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Introduction
The goals of this project were to develop and distribute decision-support tools to help
various stakeholders make better decisions about shore zone infrastructure to be built or
managed along the Hudson River. (By “infrastructure”, I mean built structures such as
bulkheads, sills, and revetments, as well as enhancements to such structures such as planted
vegetation.) Specifically, I proposed to (i) construct an expert-systems key, available to anyone
with internet access, that would guide users towards the best choices for various physical settings
and applications, as well as a simpler dichotomous key; (ii) develop a series of fact sheets that
briefly describe the strengths and weaknesses of various types of shore zone infrastructure,
especially regarding their ecological functioning; and (iii) write a small brochure on “Ten
questions to ask when choosing shoreline infrastructure”. I believed that this series of products
could assist a wide range of stakeholders to make better decisions about building and managing
infrastructure along the Hudson’s shorelines.
I found that I was able to achieve only some of these goals. I was able to produce the fact
sheets and “Ten questions” brochure, which are included here as Appendices C and B,
respectively. The “Ten questions” brochure is also supplied in pdf form as a formatted brochure.
However, I have little confidence in the ability of the keys to assist untrained users in reaching
good decisions about shoreline infrastructure. In fact, I am afraid that uncritical use of these keys
by naïve users, without the assistance of expert engineers, architects, and ecologists, is likely to
result in poor decisions. I have come to believe that decisions about shoreline infrastructure and
management necessarily involve so much expert knowledge and assessment of individual site
characteristics that it is unrealistic to expect a naïve user with a simple key to reliably come to
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good decisions. In the end, I decided not to complete or release the draft dichotomous keys or
expert systems keys.

3

Appendix B: Ten Questions to Ask When Building Defenses to Protect Hudson River
Shorelines
Shore zones (the area near the shore, on both the land and water sides) are valuable for both
people and nature. People use shore zones for all kinds of recreation – hiking, swimming,
fishing, hunting, boating, bird-watching, and contemplation – as well as building houses,
marinas, roads, sewage treatment plants, and other infrastructure. Shore zones also are often vital
habitat for fish, shellfish, wildlife, birds, and plants, and can perform important ecological
services (water purification, erosion protection) for people.
People often build shore defenses like bulkheads, revetments, levees, and breakwaters to protect
shore zones against erosion and flooding, or improve them for specific human uses. In the past,
these typically were built without regard to their ecological effects, and often caused serious
ecological damage. We now realize that careful design, construction, and management of shore
defenses can both meet human needs and protect (or even enhance) habitat for the species that
share shore zones with us.
The following questions are designed to help you choose the best kind of shore defenses (if any)
for your site. They are intended to open and guide your discussions with engineers, landscape
architects, and regulators who will work with you. Of course, this is just a beginning. Good
sources of more detailed information to help you choose the right treatment for your site are the
Hudson River Sustainable Shorelines Project website and New Jersey’s “Living Shorelines
Engineering Guidelines”. And always keep in mind that your best choice may be to build no
structure at all.

Depending on how shore zones are managed, they can provide few (left) or many (right)
ecological benefits (photo credit: David Strayer)
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1.

How strong are the physical forces acting on your shoreline?

The strength of physical forces from waves, wakes, currents, ice, and floating debris determines
whether defenses are likely to survive, and whether they are necessary. In general, you have
more options at sites where physical forces are mild. Be sure to think about the strength of
physical forces not just on a fine summer day, but during severe storms and when the water level
is higher – during a flood or after years of sea-level rise. During high water, waves, ice, and
debris may be able to reach and damage areas that are usually dry. You can get a general idea
about the strength of physical forces at your site here.

Ice is one of the physical forces that can damage Hudson River shorelines (photo credit:
HRNERR)
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2.

How quickly is the shoreline eroding?

Sites that are eroding rapidly often need to be treated differently from sites that are eroding
slowly or are stable. You can assess how badly your shoreline has been eroding by looking at
historical photographs (e.g., at Google Earth or Historic Aerials) or by using this useful webpage
to help you interpret the condition of your shoreline.

A shoreline that is eroding rapidly (© Peter Turner and licensed for reuse under
creativecommons.org/licenses/by-sa/2.0)
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3.

What do people use the site for?

Human uses of the site and nearby properties are critically important for choosing the best
shoreline treatment. Is there valuable infrastructure on the site? Do large boats need to have
deepwater access? Will people need to get to the water’s edge to swim or fish? Is the site used
mainly for hiking and bird-watching? Would occasional flooding completely ruin the planned
uses of the site, or just be a mild inconvenience? Sites that can tolerate some erosion and
flooding (e.g., a park) will benefit from different shoreline protection than sites with valuable
and sensitive infrastructure (e.g., sewage treatment plant). Is there enough room to build
anything that you’d like, or do current or planned uses in and around the site limit the size of
possible designs? And because many kinds of shore defenses have visual and physical impacts
(e.g., erosion) on nearby sites, it is important to consider current and future uses in the
neighborhood as well. Be sure that your choice fits the planned uses of your site, and does not
harm your neighbors.

People use this site for fishing, so access to the water’s edge is important, and occasional
flooding probably is not (photo credit: NYSDEC)
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4.

What does Mother Nature use the site for?

Shoreline habitats are among the most valuable habitats on the planet, and often are heavily used
by fish, birds, wildlife, plants, and other species. Unless you know otherwise, it is best to assume
that shoreline habitats are ecologically valuable, and can be preserved or enhanced by careful
management or damaged by careless treatment. Many shoreline sites have exceptional natural
value, in the form of special habitats such as submerged plant beds or wetlands, or rare plants
and animals. Before you get very far into the planning process, it is worth checking whether
there are special habitats nearby (e.g., beds of submerged plants or wetlands), or if any rare or
protected plants or animals live on or near the site (information available at the New York
Natural Heritage Program).

Well-managed shore zones provide valuable habitats for many plants and animals (photo credit:
David Strayer)
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5.

What are elevations on the land side and depths on the water side at your site?

Flat sites and steep sites are suited to different uses – try playing baseball on a hillside or docking
a boat in ankle-deep water! They also are suited to different kinds of shore defenses. In
particular, many shoreline treatments are suited only for gradual slopes, and may fail if used on
steep slopes. On the other hand, defenses like bulkheads that are useful on steep sites may be
overkill when used on flatter sites.

Steep sites with little room to maneuver and flat, open sites require very different treatments
(photo credit: David Strayer)
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6.

How will sea-level rise affect the intended uses of the site?

Ocean tides and water levels reach up the Hudson all the way to Troy, so sites all along the river
will be flooded by rising sea level. No one knows exactly how fast or how far sea level is going
to rise, but water levels are going to come up by feet, not inches (you can see estimates for the
Hudson here, and map projected flooding from sea-level rise along the Hudson here). There is no
use spending a lot of money today for a site use and shoreline treatment that will be ruined by
rising water tomorrow. Think carefully about how rising water might affect use of your site and
effectiveness of your shoreline treatment, and whether your defenses can be adapted to deal with
rising waters.

Rising water levels will flood many riverside properties, especially during storms (photo credit:
Scenic Hudson)
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7.

Where along the river is your site?

Environmental conditions vary a lot along the course of the Hudson, so shoreline treatments that
are very good for New York City may not perform well in Albany, and vice versa. Here are three
specific considerations. First, ice is common upriver, where it frequently damages shoreline
structures and vegetation, and is less common and severe downriver. Second, the climate is so
much milder in New York City (USDA zone 7) that many plants that thrive there will be killed
by severe winters in Albany (USDA zone 5b-6a). Third, although the river is fresh water north of
Newburgh, it becomes increasingly salty moving downriver to New York City. Species like
oysters and cordgrass need some salt and will die in fresh water, while other species need fresh
water and will die in salty water. As a result, any plans that involve plants and animals (like
planting or restoration) will need to consider the position of the site along the river.

Winters are much warmer in New York City than in Albany (map credit: Cornell Cooperative
Extension)
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8.

What kinds of soils are on the site?

The soils along the Hudson vary widely in their ability to resist erosion, support structures, and
maintain plants. It is therefore important to determine the nature of the soils on the site, and
match the site plan to the capabilities of the soils (especially their soil bearing capacity and
ability to support plants). Soils often vary over short distances, so it may be necessary to take
samples from several places across the project site. It may be possible to bring in or improve
soils to make them more suitable for plants.

Muddy, sandy, and rocky soils have different abilities to support vegetation and infrastructure
(photo credit: Cary Institute of Ecosystem Studies)
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9.

Will you inspect and repair the structure regularly?

Shoreline defenses that are not inspected and repaired regularly are prone to costly failure (as
shown by studies of storm effects on shore defenses along the Hudson). Try to design your
structure so that it can be inspected regularly (at least after every major storm) and repaired if it
is damaged, and be sure to budget for inspections and repairs. It’s tempting to ignore these costs,
but doing so may bring grief later (you know what happens when you don’t keep up with
inspections and repairs on your car, and a failed shoreline defense can cost a lot more than a bad
starter). And be very careful about design and construction if you can’t easily monitor the
performance of structures.

Storms can damage shore defenses, leading to erosion and even loss of the structure (photo
credit: U.S. Fish and Wildlife Service)
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10.

Is the structure you’re planning legal for your site?

Many activities in the shore zone, including building new structures, require permits from
federal, state, or local authorities. Be sure that the structure you have in mind is permissible
(keeping in mind that structures that are legal elsewhere may not be permitted along the
Hudson). You can save yourself a lot of trouble by getting in touch with your permitting agency
early in the planning process.
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Appendix C: Fact Sheets for Shore Zone Infrastructure
BULKHEADS

(photo from Cary Institute of Ecosystem Studies)
Definition. A bulkhead is a vertical wall that is built along the shore to retain soil and prevent
shore erosion. Bulkheads can be built to a wide range of designs (gravity bulkheads, cantilevered
bulkheads, anchored bulkheads), and made out of many kinds of materials (including steel,
concrete, wood, vinyl, and aluminum).
Typical applications. Sheltered to moderately exposed shores, especially where a vertical wall
is required.
Strengths. Bulkheads can be useful over a wide range of conditions, including moderately
exposed shores. They are widely used, so their performance and design characteristics are well
known. Many designs and materials may be used, depending on use and site characteristics.
Bulkheads are effective in preventing erosion and soil loss on the land side, and allowing
deepwater access to the shore for boats. Maintenance costs typically are low. Bulkheads can be
used on steep shorelines or where space is limited.
Weaknesses. Bulkheads are sometimes used at sites where they are not needed. From an
engineering standpoint, bulkheads can be fairly expensive, and they are not easy to modify, for
example to accommodate rising water levels. They can encourage erosion offshore or at the ends
of the bulkhead, and can fail if overtopped. Many people object to the appearance of bulkheads.
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They can keep people from getting into the water, and may present safety issues (risk of falling
into the water). Bulkheads are among the least ecologically beneficial of any common shoreline
treatment. They offer little cover for animals, and the high physical forces and scouring off the
face of a bulkhead discourage colonization or use of this area by aquatic plants and animals. The
sheer face of the bulkhead makes it hard for animals (and people!) to move between the land and
the water, and prevents wrack and driftwood from accumulating on the shore, thus denying
animals food, shelter, and resting sites.
Possible ecological enhancements. The ecological value of bulkheads on the land side can be
increased by planting useful shrubs and trees, rather than a mowed lawn. On the water side, no
effective enhancements for bulkheads can be recommended at this point. Several enhancements
(roughening the surface of the bulkhead, adding crevices or shelters) have received limited
experimental tests. Some of these enhancements may have value in salt water, but nothing has
yet been shown to be valuable in fresh water. It is possible protecting the toe of the bulkhead
with stone may provide some ecological value, but this has not been tested. Future research is
needed before any enhancements to the water side of bulkheads can confidently be
recommended.
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REVETMENTS

(photo from Cary Institute of Ecosystem Studies)
Definition. Revetments are sloping structures along the shore built of materials that resist
erosion (large stone or concrete, for instance). They typically are deliberately engineered, and
consist of an underlying filter layer and a toe as well as the visible surface armor layer (e.g., the
large stones).
Typical applications. Sheltered to moderately exposed shores, depending on design and
materials. Very widely used.
Strengths. The strengths and weaknesses of revetments depend on what kind of material is used
to build the revetment. In our area, many revetments are built of large stone, as pictured above.
Such revetments are very resistant to erosion and damage from waves, ice, and runoff, and
reduce the reflection wave energy back into the water. Furthermore, because of their physical
complexity, with many crevices and hiding places, they provide better ecological value than
many other kinds of engineered shorelines.
Weaknesses. Some kinds are revetments (e.g., those built of small stone or improvised from
sandbags, tires, or broken concrete) are too weak to withstand forces at sites exposed to strong
currents, waves, and ice. Poor design may lead to erosion at the ends of the revetment. Smoothfaced revetments may reflect waves and cause problems offshore, as well as providing poor
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habitat for plants and animals. Revetments built from artificial materials (e.g., concrete blocks)
may be less attractive and provide poorer ecological value than those built out of local, natural
materials (stone). Revetments take up more space than vertical defenses such as bulkheads.
Some kinds of revetments (e.g., bare rip-rap) can be visually unappealing. If the revetment is
rough or steep, it may be difficult for people to get across the revetment to the water, unless you
provide passage.
Possible ecological enhancements. Depending on the setting and the material used to build the
revetment, it may be possible to plant vegetation on the revetment (e.g., joint planting) or
roughen smooth revetments by adding crevices, pools, or projections. The costs, durability, and
engineering and ecological consequences of such enhancements have not yet been adequately
tested.
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RIPRAP-PROTECTED SLOPES

(photo from USDA 1996)
Definition. A shore that is armored by covering an existing slope with material that resists
erosion, typically stone, cobble, or broken concrete. Superficially similar to a revetment, but
usually without as much engineering design and site preparation (grading, provision of
underlying filter layers or a stone toe), and often using smaller stone.
Typical applications. Similar to revetments, but typically on sites exposed to milder physical
forces (waves, currents, wakes, ice, debris). Widely used.
Strengths. Less costly than a revetment. The strengths and weaknesses of riprap-protected
slopes depend on what kind of material is used to armor the slope, and the extent to which the
site is modified (e.g., grading, provision of a stone toe at the base of the slope). If properly
designed and built, resistant to erosion from waves, ice, and runoff. If the armor layer is
physically complex, with many crevices and hiding places, it can provide habitat for plants and
animals, and reduce wave reflection.
Weaknesses. If the armor stone is too small, or a sturdy toe has not been provided, the armored
slope may not stand up to the forces at the site, and may erode or slump. It is therefore important
to inspect riprap-protected slopes regularly and after storms. May encourage erosion at the ends
of the armored area. This treatment takes up more space than vertical defenses such as
bulkheads. Can be visually unappealing, depending on what material is used for the armor layer
and whether it is vegetated. If the armored slope is rough or steep, it may be difficult for people
to get to the water, unless you provide passage.
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Possible ecological enhancements. Depending on the setting, the uses of the site, and the
material used to armor the slope, it may be possible to plant vegetation on the slope (e.g., joint
planting). This could improve the visual appearance and ecological value of the slope. The costs,
durability, and engineering and ecological consequences of such an enhancement have not yet
been widely tested.
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CRIB WALLS (including live crib walls)

(photo credit: Cary Institute of Ecosystem Studies; diagram from Iowa Department of Natural
Resources)
Definition. A crib wall is a type of a bulkhead that is basically a large box built of interlocking
timbers and back-filled with stone. Crib walls sometimes are built using precast concrete or
plastic as structural members. Crib walls are also called “timber cribbing” or “rock cribs”. A
“live crib wall” is a variation of the classic crib wall in which vegetation and soil are
incorporated into the structure of the crib wall to provide strength and improve ecological
functioning.

21

Typical applications. Suitable for shores subject to mild to moderate waves, wakes, and
currents. Not suitable for sites where bed erosion might undermine the structure, or where a wall
higher than 7-8 feet is required. Old, crib walls in disrepair are common along the northern part
of the Hudson estuary (see photo).
Strengths. Crib walls are readily built from widely available materials, and are suitable for a
wide range of sites, including steep slopes. Can be a little more attractive and ecologically useful
than smooth bulkheads, especially if their front face is stepped back rather than vertical – they
can provide a little habitat in and among the stones and timbers. Ecological enhancements are
possible.
Weaknesses. Crib walls can be damaged or fail as a result of ice damage, undercutting, or
excessive lateral forces, and so need to be inspected regularly, and repaired as necessary.
Damaged crib walls and debris arising from them can be a safety hazard. Crib walls are basically
vertical walls like bulkheads, and have many of the same disadvantages: they can be unsightly,
reflect wave energy, provide poor habitat onshore and immediately offshore, and prevent people
from getting to the water.
Possible ecological enhancements. Live crib walls, in which soil and cuttings of shrubs are
nterlayered with stone (at least on the upper parts of the wall), are coming into wider use. They
have the potential to improve the appearance and habitat value of crib walls, reduce wave
reflection, and strengthen the structure. The ecological and engineering performance of live crib
walls are not yet well known, but they are worth considering as an enhancement to traditional
crib walls.
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LEVEES (DIKES)

(photo credit: Wikipedia)
Definition. Levees (dikes) are large earthen embankments that prevent floodwaters from
reaching the area behind the levee. Unlike most of the other treatments discussed here, levees are
intended primarily to prevent flooding, rather than to protect shores from physical forces and
erosion. If the face of a levee is exposed to strong physical forces from waves, currents, or ice, it
must be protected using some other shoreline treatment (e.g., riprap).
Typical applications. Used when valuable infrastructure or property on the floodplain must be
kept from flooding.
Strengths. Other than from moving sensitive infrastructure out of the floodplain, levees are the
most effective way to protect infrastructure from floodwaters. They have been widely used for a
long time, so a lot is known about how to design and build levees well.
Weaknesses. Levees often require additional protection against erosion from the water, and can
fail catastrophically if overtopped. If they are high, levees can be expensive because of the large
amount of material that must be moved. By preventing large areas behind the levee from
flooding, they can make flooding worse at other sites. Because they disconnect the floodplain
from the river or lake, they can cause very severe, far-reaching, and long-lasting ecological
damage.
Possible ecological enhancements. The main ecological damages caused by levees
(disconnection of the floodplain from the river, prevention of flooding of areas that normally
flood) are caused by the central function of the levee (prevention of flooding) and so cannot
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easily be mitigated using minor enhancements. Indeed, the difficulty in reducing the ecological
damage caused by levees is an important weakness. However, depending on the design of the
levee and the nature of infrastructure and property on the floodplain, it may be possible in some
cases to open gates in the levee to allow limited flooding and connectivity at moderate water
levels, while closing the gates to prevent flooding at higher water levels. In some situations, it
may be possible to plant vegetation on the levee itself to improve the habitat value of the levee
itself. However, this must be done in consultation with an engineer to ensure that the vegetation
does not compromise the integrity of the levee. If the levee is protected by structures such as
riprap, strategies discussed in other sections can be used to enhance the ecological performance
of these protective structures.
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VEGETATED GEOGRIDS

(illustrations in this section from Iowa State University)
Definition
A vegetated geogrid is a terraced wall built of layers of soil and stone wrapped in synthetic or
natural erosion-control fabric, with live branch cuttings placed between the layers. These cuttings
then root and develop into shrubs that help to protect the shore.
Typical applications. Vegetated geogrids have been used most often on stream banks, where
they can withstand light to moderate physical forces. They can be used on steep slopes where
there isn’t room for a more sloping treatment.
Strengths. Vegetated geogrids appear to be adaptable to a wide range of sites, including steep
slopes and sites with moderately strong waves and currents. Once the vegetation begins to grow,
vegetated geogrids have a natural, pleasing appearance. They probably offer good habitat to
plants and animals, and high levels of ecological function (e.g., nutrient removal).
Weaknesses. Construction can be complicated and often has high labor costs. Unless access
points are provided, vegetated geogrids may limit shoreline access for people. May be damaged
if subjected to severe storms before the vegetation is well established, so regular inspection and
repair is essential. Not yet widely tested in the Hudson.
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Possible ecological enhancements. Vegetated geogrids are a “green” approach, so they don’t
need to be enhanced.

A vegetated geogrid immediately after construction (above), and 2 years later (below).
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BRUSH MATTRESSES

(illustrations in this section from Allen and Fischenich, 2000)
Definition. A brush mattress is a layer of interwoven living woody cuttings staked into a slope
and often stabilized with a toe of stone or bundles of living branches (“live fascine”). The live
cuttings sprout and root into the slope, stabilizing the bank and providing habitat for plants and
animals.
Typical applications. Brush mattresses typically are used on moderate slopes along streams or
lakes with stable water levels (so that the vegetation has access to water but is not submerged for
long periods of time). They can withstand moderate waves and currents, but can be badly
damaged by ice, especially before the vegetation is well established.
Strengths. Once established, brush mattresses have a natural, pleasing appearance. They
probably provide good habitat for many plants and animals, as well as good ecological function
(e.g., preventing pollutants that run off the land from reaching the water).
Weaknesses. Brush mattresses are labor-intensive to build, so they can be expensive. They are
vulnerable to damage before the vegetation is well established. The toe and ends of brush
mattresses can be susceptible to erosion unless they are well protected (e.g., by stone). Brush
mattresses may fail to establish on sites with fluctuating water levels, and are not well suited to
steep or shaded shorelines. Not yet widely tested along the Hudson.
Possible ecological enhancements. Brush mattresses are a “green” approach, so they don’t need
to be enhanced.
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A brush mattress immediately after construction (above) and 2 years later (below)
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FIBER ROLLS

(diagram from US Army Corps of Engineers (http://library.waterresources.us/docs/MMDL/ECO/MM_Description.cfm?ID=8)
Definition. Fiber rolls are long rolls, usually 1-2’ in diameter, made of the tough fibers of
coconut husks (coir), straw, or excelsior. They are staked into place in a trench dug parallel to the
shore, usually near the annual high-water mark. Shore plants often are planted in and upslope of
the roll. As the fiber roll decays (typically 5-15 years) the planted and volunteer vegetation that
grows on and behind the roll stabilizes the shore. Multiple fiber rolls sometimes are set at
different elevations along the shore to increase protection against erosion. Fiber rolls trap
sediment as well as protecting the shore against erosion.
Typical applications. Fiber rolls usually are used along shores with moderate slopes, little or no
ice, light to moderate waves and currents, and enough light to allow vegetation to grow well.
Strengths. Fiber rolls are flexible, so they can be laid to fit the curves of the shoreline. They can
be installed with relatively little disturbance to the shore, sometimes using volunteer labor, and
are aesthetically and ecologically preferable to many harder treatments. The fiber itself is natural
and biodegradable. Plants can grow in the fiber roll, providing beauty and ecological value, and
stabilizing the slope as the fiber decays. Fiber rolls do not block access by people to the water.
Weaknesses. Materials can be expensive. Fiber rolls are prone to damage by ice, floating debris,
large waves, and strong currents, and may need to be protected on the water side by stone or
shell bags. They are not well suited to steep slopes (horizontal:vertical less than 3). The fiber
decays after a few years, so shoreline protection can be lost if sufficient vegetation does not grow
on and around the roll. Vegetation may not grow well on shaded sites. Fiber rolls have not been
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widely tested in the Hudson, although they were used to stabilize the shoreline at Foundry Cove
near Cold Spring.
Possible ecological enhancements. Vegetation to stabilize the shore or provide wildlife habitat
can be planted in and upslope of the fiber roll. Otherwise, fiber rolls are regarded as a “green”
approach, so they don’t need to be enhanced.
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GROINS AND STREAM BARBS

Groins (above) and a stream barb made of brush (photos from Wikipedia and NRCS)
Definition. Groins (or “wing dikes”) are sills or dikes that project out from the shoreline. They
are usually built in groups of three or more. Commonly, their goal is to protect the shore from
erosive longshore currents and provide an area of slow current in which fine sediments (e.g.,
beach sand) may settle, building a shelf and further protecting the shore from waves and erosion.
In this case, groins are typically built perpendicular to the shore. Alternatively, groins can be
built with their outer ends angled downstream in flowing water to direct current towards the
shore and provide deep water adjacent to the shore. Stream barbs are small groins, intended to be
overtopped during high water. Groins and barbs may be built out of stone, concrete, solid earth,
timber, or brush, depending on the setting.
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Typical applications. Groins are widely used in the ocean, large lakes, and navigable rivers.
Depending on their design and materials, they can be used even in very exposed situations.
Stream barbs are increasingly used to manage erosion in smaller streams.
Strengths. Groins have been widely used for a long time, so their design and engineering
performance are well known. They are adaptable to a wide range of settings, and usually have
low maintenance costs (although they should be inspected regularly). They don’t impede human
access to the water. They create a wide range of habitats (as seen in the photos), and so
encourage ecological diversity.
Weaknesses. Groins and barbs depend on having an adequate sediment supply, and can cause
erosion downstream. Some people think that groins are ugly, and they may be a hazard to boats.
Because they require filling in the water, they destroy underwater habitat, and may not be
permitted in some places. Not likely to be widely useful on the Hudson.
Possible ecological enhancements. The surface of the groin itself may be roughened or
provided with holes or crevices to provide better habitat for plants and animals. Groins may be
built out of materials that encourage vegetation to grow (e.g., by providing patches of good soil
on the groin’s surface), or be actively planted with desirable plants.
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SILLS AND BREAKWATERS

Breakwater (above) and sill (below); photos from Wikipedia and the Center for Coastal
Resources Management
Definition. Breakwaters are offshore structures, usually built parallel to shore, that protect the
nearshore area and shoreline from waves and wakes. Breakwaters usually are made of rock,
concrete, or wood, and may be continuous or contain gaps. A sill is a special kind of a
breakwater, usually built very near shore and low enough to be overtopped at high water. In
marine zones, oysters or mussels sometimes are used to make living breakwaters or sills.
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Typical applications. Breakwaters are widely used on exposed shorelines (e.g., ocean, Great
Lakes). Sills are increasingly being used in more sheltered situations, especially to protect or
restore wetlands or other vulnerable shoreline habitats.
Strengths. When built properly, breakwaters can withstand strong wave forces, and usually
require little maintenance, although they should be inspected regularly. The breakwater itself
provides habitat for fish and other animals. The protected area between the structure and the
shore may accumulate sediment, and be valuable habitat for plants and animals that require calm
conditions (see photo). Large breakwaters can be unsightly, but sills often are low enough that
they do not affect the appearance of the shore.
Weaknesses. Breakwaters can be expensive to build, depending on their size and the materials
used. They don’t necessarily protect against longshore currents. Breakwaters and sills will be
ineffective if deeply submerged during storms or floods, and expensive to raise in elevation to
deal with rising water levels. They can cause scour and erosion in adjacent areas, and can be a
hazard to navigation. Large breakwaters can be unsightly. Breakwaters and sills require in-water
fill, which may not be permitted in some areas. They may foster nuisance species that are
adapted to rocky shores, which would not otherwise live along sandy or muddy shores.
Possible ecological enhancements. Smooth breakwaters can be roughened to provide better
habitat. Sills often are regarded as a “green” or ecologically enhanced method to protect
shorelines. If wetland vegetation does not occur naturally behind a newly constructed sill, it can
be planted there.

34

WAVE SCREENS AND FLOATING BREAKWATERS

Wave screen (above) and floating breakwater (below). Photos from TMS Maritime and
Wikipedia
Definition. These are various kinds of structures that are placed offshore to absorb or reflect
wave energy before it reaches the shore. Wave screens are basically slatted fences made of wood
(or occasionally steel or concrete) built parallel to shore that allow water to flow through them,
but reflect much of incoming wave energy. Floating breakwaters can resemble floating docks,
and are designed to absorb wave energy. They can be made of various materials, including wood
or plastic.
Typical applications. These structures are built where wave or wake action is substantial, and
where shorelines or nearshore uses (e.g., marinas) can be harmed by wave action. They are built
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only in places where there is sufficient space in front of the shoreline, and where the structures
don’t interfere with uses of the shore and nearshore zone.
Strengths. The costs of construction and repair often are modest. These structures are easily
adapted to changes in water level, and allow fish and wildlife to move through and around the
structures. The relatively calm area between the structure and the shore may be valuable habitat
for plants and animals. They could be used for temporary protection of newly planted shorelines.
Weaknesses. These structures are subject to damage from floating debris, ice, and ships, and do
not reduce currents impinging on the shore. They require regular inspection and may need to be
repaired. They can interfere with some uses of the shore and nearshore areas, and some people
think these structures are ugly. Almost no information is available about the ecological effects of
these structures, or how modifications in their design might affect ecological performance.
Possible ecological enhancements. I have not seen any suggestions for or tests of ecological
enhancements of these structures. It seems likely that some possible enhancements (attaching
devices that would provide underwater cover) would harm the engineering performance of these
structures, so I advise caution.
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FOR MORE INFORMATION
The Hudson River Sustainable Shorelines website (https://www.hrnerr.org/hudson-riversustainable-shorelines/ ). A wealth of information about many aspects of shore zones and their
management, all of it free.
Allen, H.H., and J.C. Fischenich. 2000. Brush mattresses for streambank erosion control.
EMRRP Technical Notes Collection (TN EMRRP-SR-23), U.S. Army Engineer Research and
Development Center (http://el.erdc.usace.army.mil/elpubs/pdf/sr23.pdf). Discusses brush
mattresses in detail.
Hudson Shoreline Demonstration Site Network (https://www.hrnerr.org/hudson-riversustainable-shorelines/demonstration-site-network/). Showcases innovative approaches that are
in use up and down the Hudson.
Iowa Department of Natural Resources. 2006. How to control streambank erosion.
http://www.ctre.iastate.edu/erosion/manuals/streambank_erosion.pdf. A nice description of many
of the techniques discussed here.
Miller, J.K., A. Rella, A. Williams, and E. Sproule. 2016. Living shorelines engineering
guidelines. http://www.nj.gov/dep/cmp/docs/living-shorelines-engineering-guidelines-final.pdf
Engineering considerations for many of the approaches discussed here.
New York Department of Environmental Conservation. 2016. Construction stormwater toolbox.
http://www.dec.ny.gov/chemical/8694.html Useful information on managing runoff and erosion.
Northwest Regional Planning Commission. The shoreline stabilization handbook for Lake
Champlain and other inland lakes. http://nsgd.gso.uri.edu/lcsg/lcsgh04001.pdf.
Rella, A.J., and J.K. Miller. 2012. Engineered approaches for limiting erosion along sheltered
shorelines: a review of existing methods. https://www.hrnerr.org/doc/?doc=240189605 Much more
detail about the shoreline treatments that are discussed here, as well as other approaches.
Strayer, D.L., L. Tumblety, and others. 2015. Managing shore zones for ecological benefits.
https://www.hrnerr.org/doc/?doc=273743856 Practical advice about enhancing shorelines for
ecological benefits.
U.S. Army Corps of Engineers. 2002. Coastal engineering manual, parts I-VI + appendix. EM1110-2-1100.
http://www.publications.usace.army.mil/USACEPublications/EngineerManuals.aspx?udt_43544
_param_page=4. Technical engineering details about many of the approaches discussed here.
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10
QUESTIONS

to Ask When Building Defenses to
Protect Hudson River Shorelines

Photo: Center for Coastal Resources Management

(Photo: HRSSP)

Depending on how shore zones are managed, they can provide few or many ecological benefits.

Importance of shore zones
Shore zones (the area near the shore, on both the land and water sides) are valuable for both
people and nature. People use shore zones for all kinds of recreation – hiking, swimming, fishing,
hunting, boating, bird-watching, and contemplation – as well as building houses, marinas, roads,
sewage treatment plants, and other infrastructure. Shore zones also are often vital habitat for
fish, shellfish, wildlife, birds, and plants, and can perform important ecological services (water
purification, erosion protection) for people.
People often build shore defenses like bulkheads, revetments, levees, and breakwaters to protect
shore zones against erosion and flooding, or improve them for specific human uses. In the past,
these typically were built without regard to their ecological effects, and often caused serious
ecological damage. We now realize that careful design, construction, and management of shore
defenses can both meet human needs and protect (or even enhance) habitat for the species that
share shore zones with us.
The following questions are designed to help you choose the right kind of shore defenses (if any)
for your site. They are intended to open and guide your discussions with engineers, landscape
architects, and regulators who will work with you. Of course, this is just a beginning.
And always keep in mind that your best choice may be to build no structure at all.

10 Questions to Ask When Building Defenses to Protect Hudson River Shorelines

(Photo: Dave Strayer)

RESOURCES

to help you choose the right treatment for your site:

Hudson River Sustainable Shorelines Project
www.hrnerr.org/hudson-river-sustainable-shorelines
New Jersey’s “Living Shorelines Engineering Guidelines”
www.state.nj.us/dep/cmp/docs/living-shorelines-engineering-guidelines-final.pdf

1. How strong are the physical forces
acting on your shoreline?

The strength of physical forces from waves, wakes, currents, ice, and floating
debris determines whether defenses are likely to survive, and whether they are
necessary. In general, you have more options at sites where physical forces are
mild. Be sure to think about the strength of physical forces not just on a fine
summer day, but during severe storms and when the water level is higher –
during a flood or after years of sea-level rise. During high water, waves,
ice, and debris may be able to reach and damage areas that are usually
dry. You can use the link below to get a general idea about the strength of
physical forces.

web resources:
Spatial Information for Designing a Shoreline
www.hrnerr.org/hudson-river-sustainable-shorelines/spatial-informationdesigning-shoreline

Ice is one of the physical forces that can damage Hudson River shorelines.
(Photo: HRNERR)

2. How quickly is the shoreline eroding?
Sites that are eroding rapidly often need to be treated differently from sites
that are eroding slowly or are stable. You can assess how badly your shoreline
has been eroding by looking at historical photographs (e.g., at Google Earth
or Historic Aerials) or by using “Is Your Shoreline Eroding?” to help you
interpret the condition of your shoreline.

web resources:
Google Earth
www.google.com/earth
Historical Aerials
www.historicaerials.com
Is Your Shoreline Eroding?
www.hrnerr.org/hudson-river-sustainable-shorelines/shorelines-engineering/
shoreline-eroding

A shoreline that is eroding rapidly. (Photo: Peter Turner)

3. What do people use the site for?
Human uses of the site and nearby properties are critically important for
choosing the best shoreline treatment. Is there valuable infrastructure on the
site? Do large boats need to have deepwater access? Will people need to get to
the water’s edge to swim or fish? Is the site used mainly for hiking and birdwatching? Would occasional flooding completely ruin the planned uses of the
site, or just be a mild inconvenience?
Sites that can tolerate some erosion and flooding (e.g., a park) will benefit
from different shoreline protection than sites with valuable and sensitive
infrastructure (e.g., sewage treatment plant). Is there enough room to build
anything that you’d like, or do current or planned uses in and around the site
limit the size of possible designs? And because many kinds of shore defenses
have visual and physical impacts (e.g., erosion) on nearby sites, it is important
to consider current and future uses in the neighborhood as well. Be sure
that your choice fits the planned uses of your site, and does not harm your
neighbors.

People use this site for fishing, so access to the water’s edge is important, and occasional
flooding probably is not. (Photo: DEC)

4. What does Mother Nature use the

5. What are elevations on the land side

Shoreline habitats are among the most valuable habitats on the planet,
and often are heavily used by fish, birds, wildlife, plants, and other species.
Unless you know otherwise, it is best to assume that shoreline habitats
are ecologically valuable, and can be preserved or enhanced by careful
management or damaged by careless treatment. Many shoreline sites have
exceptional natural value, in the form of special habitats such as submerged
plant beds or wetlands, or rare plants and animals. Before you get very far
into the planning process, it is worth checking whether there are special
habitats nearby (e.g., beds of submerged plants or wetlands), or if any rare or
protected plants or animals live on or near the site.

Flat sites and steep sites are suited to different uses – try playing baseball
on a hillside or docking a boat in ankle-deep water! They also are suited to
different kinds of shore defenses. In particular, many shoreline treatments
are suited only for gradual slopes, and may fail if used on steep slopes. On
the other hand, defenses like bulkheads that are useful on steep sites may be
overkill when used on flatter sites.

site for?

and depths on the water side at your site?

web resources:
Aquatic Habitats of the Hudson River Estuary (submerged vegetation)
www.dec.ny.gov/lands/87297.html
Hudson Valley Natural Resource Mapper (wetlands)
hudson.dnr.cals.cornell.edu/mapper
Natural Heritage Data (rare plants and animals)
www.dec.ny.gov/animals/31181.html

Well-managed shore zones provide valuable habitats for many plants and animals. (Photo:
Dave Strayer)

Steep sites with little room to maneuver and flat, open sites require very different treatment.
(Photos: Dave Strayer)

6. How will sea-level rise affect the

7. Where along the river is your site?

intended uses of the site?

Ocean tides and water levels reach up the Hudson all the way to Troy, so sites
all along the river will be flooded by rising sea level. No one knows exactly
how fast or how far sea level is going to rise, but water levels are going to
come up by feet, not inches (you can see estimates for the Hudson at the
web sites listed below, and map projected flooding from sea-level rise along
the Hudson). There is no use spending a lot of money today for a site use
and shoreline treatment that will be ruined by rising water tomorrow. Think
carefully about how rising water might affect use of your site and effectiveness
of your shoreline treatment, and whether your defenses can be adapted to deal
with rising waters.

Environmental conditions vary a lot along the course of the Hudson, so
shoreline treatments that are very good for New York City may not perform
well in Albany, and vice versa. Here are three things to consider. First, ice
is common upriver, where it frequently damages shoreline structures and
vegetation, and is less common and severe downriver. Second, the climate is
so much milder in New York City (USDA zone 7) that many plants that thrive
there will be killed by severe winters in Albany (zone 5b-6a). Third, although
the river is fresh water north of Newburgh, it becomes increasingly salty
moving downriver to New York City. Species like oysters and cordgrass need
some salt and will die in fresh water, while other species need fresh water and
will die in salty water. As a result, any plans that involve plants and animals will
need to consider the position of the site along the river.

web resources:
NYS Sea-Level Rise Projections
www.hrnerr.org/14125.html
Sea Level Rise Mapper
scenichudson.org/slr/mapper

Rising water levels will flood many riverside properties, especially during storms. (Photo:
Scenic Hudson)

Winters are much warmer in New York City than in Albany. (Map: Cornell Cooperative
Extension)

8. What kinds of soils are on the site?
The soils along the Hudson vary widely in their ability to resist erosion,
support structures, and maintain plants. It is therefore important to determine
the nature of the soils on the site, and match the site plan to the capabilities of
the soils (especially their soil bearing capacity and ability to support plants).
Soils often vary over short distances, so it may be necessary to take samples
from several places across the project site. It may be possible to bring in or
improve soils to make them more suitable for plants.

Muddy, sandy, and rocky soils have different abilities to support vegetation and
infrastructure. (Photos: Cary Institute of Ecosystem Studies)

9. Will you inspect and repair the

10. Is the structure you’re planning legal

Shoreline defenses that are not inspected and repaired regularly are prone to
costly failure (as shown by studies of storm effects on shore defenses along the
Hudson; visit the links below for details). Try to design your structure so that
it can be inspected regularly (at least after every major storm) and repaired if it
is damaged, and be sure to budget for inspections and repairs. It’s tempting to
ignore these costs, but doing so may bring grief later (you know what happens
when you don’t keep up with inspections and repairs on your car, and a failed
shoreline defense can cost a lot more than a bad starter). And be very careful
about design and construction if you can’t easily monitor the performance
of structures.

Many activities in the shore zone, including building new structures, require
permits from federal, state, or local authorities. Be sure that the structure
you have in mind is permissible (keeping in mind that structures that are legal
elsewhere may not be permitted along the Hudson).You can save yourself a
lot of trouble by getting in touch with your permitting agency early in the
planning process.

structure regularly?

for your site?

web resources:
An Analysis of Shorelines Following Three Historic Storms
www.hrnerr.org/shorelinesforensicanalysis

Storms can damage shore defenses, leading to erosion and even loss of the structure. (Photo:
U.S. Fish and Wildlife Service)

Understanding permit requirements early in the planning process can prevent later problems.

The “Hudson River Sustainable Shorelines Project” is a joint project of the Hudson River National Estuarine Research Reserve (HRNERR) and its partners. It is
supported by National Oceanic and Atmospheric Administration (NOAA) and National Estuarine Research Reserve (NERR) Science Collaborative. Preparation of
this brochure was supported by a grant from the Hudson River Foundation.
Visit our website at:
www.hrnerr.org/hudson-river-sustainable-shorelines

