically 
more effective than action by individual property owners. 

While centuries of shore protection efforts have refined designs of 
revetments and seawalls, improvement is always possible. The body of 
research supporting design of shore protection in high tide ranges and 
cold climates is still small. Agency and university research along these 
lines will lead to more affordable and effective designs for Alaska. 

Beach nourishment is comparatively untried in Alaska as a coastal 
erosion response. The few Alaska efforts to date have been clouded by 
logistical pitfalls and limited documentation by which to judge their 
effectiveness. The Alaska Department of Transportation and Public 
Facilities has built several dynamically stable beaches in recent years of 
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material coarser than natural sediments. These projects cost less than 
conventional revetments and appear to serve well without disruption of 
prevailing cycles. The agency is planning research to improve its future 
beach fill and dynamically stable beach designs.

Public awareness of coastal issues and challenges is important. This 
book is meant to contribute toward that end, but more can be done. 
With coastal erosion so often in the news, high school science teachers 
can hope for inspiring students toward science and engineering careers 
as coastal specialists. University programs can also be refined and 
expanded. Programs for the public can be interesting, informative, and 
even exciting. Students and others interested in the coast can contribute 
to the scientific body of knowledge through organized beach observer 
programs. 

The State of Alaska is in a position now to contribute to all these 
means to enhance the future of its coastal resources. Regulatory frame-
works exist that can be streamlined toward more effective stewardship. 

Economic losses are minimal when undeveloped shoreline is changed 
by erosion. Natural processes, left to themselves, do not harm the envi-
ronment or deplete the treasury. Public consent to constrain unwise 
shoreline construction can prevent some broken dreams and costly 
liabilities. Setback lines could be effective in Alaska, applying lessons 
learned in other coastal states. 

A state agency with explicit responsibility for coastal erosion 
responses could provide positive influence as a partner with the fed-
eral government to plan and design response projects whose long-term 
benefits outweigh costs and whose environmental impacts are positive. 
Climate change will only increase concerns for the stability of Alaska’s 
great shoreline, which is longer than that of all the rest of the U.S. 
coastal states. 

The public service of the state and federal governments cannot 
take the place of personal responsibility. Due diligence by prospective 
coastal property owners to investigate the local coastal setting and 
shoreline processes will hopefully prevent poor decisions. The coast 
will always be a risky place to build. The National Flood Insurance 
Program provides one means for individual coastal property owners to 
protect their investments. Uninsured private property in trouble from 
coastal erosion does not default to government aid. When nature takes 
an adverse course toward private property, the first responsibility is 
that of the property owner. 
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Glossary
The following definitions are adapted from the U.S. Army Corps of 
Engineers Coastal Engineering Manual (USACE 2008), the NOAA Tide 
and Current Glossary (NOAA 2000), and common usage.

accretion – accumulation of beach material, often advancing the shoreline 
seaward.

alluvial deposit – material transported and deposited by a river or stream, 
commonly silts, sands, and gravels. 

alluvial fan – a fan-shaped alluvial deposit at the coast, typical of the mouths 
of mountain streams along otherwise steep rocky shores. 

alongshore – parallel to the shoreline; same as longshore.

armor stone or unit – a large rock or concrete block selected or formed to fit 
weight and shape criteria for placement on the outer slope of a revetment 
or breakwater. The unit “armors” the slope beneath against wave attack.

backshore – the zone between the foreshore and the shoreline that is affected 
by waves only during severe storms.

bar – a submerged or partially submerged elongated shoal or mound of sedi-
ment created by wave action or current.

barrier island – long, narrow, low-lying islands running parallel to the main-
land and separated from it by a shallow lagoon. 

bathymetry – comprehensive information on depths and depth trends of a 
water body. Bathymetric information deals with depths and the shape of 
the seafloor.

beach – a zone extending from the low tide line landward to a major change 
in material or form, often defined by the landward reach of storm waves. 

beach fill (nourishment) – placement of fill material, usually sand or gravel, 
on a beach to restore or create habitat, recreational surface, and protec-
tion of landward property.

bench mark – a fixed object or mark used as a reference for a vertical datum. 
A tidal bench mark is a bench mark to which tidal datums are referred. 

berm – a horizontal plateau on the beach or backshore formed by wave action 
or placed as part of a beach nourishment program. 

bluff – a steep cliff-like bank composed primarily of soil.

borrow – sediments excavated from one site to be placed as fill at another site.

breaker zone – a nearshore zone usually parallel to shore where shallow 
depths induce wave breaking; also called the surf zone.

breaking – collapse of a wave, induced at the shore by depths too shallow to 
allow wave form stability.
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breakwater – a structure that provides protection from waves for a harbor or 
reach of shoreline on its landward side.

bulkhead – a structure built to hold the ground behind and sometimes to pro-
tect the land from wave damage.

caisson – a massive chamber placed underwater as a foundation.

cliff – a high, steep bank composed primarily of rock.

coastal zone (legal definition for U.S. Coastal Zone Management) – the coastal 
waters (including the lands therein and thereunder) and the adjacent 
shorelands (including the waters therein and thereunder), strongly influ-
enced by each and in proximity to the shorelines of the several coastal 
states, and includes islands, transitional and intertidal areas, salt 
marshes, wetlands, and beaches. The zone extends, in Great Lakes waters, 
to the international boundary between the United States and Canada and 
in other areas seaward to the outer limit of the U.S. territorial sea. The 
zone extends inland from the shorelines only to the extent necessary to 
control shorelands, the uses of which have a direct and significant impact 
on the coastal waters. Excluded from the coastal zone are lands the use of 
which is by law subject solely to the discretion of or which is held in trust 
by the federal government, its officers, or agents. 

cobble – stone with a diameter between 3 and 10 inches, often rounded.

crest – the highest part of a wave.

cross-shore – directed from the land to the sea or vice-versa.

datum – a base elevation used as a reference from which to measure heights 
or depths. A tidal datum is defined in terms of a specific phase of the 
tide. Tidal datums are local datums and should not be extended from 
one coastal area into another with different coastal characteristics. Tidal 
datums are referenced to fixed points known as (tidal) bench marks. 

deep water – water whose depths are so great that wave behavior is not 
affected; depths greater than half the wavelength.

delta – an alluvial deposit at the mouth of a river or stream. A tidal delta is a 
similar deposit at the mouth of a tidal inlet.

diffraction – reduction of wave height when a wave spreads into the shadow 
zone behind a barrier. 

diurnal – having a period or cycle of approximately one tidal day. A tide is 
diurnal when only one high-water and one low-water occur during a tidal 
day, and the tidal current is diurnal when there is a single flood and single 
ebb period of a reversing current in the tidal day. 

dolos (plural dolosse) – a prefabricated concrete block in a complex geomet-
ric shape weighing up to 20 tons, used in place of large rock as an outer 
armor layer for harbor breakwaters and revetments.

down-drift – predominant direction toward which wave-induced movement of 
littoral materials flow. 

dredging – underwater excavation of sediments.
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ebb – period of time when tide is falling. The associated flow is ebb current, 
typically away from shore or down a tidal river or estuary.

erosion – the wearing away of the land by natural forces.

estuary – a coastal embayment in which fresh river water mixes with saline 
ocean water. Tidal action is the dominant mixing agent in a tidal estuary. 

fetch – the distance over which the wind blows with steady speed and direc-
tion to generate waves. 

filter – intermediate layer of material in a revetment that prevents finer mate-
rial beneath from being washed through the voids of the upper layer.

fjord – a glacier-formed estuary with steep mountainous shores and a 
U-shaped cross-section, usually very deep, but sometimes segmented by 
a shallower transverse moraine. 

flood – (1) Period of time when the tide is rising. The associated flow is flood 
current, typically toward shore or up a tidal river or estuary. (2) Extreme 
high water level caused by flow beyond the capacity of a channel.

foreshore – the lower part of the shore normally wetted and otherwise 
affected by wave action. 

gabion – wire-mesh rectangular basket to hold stones or sandbags, usually 
wired together to form a wall or slope for bank protection against erosion. 

geotextile – a synthetic woven fabric or perforated membrane used as a filter 
to separate soil and rock.

glacial till – unstratified, intermingled sediment of glacial origin consisting of 
unsorted clay, sand, gravel, and boulders. 

groin – narrow man-made structure built perpendicular to the shore to retain 
littoral material on one side.

headland – a point of land or promontory extending out into a body of water.

High Water – the maximum height reached by a rising tide. 

inlet – (1) A short, narrow waterway connecting a bay, lagoon, or similar water 
body with a large parent water body. (2) An arm of the sea (or other water 
body) that is long compared to its width and may extend a considerable 
distance inland. 

intertidal zone – the zone between the Mean Higher High Water and Mean 
Lower Low Water lines or, more usually, the tidelands routinely wetted 
and dried by tidal action.

isostatic rebound – uplift of the earth’s crust in relief from the weight of 
continental glaciers during the last ice age; also called glacial rebound.

jetty – a structure extending into a body of water that is designed to prevent 
shoaling of a channel on one side from littoral materials arriving on the 
other side and to confine and direct the stream or tidal flow. 

lagoon – a shallow water body separated from the sea by a barrier island, spit, 
or reef. 
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leeward – on the downwind side or on the sheltered side of a wave barrier.

liquefaction – the condition of quicksand and other soil when friction 
between grains is ineffective and the soil behaves as a liquid.

littoral – of or pertaining to the coastal zone influenced by wave action.

littoral cell – a reach of coast that is substantially isolated by headlands, 
inlets, or submarine canyons from the adjacent coast in terms of sedi-
ment sources and sinks. 

littoral drift – longshore sediment transport induced by waves breaking in a 
prevailing direction.

littoral zone – the strip along the shoreline that is influenced by wave action.

longshore – parallel to and near the shoreline; same as alongshore. 

longshore current – current in the breaker zone moving essentially paral-
lel to the shoreline and usually caused by waves breaking at an angle to 
shore. 

longshore transport – movement of littoral material parallel to the shoreline. 
The longshore transport rate is usually expressed in cubic yards per year.

Low Water (LW) – the minimum elevation reached by a falling tide. 

Mean High Water (MHW) – a tidal datum. The average of all the High Water 
heights observed over the National Tidal Datum Epoch. For stations with 
shorter series, simultaneous observational comparisons are made with a 
control tide station in order to derive the equivalent datum of the National 
Tidal Datum Epoch. 

Mean Higher High Water (MHHW) – a tidal datum. The average of the Higher 
High Water height of each tidal day observed over the National Tidal 
Datum Epoch. For stations with shorter series, simultaneous observa-
tional comparisons are made with a control tide station in order to derive 
the equivalent datum of the National Tidal Datum Epoch. 

Mean Lower Low Water (MLLW) – a tidal datum. The average of the Lower Low 
Water heights of each tidal day observed over the National Tidal Datum 
Epoch. For stations with shorter series, simultaneous observational com-
parisons are made with a control tide station in order to derive the equiv-
alent datum of the National Tidal Datum Epoch. 

Mean Sea Level (MSL) – a tidal datum. The arithmetic average of hourly 
heights observed over the National Tidal Datum Epoch. Shorter series are 
specified in the name, e.g., monthly Mean Sea Level and yearly Mean Sea 
Level. 

Mean Tide Level (MTL) – the arithmetic average of Mean High Water and Mean 
Low Water; may be different from Mean Sea Level (MSL).

moraine – an accumulation of rocks and sediments deposited by a glacier, 
usually in the form of a mound or ridge. 
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National Tidal Datum Epoch – the specific 19-year period adopted by the 
National Ocean Service as the official time segment over which tide obser-
vations are taken and reduced to obtain mean values (e.g., Mean Lower 
Low Water) for tidal datums. It is necessary for standardization because of 
periodic and apparent secular trends in sea level. It is reviewed annually 
for possible revision and must be actively considered for revision every 
25 years. 

nautical charts – maps of the seafloor and shoreline, published by NOAA, 
primarily for use by mariners; definitions of symbols and conventions 
on nautical charts are published by NOAA in the book Chart No. 1 (NOAA 
1997).

nearshore – (1) In beach terminology, an indefinite zone extending seaward 
from the shoreline well beyond the breaker zone. (2) The zone that 
extends from the swash zone to the position marking the start of the off-
shore zone, typically at water depths of 60 feet. 

offshore – in the direction away from land toward the open sea; in deep water, 
well beyond the surf zone.

onshore – in the direction toward land away from the open sea.

overtopping – passing of water over a structure from wave runup or surge 
action. 

permafrost – permanently frozen soil, underlying a layer of soil that freezes 
and thaws with the seasons. Seasonal layers deepen as permafrost melts 
due to global warming. Permafrost composed of silt and clay soil grains 
with high water content is prone to subside on melting as liquid water 
flows away leaving a weak soil matrix behind.

permeability – the property of a material to permit passage of water through 
its pores.

plunging breaker – a breaking wave whose crest curls forward to form a tube, 
much favored by surfers.

pocket beach – a small beach between two shore barriers.

quarrystone – large rocks from a quarry.

range (of tide) – the difference in height between consecutive high and low 
waters. The mean range is the difference in height between Mean High 
Water (MHW) and Mean Low Water (MLW). The diurnal range is the differ-
ence in height between Mean Higher High Water (MHHW) and Mean Lower 
Low Water (MLLW). 

reef – offshore consolidated rock that is a hazard to navigation, with a least 
depth of 60 feet (10 fathoms) or less.

refraction (of water waves) – the process by which the direction of a wave 
moving in shallow water at an angle to the contours is changed. Part of 
the wave advancing in shallower water moves more slowly than the part 
still advancing in deeper water, causing the wave crest to bend toward 
alignment with the underwater contours.
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revetment – facing of stone, concrete, etc., built to protect a scarp, embank-
ment, or shore structure against erosion by waves or currents. 

riprap – a protective layer or facing of quarry stone, usually well graded 
within a wide size limit, randomly placed to prevent erosion, scour, or 
sloughing of an embankment or bluff; also the stone so used. The quarry 
stone is placed in a layer at least twice the thickness of the 50 percent 
size, or 1.25 times the thickness of the largest size stone in the gradation. 

runup – the rush of water up a structure or beach upon the breaking of a 
wave. Amount of runup is the vertical height above Still Water Level (SWL) 
that the rush of water reaches. 

salt marsh – a wetland periodically flooded by salt water.

sand – coarse grained soil, usually composed of quartz but may be calcareous 
reef debris or shell fragments. Grain size is between silt and gravel (0.074 
mm to 4.75 mm).

scour – removal of underwater material by waves or currents, especially at the 
base or toe of a shore structure. 

seawall – a structure, often composed of concrete or stone, built along a por-
tion of a coast to prevent erosion and other damage from wave action. 
Often built as a bulkhead to retain earth against its landward face. 

sediment – (1) Loose fragments of rocks, minerals, or organic material trans-
ported from their source for varying distances and deposited by air, wind, 
ice, and/or water. (2) Material that is precipitated from the overlying water 
or forms chemically in place. Sediment includes all the unconsolidated 
materials on the seafloor. 

sediment budget – an application of the principle of conservation of mass 
that involves estimating influx and discharge of sediment from a control 
volume, such as a littoral cell. The difference results in either accumula-
tion or loss (erosion) of sediment within the littoral cell. This systematic 
approach to understanding coastal trends leads to well-informed choices 
among coastal erosion response alternatives.

sediment transport – the main agencies by which sedimentary materials are 
moved are gravity, running water (rivers and streams), ice (glaciers and 
pack ice), wind, and the sea (currents and longshore drift).

setback (line) – a prescribed distance from Mean High Water, typically estab-
lished by a governing body to regulate nearshore construction.

shallow water – water of such a depth that surface waves are noticeably 
affected by bottom topography; usually depths less than half the surface 
wavelength. 

sheet pile – pile made of steel or aluminum, with a flat Z-shaped cross-sec-
tion, driven into the ground or seabed and meshed or interlocked with 
like members to form a wall or bulkhead. 

shingle – any beach material coarser than ordinary gravel, especially flat 
shaped. 



Responses to Coastal Erosion in Alaska in a Changing Climate 111

shoal – (1) (noun) A detached area of any material except rock or coral in 
which the water depths over it are a danger to surface navigation. (2) 
(verb) To become shallow gradually. (3) To cause to become shallow. (4) To 
proceed from a greater to a lesser depth of water. 

shoaling – with regard to wave behavior, changes induced by increasingly 
shallow depths less than half the wavelength.

shoreline (coastline) – the intersection of the land with the water surface. 
The shoreline shown on charts represents the line of contact between the 
land and a selected water elevation, usually Mean High Water.

sill – a low offshore barrier structure whose crest is usually submerged. Fjords 
often have one or more sills formed by submerged moraines.

silt – fine-grained soil that exhibits low plasticity characteristics with a grain 
size smaller than 0.074 mm.

sink – a place where sediments are permanently lost from the littoral zone, 
such as a submarine canyon, in the mass-balance context used in this 
book.

slope – degree of inclination to the horizontal, usually expressed as a ratio, 
such as 1:25 indicating one unit rise in 25 units horizontal distance, or in 
degrees from horizontal.

spilling breaker – a breaking wave with foamy collapse of the crest down the 
oncoming face of the wave.

spit – a small point of land or a narrow shoal projecting into a body of water 
from the shore. 

spring tides (tidal currents) – tides of increased range or tidal currents of 
increased speed occurring semimonthly as the result of the moon being 
new or full. 

Still Water Level (SWL) – elevation that the surface of the water would assume 
if all wave action were absent. 

storm surge – a departure from a normal elevation of the sea due to the piling 
up of water against a coast by strong winds such as those accompanying a 
hurricane or other intense storm. Reduced atmospheric pressure contrib-
utes to the departure in height during hurricanes and intense extratropi-
cal storms. 

surf – breaking waves. 

surf zone – the band of water along the shore in which waves are breaking.

swell – wind-generated waves traveling out of their generating area. Swell 
characteristically exhibits a more regular and longer period, and has flat-
ter crests than waves within their fetch. 

tidal current – a horizontal movement of the water caused by gravitational 
interactions between the sun, moon, and earth and the associated move-
ment of the ocean manifested in the vertical rise and fall called tide. 
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tidal flats – marshy or muddy areas covered and uncovered by the rise and 
fall of the tide. 

tide or tides – the periodic rise and fall of the water resulting from gravita-
tional interactions between the sun, moon, and earth. 

tidelands – area of the shore covered and uncovered by tidal water level fluc-
tuations. As applied to define land ownership, the zone between the Mean 
High Water and Mean Low Water lines. 

toe – lowest part of an embankment, breakwater, or slope.

tombolo – a sand or gravel bar connecting an island with the mainland or 
another island.

trough – the lowest part of a wave.

tsunami – a shallow-water wave, potentially catastrophic, caused by an under-
water earthquake or volcano. 

unconsolidated – a condition of sediments in which grains are loose, sepa-
rate, and unattached to one another. 

undercutting – erosion of material at the foot of a cliff or bank. Ultimately, the 
resulting overhang collapses and the process is repeated. 

uplands – land above the Mean High Water line that can be privately owned, as 
distinguished from tidelands, usually owned by the state.

wale(r) – a horizontal beam on a bulkhead used to laterally transfer loads 
against the structure and hold it in a straight alignment. 

wattling – rows of stakes interwoven with branches or other pliant material.

wave – an undulation of the surface of a liquid. 

wave crest – highest part of a wave.

wave direction – direction from which a wave approaches. 

wave height – vertical distance between the wave crest and the preceding 
wave trough.

wave period – time for two successive wave crests to pass a fixed point. 

wave steepness – the ratio of wave height to wavelength.

wave trough – lowest part of a wave between successive wave crests.

wavelength – the horizontal distance between two successive wave crests.

wetlands – lands whose saturation with water is the dominant factor deter-
mining the nature of soil development and the types of plant and animal 
communities that live in the soil and on its surface. 

windward – the direction from which the wind is blowing.
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