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1. Breakwaters are
designed to avoid
critical habitat and
integrate micro-
complexity for a
diversity of species.
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LIVING BREAKWATERS
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ABSTRACT

How can we connect citizens more directly with their
immediate environment? How can we anticipate rising

sea levels and increasingly intense storms, but also revive
waterbodies, and connect people to the shore? Living
Breakwaters is an innovative coastal green infrastructure
project that was selected as one of the winning projects of the
U.S. Department of Housing and Urban Development (HUD)
Rebuild by Design competition that aims to answer these
questions. The project is being implemented by the New York
State Governor’s Office of Storm Recovery with 60 million USD
of Community Development Block Grant Disaster Recovery
(CDBG-DR) funding. Planned for the Raritan Bay and Staten
Island, Living Breakwaters links in-water infrastructure with
on-shore education and outreach, to help reduce risk, enhance
ecosystems and foster stewardship.

KEY WORDS

Ecological Design; Risk Reduction; Coastal Infrastructure;
Civic Engagement; Waterfront; Resiliency
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LOCATION:

Tottenville, Staten Island, New York

AREA (SIZE):

2.5 miles

CLIENT:

NYS Governor’s Office of Storm Recovery
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SCAPE Landscape Architecture DPC

COST ITEM:

60 million USD
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Redefining coastal
resiliency

Toward an Urban Ecology,
by Kate Orff, SCAPE.

The project will include
Living Breakwaters
(ecologically enhanced
breakwaters that create
habitat and support oyster
restoration in addition to
attenuating waves), oyster
nurseries, a floating
dock, and a Water Hub for
related programming.
The Living Breakwaters
reduce risk to
communities on shore

by decreasing the height
of storm waves and by
capturing sediment along
the shoreline, reducing
historic shoreline erosion
and widening the beach
over time.
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. The breakwater will

be constructed of
combination of stone
and bio-enhancing
concrete. The outer
armor layer is
specifically designed to
attract marine species
and encourage biogenic
buildup, enhancing the
ecological performance
of the breakwaters.

. The breakwaters are

designed to provide
much needed aquatic
habitat and support
biologic activity,
consistent with existing
regional plans which
identify oyster reeds as
a restoration priority for
this area.
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The intertidal and
subtidal portions of the
breakwater will provide
diverse, complex
structured habitat for
a wide range of aquatic
species including fish,
shellfish, and benthic
invertebrates.

Itis anticipated that
additional habitat will
be generated on the
seafloor surrounding
the breakwaters due to
the halo effect, defined
as the accumulation of
broken shells and other
calcium carbonate
fractions surrounding
marine structures.

Scour Apron, support for
base of the break:
[izsial

Stone gravel ranging from 2.5" to 0.07" -
BRA/N: 0.2~6.4cm
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Programming outreach
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Background

New York City faces a high degree of

uncertainty when planning for future storms.

Staten Island in particular is vulnerable to
climate change threats due to its location
directly at the mouth of the New York Bight.
Extreme storm events, like hurricanes,
and smaller everyday storms erode the
shoreline. The Living Breakwaters reduce
coastal risk by addressing both event-
based and long-term shoreline erosion in
order to preserve or increase beach width
and attenuating storm waves to improve
safety and reduce damage to buildings and
infrastructure. The Living Breakwaters will

also contribute to increasing the diversity of

SWIITE / ML LANDSCAPE ARCHITECTURE FRONTIERS / THEMATIC PRACTICES
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Oyster cultivation
HURFIE

Marine affairs, science
technology (mast) center
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Oyster cultivatio
spat nurseries
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1. Princess BaAoatmen
Association Marina,
Lemon Creek
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club, Great Ki$Ls harbor
2. (UTHERISE/RENEH

BERRFERRE
aquatic habitats in Raritan Bay, particularly e-1.
rocky / hard structured habitat that can 6-2.

function much like the oyster reefs that were
historically found in this area. Finally, the
project will provide programming activities
around education on coastal resilience

and ecosystem stewardship, foster and
encourage community stewardship and
citizen science, and increase physical and
visual access to the water’s edge and near-
shore waters for recreation, education,

research, and stewardship activities.
Civic Engagement

A landscape architecture and urban
design studio based in New York, SCAPE”
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6-1. The green areas
represent the oyster
nurseries in history.

6-2. A painting about
oystering at Prince’s
Bay

7. Oyster restoration
is an important
component of the living
breakwaters project. In
addition to installations
on the breakwaters
themselves, this
includes oyster
cultivation activities
(such as hatching and
remote setting), shell
collection and curing,
and the installation of
oyster nurseries.
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is celebrated not only for its interventions in
public spaces but also for the far-reaching
and meaningful debates it engenders about
the built environment, public sphere, and
social and environmental justice. SCAPE
has expanded landscape architecture

into various forms of activism, creating
projects shaped by collective engagement
and revealing how embedded natural
processes, cycles, and systems can help
shape the cities of the future. The firm’s
new book Toward an Urban Ecology™
describes this approach in detail and
advocates that designers cultivate an ethos
of civic participation by engaging with
infrastructural systems, community groups,
and government to empower all parties to
help change the world. Living Breakwaters
grew out of initial ideas explored by the
SCAPE office in 2009 in a study of the New
York region’s response to climate change

in an exhibit at the Museum of Modern Art
titled Rising Currents. SCAPE’s proposal,
“Oyster-tecture, 2010” reimagined a
revitalized New York Harbor driven by
rethinking ecology in the form of reefs and
dunes as protective infrastructure and
linking to existing social networks to help
regenerate these systems.

This concept was further developed,
modeled, modified, and then further
explored in the context of the the Rebuild by
Design Competition, a design competition
held by the U.S. Department of Housing
and Urban Development (HUD) in 2013
to seek cutting-edge ideas for coastal
resilience in the wake of Hurricane Sandy.
The Competition was a year-long process
during which interdisciplinary design teams
engaged with regional experts, government
entities, elected officials, nongovernmental
organizations, and local community groups
to develop innovative resilience proposals
for some of the most impacted communities
in the region. HUD announced the winning
proposals in June 2014, and Living

Breakwaters was one of the six projects

104

selected for HUD funding. As a result, New
York State was awarded 60 million USD in
Community Development Block Grant —
Disaster Recovery (CDBG-DR) program
funds to implement the project. Living
Breakwaters is being implemented by the
New York State Governor’s Office of Storm

Recovery.

The Layered Approach

Conventional coastal infrastructures
that “protect” inhabitants by erecting
a barrier between people and water,
like levees, ultimately sever our visual
and physical relationship to the shore
and potentially exacerbate the potential
for catastrophic failure in the future.
Breakwaters reduce risk while increasing
awareness of these threats — they do
not keep the water out; rather, they slow
water, reduce wave action, encourage
sedimentation and beach-building, and
serve as a visual reminder to the intensity of
the ocean. Philip Orton tested the strategy
with the ADCIRC / SWAN storm surge
and wave modeling system, showing that
exposed breakwaters would have reduced
wave heights approximately 3 ~ 6 feet during
Superstorm Sandy.

Living Breakwaters is a proposal to
move beyond single-use flood infrastructure,
like levee walls, and focus on a layered
approach to risk reduction, mitigating
the most life-threatening and hazardous
elements of a storm while encouraging
water access and shoreline regeneration
on a daily basis. The project is a replicable
system where the infrastructural “unit of
change” is multipurpose — a necklace of
wave-attenuating breakwaters that reduce
water speeds and slow erosion, designed
for maritime habitat regeneration, and
connected to onshore neighborhoods
through an educational Water Hub and
island-wide school engagement. The Living

Breakwaters system adapted to the entire

8. “HHHRIER ITHLERIK
B EFELEA. HEK
THFNER, SEER
AN, FEE
X 5 R S IR E) R
BRIANSY &5

8.  Engaging issues of
water quality, sea level
rise, and community-
based action, the
Oyster-tecture project
aims to restart a “reef
culture” that fosters
public life near the
water's edge while
mitigating future storm
events.
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South Shore of Staten Island, envisioning
a calmer, safer, and more productive

relationship with water.

Piloting Change

While the entirety of the South Shore
of Staten Island is threatened by coastal
land loss and erosion, it contains distinct
and varied neighborhoods, land uses, and
geophysical conditions. Each reach, or
stretch, of shoreline requires a unique and
adaptive approach. Living Breakwaters
proposes a replicable system, where each
reach is designed to prioritize different
needs of the adjacent community, including
waterfront recreation, beach growth, critical
ecosystem protection, boat access, and
fishing and shellfishing economies.

The project will be located in the waters
of Raritan Bay (Lower New York Harbor)
along the shoreline of Tottenville, Staten
Island. Raritan Bay is a shallow estuary
that has historically supported commercial
fisheries and shellfisheries which have been
depleted through overharvesting and habitat
degradation over the last two centuries.
Similarly, the Tottenville shoreline was
once a vibrant destination for water-based
recreation, but has suffered from high rates
of erosion over the past decades, likely due

in part to the loss of the extensive oyster

LANDSCAPE ARCHITECTURE FRONTIERS / THEMATIC PRACTICES

reefs that once covered much of the bay,
filtering water, enhancing the biodiversity
and quality of the fisheries in the lower
harbor and buffering the south shore from
erosion-causing wave action. This area of
Staten Island experienced significant wave
damage during Superstorm Sandy.

The Raritan Bay and beach experience
remain essential to the identity of Staten
Islanders and their livelihoods. Living
Breakwaters proposes a 4,000 linear

foot long (approx.) system of near-shore
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The harbor as
classroom

. Staten Island Oyster

Gardening Manual
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“breakwaters,” or partially submerged
structures located between 730 and 1,200
feet from shore, designed to attenuate
damaging storm waves, reduce or reverse
long-term coastal erosion, enhance
ecosystems by creating structured marine
habitat currently lacking in the Raritan Bay,
and foster social resilience by encouraging
the use and stewardship of the shoreline

and near-shore waters.

Growing Ecological Resiliency

Raritan Bay is prime habitat for juvenile

fish which grow to adult size in the bay

106

Dune crossing

76

before venturing out into the Atlantic Ocean.
Many of these fish species require rocky
habitat and tiny pore spaces for shelter
during this vulnerable phase of life. The
breakwaters are designed to maximize
complexity and habitat for a diversity of
species, including finfish, lobsters, and
shellfish. Pockets of maximum complexity,
called “reef streets,” mimic the historic reef
habitats of Raritan Bay. Juvenile fish will be
able to hide from predators in the extensions
of ECOncrete and stone and will feed in the
narrow and protected reef streets.
Breakwaters are designed to avoid

critical habitat and integrate micro-
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complexity for a diversity of species. Living
Breakwaters provides habitat throughout
the water column, from subtidal structure
to upland islands. Underwater, small-
scale reef streets are incorporated into
the breakwater and provide foraging and
shelter for juvenile fish. Above water, the
breakwaters can host harbor seals and
nesting birds, again providing habitat away
from predators. Other species, such as
muddy bottom-loving eelgrass and hard
clams, thrive in lightly sedimented zones in

the lee of the breakwater.

A Sanctuary for Spat

Reefs and leased oyster beds once
extended across the shallow-water flats
of Raritan Bay, reducing storm impacts

and filtering water. Historic images show

LANDSCAPE ARCHITECTURE FRONTIERS / THEMATIC PRACTICES

fishermen tonging for oysters in leased
beds along the coast of Mt. Loretto and
Lemon Creek, once a critical economy
of the South Shore. Over time, shellfish
populations declined due to sedimentation,
water contamination, and channel dredging,
though efforts are underway to restore this
keystone species to the harbor.

A rejuvenated oyster population would
help strengthen the reef system, adapt
to climate change and sea level rise
over time, and filter nutrients out of the
water. The breakwaters are a shoreline-
scale experiment to test multiple types
of restoration techniques, proven and
experimental. In New York City, oysters
are considered an attractive nuisance,
as the harbor water is contaminated by
sewage discharges and oysters are not
safe for consumption. To prevent the
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Water Hubs are on-shore
public facilities to house
educational programs,
community stewardship
activities, and science
and monitoring efforts
run by local community
groups.
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illegal harvest of oysters, surveillance

strategies are designed in tandem with
restoration techniques. ECOncrete

units set with oyster spat will catalyze
oyster reef development through time.
ECOncrete is a new material developed
by our partners at SeArc Consulting

that enhances underwater biological
recruitment through surface texture,
concrete composition, and macro-scale
design. As oysters grow, they biogenically
build calcium carbonate deposits,
strengthening and extending the lifespan

of the man-made infrastructure.

108

The Harbor as Classroom

Oysters are ecosystem engineers,
but they are also an educational tool —
enthusiasm for oyster restoration has never
been higher. The Billion Oyster Project is a
long-term initiative linked to this proposal
to restore one billion live oysters to New
York Harbor and train thousands of young
people to restore the ecology and economy
of New York Harbor. As a first, actionable
step, the team created an Oyster Gardening
Manual to help schools use the shoreline

as a classroom. With the help of the Billion
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Extensive data
collection and site
surveys have been
undertaken to better
understand the project
site and be able to
design with nature.
Programming and
education are a critical
part of the Living
Breakwaters project,
enabling residents
and visitors to engage
with the shoreline,
learn about resiliency
initiatives and
ecological restoration
activities, and become
stewards of the harbor.
Public outreach and
engagement of diverse
stakeholder groups
has included not only
public meetings and
Community Advisory
Committee meetings,
but also community
beach walks and clean
ups, tabling at Staten
Island and city-wide
events, an exhibition
at Conference House
Park, and school
outreach programs.
Teacher training
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Oyster Project and the New York Harbor
School, multiple schools in Staten Island
are using the manual to monitor oyster
survival, health, and growth rate throughout
the project area. The manual is a free and
widely distributed pamphlet that extends the
project’s influence far beyond its physical
extents.

Living Breakwaters proposed a network
of visible and programmed physical outdoor
education spaces, called Water Hubs,
which are on-shore public facilities to
house educational programs, community
stewardship activities, and science and
monitoring efforts run by local community
groups. Programming directly supported
by the project includes education on
aquaculture, oyster restoration monitoring,
water quality testing, and general marine
education that will help train potential

project stewards for the future.

Continued Stewardship

Living Breakwaters is equal parts design
strategy and community conversation.
Offshore breakwaters have the power
to rebuild beaches and catalyze reef
ecosystems, creating slower and calmer

water for recreational purposes. On shore,
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community-designed Water Hubs will
provide a physical and perceptual link to the
shore, creating a venue for water education
and shore stewardship. Social, ecological,
and physical resiliency are considered as
equally critical elements of contemporary
coastal infrastructure. Throughout the
development of the project, the SCAPE

team worked with neighbors, clammers,
educators, community advocates, and
shoreline users to revise and develop the
hybrid system. A unique range of pedagogical
tools were developed — including graphics,
shore tours, charrette sessions, and
models — to move past potential reactive
“not-in-my-backyard” conversations and
toward establishing a collective future vision.
Particular attention went towards developing
educational outreach tools for youth, as
Staten Island’s and all New Yorker’s children
will be responsible for shoreline stewardship
of the future. The Living Breakwaters project
reduces risk, revives ecologies, and connects
educators to the shoreline, inspiring a new
generation of harbor stewards and a more

resilient region over time. LAF

REFERENCE

[11  Orff, K. (2016). Toward an Urban Ecology. New York: The
Monacelli Press.

© SCAPE Landscape Architecture DPC

N



