
1 Roundtable: Where to Reinforce, Where to Retreat? | Regional Plan Association | March 2015

Where to Reinforce, 
Where to Retreat?
Fourth Regional Plan Roundtable
March 4, 2015

Roundtable Objective

Identify strategies for resilience for different 
types of communities in the region, includ-
ing strategies for potential retreat from a 
given area.

Key Questions
 ⊲ How should different community types 

in the region become resilient to the 
impacts of climate change, including sea 
level rise, increased flooding from storm 
surge and more frequent and intense 
precipitation and heat island effect?

 ⊲ How and when should communities 
consider the strategy of ‘retreat’ and what 
costs, benefits and impacts should be 
weighed when using this approach?

 ⊲ What can the Fourth Regional Plan do to 
most effectively advance strategic resil-
ience approaches for all of the region’s 
at-risk communities?

Overview:
The New York-New Jersey-Connecticut region is the largest and 
one of the most densely populated in the United States . As the 
impacts of climate change – more frequent and intense storms 
with heavier precipitation, greater incidence of flooding, extreme 
heat and sea level rise – take hold, our communities live with 
more risk today and will live with increasingly more risk into the 
future. The places we live and work and their infrastructure were 
designed and built for the risks of the past, not for those we can 
now expect. Thus, there is an urgent need to adapt our communi-
ties to new levels of resilience.

Perhaps nowhere is this more true than in those places 
that have developed in the floodplains of rivers and along the 
shorelines of our coasts and estuaries, our ‘flood zone’ com-
munities. As Regional Plan Association undertakes its Fourth 
Regional Plan - a once in a generation, long-range strategic plan 
for the region - it is imperative that we consider how and where 
we develop and redevelop to ensure our communities are safer, 
healthier and more livable.

The era of climate change in which we live demands that we 
find ways to strategically modify the built environment to adapt 
to climate impacts – becoming more resilient - through

Rebuilding to better, safer standards; 

Resisting flood waters through engineered solutions; 

Retaining storm and flood waters through green infrastructure; 

Restoring and enhancing protective and pro-
ductive natural systems; and 

Retreating from those flood plains and 
surge zones at greatest risk. 

These ‘Five Rs’ – in concert with wide range of social revitaliza-
tion investments – will comprise the strategies for resilience for 
our region’s communities, from the suburban beach community 
like Milford, Connecticut, or the densely built neighborhoods of 
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Manhattan’s Lower East Side. Understanding the costs, benefits 
and impacts of different spatial approaches to resilience will help 
to determine what strategies work best for which community, 
and how they can be carried out in an effective and equitable 
fashion.

The Challenge: Increasing 
Need for Resilience
Ours is a coastal region where much of our development has 
taken place along the shorelines, estuaries and floodplains of 
our ocean and riverine systems. Today 1.2 million people in the 
region reside in coastal or riverine floodplains. As the impacts 
of climate change – rising sea levels, changes in precipitation 
patterns and more extreme heat – take hold, too many of our 
region’s communities are located in those places at greatest risk 
from these impacts. The types and locations of development and 
infrastructure in these places were not designed for the risks we 
now face.

In recent years resiliency has justifiably received growing 
attention from planners, policy makers and other profession-
als, as Hurricanes Sandy and Irene showed us what happens to 
communities and infrastructure that are not adequately resilient 
against these impacts. Despite the attention and impressive 
efforts of those working towards resiliency, the scale of risk fac-
ing the region means that there is still a great deal of work ahead, 
particularly around flooding from sea level rise, storm surge and 
increased and more intense precipitation.

An estimated 2.2 million people in the region will be at high 
risk of flooding from sea level rise and storm surge by 2050. Cli-
mate impacts also put our critical infrastructure at risk, includ-
ing the possibility that 59% of the region’s power generating 
capacity, 21% of our public housing and four out of the region’s 
six airports, will face inundation in the next few decades.

Mitigating and adapting to climate change-related flooding 
pose broad challenges, including:

 ⊲ A failure to protect or replace the at-risk transportation, 
energy and public health infrastructure upon which the 
region’s economy depends would be devastating.

 ⊲ Too often, socially vulnerable communities are left with a 
greater share of the costs and smaller share of the benefits 
from transformative projects.

 ⊲ Our region already struggles to provide adequate affordable 
housing and climate change will make too many neighbor-
hoods unlivable without intervention, which could continue 
to raise housing costs.

 ⊲ Lower density areas outside the region’s core have fewer 
options because of higher costs and lower benefit per capita.

 ⊲ Efforts to adapt to climate impacts must also assist in miti-
gating the causes of climate change.

 ⊲ We will not be able to address the challenges posed by cli-
mate change and sea level rise without institutional coopera-
tion within and across different scales of governments.

Resilience and Climate 
Change Impacts
For the purposes of the Fourth Regional Plan, RPA defines 
resilience - or resiliency - as the capacity to recover quickly 
from recent shocks and stressors while at the same time 
reducing vulnerabilities to future risk. In other words, a 
resilient community is one that has the ability to respond to 
risk-induced events in the short term along with the where-
withal to reduce the impact of longer term threats. Through 
the lens of climate change, our definition leaves room for 
recovery, adaptation to climate impacts and mitigation of the 
risk factors.

In recent years, resilience has reached a national level of 
concern in the wake of Hurricanes Katrina, Irene and Sandy 
along our coasts, as well as other natural disasters includ-
ing tornadoes, droughts, wildfires and heat waves across the 
country. While not all of these modern day natural disasters 
can be directly linked with climate change, scientists confirm 
that the planet is growing warmer resulting in significant 
changes in our natural systems and weather patterns. The 
summer season is hotter and longer, with extended periods of 
extreme heat. The temperatures of our oceans are increasing, 
expanding in size and melting ice formations at the poles, 
leading to sea level rise. Precipitation patterns are chang-
ing, resulting in heavier downpours and more frequent and 
intense storm events.

In the tri-state metropolitan region, flood risk due to 
climate change takes many forms. Increasingly powerful 
storms pummel coastal structures with wave action, and 
storm surges bring flooding further inland. Heavy rains cause 
riparian flooding along waterways, even in landlocked areas. 
Even without storms, many communities face frequent flood-
ing from normal rainfall. Sea level rise will cause permanent 
inundation in some areas, and expand the current reach of 
storm surge.
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Social Vulnerability and Flood Risk
Social Vulnerability takes into account percentage of census tract under 18 and over 65 years old, below median household income, non-white, non-
English speaking, renters, and in households with no car. 2050 flood zone is a composite of layers to estimate areas at risk to flooding from sea level rise 
and subsequent storm surge by 2050 and riparian flooding. Data Source: US Census Bureau, FEMA, NOAA, The Nature Conservancy
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Developed Land and Flood Risk
Areas of urban development at risk of flooding by 2050 highlighted, all other areas of urban development in muted colors. 2050 flood zone is a composite of layers to estimate ar-
eas at risk to flooding from sea level rise and subsequent storm surge by 2050 and riparian flooding. Data Source: USGS, FEMA, NOAA, The Nature Conservancy
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As climate impacts grow increasingly more threatening, all 
of the communities in harm’s way will need to adapt and become 
more resilient while tackling the existing challenges above.

The Opportunity: RPA’s 
Fourth Regional Plan
The era of climate change in which we live demands that we find 
ways to strategically modify the built environment to adapt to 
climate impacts and reduce the risks faced in too many of our 
region’s communities. As Regional Plan Association undertakes 
its Fourth Regional Plan - a once in a generation, long-range stra-
tegic plan for the New York metropolitan region - it is imperative 
that we consider how and where we develop and redevelop as a 
region over the next fifty years and beyond.

The Fourth Plan will take a comprehensive and long term 
look at the role of resiliency in our region’s development. It will 
offer clear and distinct recommendations to ensure that our 
communities are made safer, healthier and more livable. Today’s 
communities will become more resilient and future communities 
will be developed with reduced risk. Tackling the thorny issues 
around implementing resilience – including the varied impacts, 
costs and benefits of different approaches – will be central to the 
Fourth Plan’s vision.

There are countless ways to dissect the sprawling and com-
plex concept of resiliency in order to better comprehend it. In 
this paper we explore five broad categories of spatial resiliency 
strategies: resist, rebuild, restore, retain, and retreat. These strate-
gies are not mutually exclusive, and most resiliency projects have 
elements of more than one. All five are actively being pursued 
in the New York region. The question of where these strate-
gies should be implemented in the region is one that cannot be 
answered within the scope of this paper, nor without the input of 
local communities and officials that govern them. However, we 
hope to provide a framework for how we decide which 
strategies to employ where.

Simply put, what criteria make any given strategy “right” 
and another “wrong” for any particular place? With the finan-
cial, social and political costs of doing nothing even higher than 
pre-emptive action, how do we make tough decisions and reach 
consensus within and across communities?

The final R, retreat, must inevitably be singled out from the 
other four. Unlike the others, it is not an engineered solution, 
and in some ways imposes costs directly onto those affected. 
It is also often the last tool chosen from the resilience toolbox. 
However, there are many areas in the region where engineered 
strategies are prohibitively expensive, or cannot address the 
particular risks of those communities. Despite the particular 
challenges, integrated and conscientious planning can ease many 
of the burdens for affected communities and municipalities. 
Retreat strategies will have to be implemented in some places, 
and ignoring retreat as an option entirely will limit the opportu-
nities to successfully implement it. How viable and appropriate is 
retreat as a central strategy, and how can it be implemented with 
the least disruption to communities and their residents?

The Approach: The 
Five Rs of Resiliency
While there are countless resiliency strategies, from monumental 
physical structures to intangible local policies, RPA has identi-
fied five categories with which to characterize them. Individual 
strategies often fit multiple categories, but each “R” has charac-
terizations that help in evaluating potential solutions in different 
contexts.

Rebuild

Rebuilding strategies focus not just on building back after a 
disaster, but on techniques to ensure new and existing structures 
are better able to withstand flooding. The outcome of these 
strategies is more resilient development and redevelopment 
in our most at-risk places. Specific strategies include elevating 
structures, “dry floodproofing”—exterior design treatments to 
keep flood water out—and “wet floodproofing”—retrofitting 
structures to allow in water while minimizing damage. Experi-
mental rebuilding strategies have also been proposed, including 
floating and amphibious structures.

These improvements and techniques can be implemented 
voluntarily through incentives or imposed through zoning and 
regulation. Depending on the particular technique, rebuilding 
strategies can be employed across many different development 
types and urban densities. 

Resist

Resistance strategies focus on protection from increasingly haz-
ardous flooding by keeping water out of developed places. These 
mitigation techniques are rooted in engineering and are large in 
scale, ranging from the community level to the truly monumen-
tal. Resist strategies include floodwalls, earthen berms, shoreline 
treatments like bulkheads, revetments, seawalls, levees and beach 
nourishment and in-water treatments like surge barriers. Most of 
these approaches have existed in some form for a long time, and 
have many examples throughout the region, nation or world.

The expense and scale of resist strategies means that they are 
most feasible in places with higher population density, higher 
economic value or higher social vulnerability.

Retain

Retention strategies focus on managing flooding and stormwater 
through a combination of green and gray infrastructure. Water 
is captured and held by these projects, allowing it to percolate to 
the water table, be taken up by vegetation, or held until it can be 
processed by a treatment plant.
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Retention strategies are diverse in scale and function, and 
many are still being developed, including permeable pavement, 
rain gardens and bioswales, green/blue roofs, functional catch-
basins like parking structures designed to flood, engineered 
systems of pumps and holding tanks and functionally designed 
waterfront parks. Despite being new, there are many examples of 
existing retention projects across the New York region, and even 
more planned.

Retention strategies typically involve smaller projects that 
have cumulative effects because of their usefullness in handling 
storm water runoff. They are most frequently used in moderate-
to-high density areas.

Restore

The shrinking or eradication of ecosystems like wetlands, 
marshes and oyster beds throughout much of the region has left 
communities more vulnerable to flooding. Development has 
replaced or diminished natural systems and – along our ocean-
front - has locked in place naturally dynamic barrier beaches 
and dune systems. Restoring and reintegrating natural systems 
is now recognized as a valuable strategy for the resiliency of the 
nearby built environment, and the technology of environmental 
restoration has advanced significantly in recent decades. Restora-
tion strategies include reestablishing dune systems, wetlands, 
oyster reefs and other “living shoreline” systems to mitigate wave 
action. These investments could provide a broad range of envi-
ronmental, wildlife protection and recreational benefits, while 
also improving storm water management and filtering urban 
run-off.

Proposals have been made to build a network of created 
wetlands, oyster beds and other restored environmental systems 
in New York and Boston Harbors. An ambitious program of 
wetland restoration is also underway in New York’s Jamaica Bay. 
Restoration programs could also target areas where there is cur-
rently habitat fragmentation.

Retreat

There are places in the region where mitigation is too costly or 
inadequate in reducing risk, and where other adaptation strate-
gies like elevating structures are also insufficient in effectively 
reducing risk to residents. In these places, residents and busi-
nesses must choose to either relocate to safer areas or face the 
possibility of rebuilding their properties more and more often, or 
even of daily inundation as sea levels rise.

Retreat is understandably the least politically popular 
strategy to date. Unlike the other strategies, the economic, social, 
and political costs of retreat are felt directly by the communi-
ties involved. It is also inevitable, but employing retreat as a 
strategy means planning for the relocation of those at risk before 
it becomes an emergency. Retreat has been tested in the region 
and elsewhere in the form of buyout programs and regulatory 
measures like rolling easements.

Retreat strategies are most feasible in high-risk places where 
engineered solutions are infeasible, and where residents can be 
relocated locally with as little disruption as possible.

Regional Projects, 
Policies & Proposals
Implementing resilience in any given project or policy likely 
involves a combination of strategies including those character-
ized by the Five Rs above. In order to better understand how 
these strategies intersect and to get a sense of the magnitude of 
their different costs, the following section summarizes com-
monly carried out projects, existing policies and recent proposals 
around resilience in our region. The figures presented below are 
rough estimates based on existing programs or proposals. Put-
ting a price tag or exact timeframe on these strategies is nearly 
impossible, but these rough estimates point to clear distinctions 
in how strategies may be employed.

Project/Policy/Proposal Re
bu
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Bay Barriers X

Coastal Barriers, Hard X

Coastal Barriers, Soft X X X

Buyout Programs X

Rolling Easements X X

Building Retrofit, Zoning X

“Resist, Delay, Store, Discharge” X X X

Wetlands Restoration X

Green Infrastructure X X

Living Shorelines X X
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STRATEGY Rebuild  Resist  Retain  Restore  Retreat

Bay Barriers

Cost:

• Location and specific design heavily impact cost

• ARCADIS estimate for surge barrier across 
Verrazano Narrows: $6.5 billion to construct, 
$65 million to maintain annually1

• Halcrow estimate for surge barrier between Sandy 
Hook, NJ and Far Rockaway, NY: $5.9 billion2

Timeframe: Unknown

Scale and Scope: A three monumental barrier system 
to protect the central New York City harbor

To date several storm surge barriers have been proposed as 
protection measures for New York City. One prominent model 
consists of three barriers, located at the Verrazano Narrows, 
the upper end of the East River near Hunts Point, and at Perth 
Amboy. This model has been proposed and evaluated by a 
number of experts including Douglass Hill, Malcolm Bow-
man and M. Hamish Bowman, and discussed at length during 
a 2009 conference convened by the American Society of Civil 
Engineers entitled Against the Deluge: Storm Surge Barriers to 
Protect New York City .3 If constructed, this three bay barrier 
model could reduce the impacts of storm surges for the popula-
tion of the inner New York harbor. A hydrodynamic simulation 
conducted by researchers at the environmental consulting firms 
HydroQual, Inc and MWH suggests that a three barrier model 
reduced the impacts of flooding on the 2000 NYC population 
by 18%.4

1 P. T. M. Dircke, T. H. G. Jongeling, and P. L. M. Jansen. 2012. “A Global Overview of Navigable 
Storm Surge Barriers: Suitable Gate Types for New York from a Dutch Perspective” in Storm Surge 
Barriers to Protect New York City: Against the Deluge. Hill, Douglas, Malcolm j Bowman, and 
Jagtar S. Khinda, eds.
2 Dennis V. Padron and Graeme Forsyth. 2012. “NY/NJ Outer Harbor Gateway” in Storm Surge 
Barriers to Protect New York City: Against the Deluge. Hill, Douglas, Malcolm j Bowman, and 
Jagtar S. Khinda, eds.
3 Douglas Hill, Malcolm j Bowman, and Jagtar S. Khinda, eds. 2012. Storm Surge Barriers to 
Protect New York City: Against the Deluge.
4 Nicholas B. Kim, Brian S. George, and Philip W. Simmons. 2012. “Hydrodynamic/GIS Simula-
tion of Storm Surge Flooding in the NY/NJ Harbor System” in in Storm Surge Barriers to Protect 
New York City: Against the Deluge.

STRATEGY Rebuild  Resist  Retain  Restore  Retreat

Coastal Barriers, HARD

Cost: The US Army Corps estimates structural coastal 
barriers cost $4,800 per square foot to construct5

Timeframe: Varies by design of seawall and length

Scale and Scope: Walls range from several 
hundred feet to a few miles

Coastal barriers such as sea walls, berms and levees have been 
employed across the New York metropolitan region for more 
than a century. For example the sea wall that connects Fayer-
weather Island to the mainland at Bridgeport’s Seaside Park was 
originally constructed in 1911.6 These armoring strategies are a 
prevalent form of shoreline protection; however, they do present 
some key drawbacks. Namely seawalls intercept wave energy and 
can intensify erosion at their bases. There are strategies which 
can lessen the extent of this kind of erosion, such as placing 
rubble at the bottom of the sea wall.7 Hardedge solutions are well 
suited for areas where other wave attenuation techniques and soft 
solutions are not feasible.

5 USACE. 2015. “Table iV-7: NACCS Risk Management Measures Parametric Unit Cost Esti-
mates” North Atlantic Coast Comprehensive Study.
6 Bridgeport Department of Parks and Recreation. 2015. “Seaside Park History.” http://www.
bridgeportct.gov/content/89019/95776/95824.aspx
7 Rosenzweig, Cynthia, William D. Solecki, Reginald Blake, Malcolm Bowman, Craig Faris, 
Vivien Gornitz, Radley Horton, et al. 2011. “Developing Coastal Adaptation to Climate Change 
in the New York City Infrastructure-Shed: Process, Approach, Tools, and Strategies.” Climatic 
Change 106 (1): 93–127.

Wouter de Bruijn (flickr) Chris Amelung (flickr)

http://www.bridgeportct.gov/content/89019/95776/95824.aspx
http://www.bridgeportct.gov/content/89019/95776/95824.aspx
https://www.flickr.com/photos/w00ter/15186590532/in/photolist-ohYPdE-qSRQVa-o3x4jx-pW5C2B-ocCAU2-qSGH5p-dwoJzP-p8ZfgN-p8KGNc-oRx13k-5fd9EV-p1M8vJ
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STRATEGY Rebuild  Resist  Retain  Restore  Retreat

Coastal Barriers, SOFT

Cost:

• Varies greatly by project

• Naturally occurring in some places

• Montauk: 3,100 feet for $8.7 million

Timeframe: Varies by project, construction of the 
Montauk dunes is planned to take four months

Scale and Scope: Deployable over varying distances but 
projects typically focus on critical beach segments

Dune systems can be a powerful force of wave attenuation and 
dissipation and have shown that they can reduce damage caused 
by coastal storms as well as control shoreline erosion. PlaNYC 
2013 highlights the stark difference that the presence of estab-
lished dunes made on the impacts of Hurricane Sandy on the 
Rockaway Peninsula. Beaches with established dunes protected 
the neighborhoods behind them, where as those without them 
did not and neighborhoods suffered more severe damage and 
sand migration.8 While naturally occurring dunes are no longer 
present along all coastal beaches, strategies such as reinforced 
dunes which feature textile-based support structures on their 
interiors have been implemented to mitigate future storms. One 
such project currently being proposed is the Downtown Mon-
tauk Stabilization Project which features a 16.5 foot reinforced 
dune which along with other beach replenishment measures is 
estimated to cost approximately $8.7 million.9

8 PlaNYC. 2013. NYC Special Initiative for Rebuilding and Resiliency. Chapter 16. South Queens.
9 US Army Corps of Engineers New York District. 2014. Downtown Montauk Stabilization Proj-
ect: Cost Appendix. http://www.nan.usace.army.mil/Portals/37/docs/civilworks/projects/ny/coast/
fimp/DM_files/HSLRR/App_G_Downtown Montauk - Cost Appendix.pdf.

STRATEGY Rebuild  Resist  Retain  Restore  Retreat

Buyout Programs/ Voluntary Retreat

Cost:

• Staten Island: 650 parcels for $235.5 million10

• Sayreville: 196 properties for $57.7 million11

• NJ at large: estimated 1,300 homes for $300 million12

Timeframe: Individual programs take several years, 
focusing on a handful of communities at a time

Scale and Scope: To date, has only been applied in a 
few individual communities, but probably scalable

Buyout programs, or the voluntary acquisition of properties with 
a high risk of flooding, have expanded in the New York City 
region since Hurricanes Sandy and Irene. Typically buyout pro-
grams are federally financed and administered by state or local 
agencies, and targeted at specific communities. Because the cost 
of the programs is tied to the cost of land, buyout programs are 
more realistic in low- and medium-density areas.

Riverine flood-prone communities in places like Middlesex 
County and Morris County, New Jersey, and communities with 
coastal flooding in places like Staten Island and Suffolk County 
in New York currently have buyout programs underway.

Voluntary buyout program areas have a risk of so-called 
“checkerboarding,” where a number of property owners decline 
to participate. Community consensus building is therefore 
key. While in some places there is a grassroots-led demand for 
buyouts, in other communities it remains politically unpopular. 
Relocating is immensely challenging for any household, and 
particularly so in socially vulnerable communities, communities 
that are hardest hit by disaster. Buyout programs must be careful 
not to create zones of disinvestment that exacerbate existing 
socio-economic disadvantages. Of great concern to local govern-
ments is the loss of tax revenue if program participants relocate 
outside the current municipality.

10 Virginia N. Sherry. 2014. “$100 million and counting for Staten Island buy-out program” 
SILive.com August 29, 2014. http://www.silive.com/eastshore/index.ssf/2014/08/buy-outs.html
11 Susan Loyer. 2014. “Additional funding awarded for buyouts in Sayreville and Woodbridge” 
MyCentralJersey.com. November 25, 2014. http://www.mycentraljersey.com/story/news/local/
middlesex-county/2014/11/25/sayreville-woodbridge-sandy-buyout-flood-dep-fema/70108964/
12 Erin O’Neill. 2014. “N.J.’s Sandy buyout program closes on 22 homes in Sayreville” NJ.com. 
January 9, 2014. http://www.nj.com/news/index.ssf/2014/01/sandy_buyouts.html

Hector Mosley (flickr) RPA

 http://www.nan.usace.army.mil/Portals/37/docs/civilworks/projects/ny/coast/fimp/DM_files/HSLRR/App_G_Downtown Montauk - Cost Appendix.pdf.
 http://www.nan.usace.army.mil/Portals/37/docs/civilworks/projects/ny/coast/fimp/DM_files/HSLRR/App_G_Downtown Montauk - Cost Appendix.pdf.
http://www.silive.com/eastshore/index.ssf/2014/08/buy-outs.html
http://www.mycentraljersey.com/story/news/local/middlesex-county/2014/11/25/sayreville-woodbridge-sandy-buyout-flood-dep-fema/70108964/
http://www.mycentraljersey.com/story/news/local/middlesex-county/2014/11/25/sayreville-woodbridge-sandy-buyout-flood-dep-fema/70108964/
http://www.nj.com/news/index.ssf/2014/01/sandy_buyouts.html
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STRATEGY Rebuild  Resist  Retain  Restore  Retreat

Rolling Easements

Cost: Low or gradual costs, depending on situation

Timeframe: Gradual, as needed by rising sea levels

Scale and Scope: Properties along coasts are potential 
sites. There are currently no areas in the New York 
metropolitan region with rolling easements.

There are non-voluntary strategies for retreat as well, ranging 
from the extreme (e.g. eminent domain) to the more incre-
mental and realistic, like rolling easements. Rolling easements 
allow public control of land along the coast to migrate inland 
as beaches erode naturally and due to sea level rise. Rolling 
easements prevent the construction of coastal armoring like sea 
walls, and require that permanent structures that find them-
selves within the migrating easement be removed. The strategy’s 
benefits include ensuring the migration of coastal ecosystems as 
the shoreline changes, as well as providing property owners with 
time to adjust to new conditions and plan accordingly.

Rolling easements have been successfully legally challenged 
in places like Texas, and their potential for widespread adoption 
remains unclear despite popularity with experts.

STRATEGY Rebuild  Resist  Retain  Restore  Retreat

Building Retrofit and Zoning Changes

Cost: Individual projects in $10,000 to $100,000 range

Timeframe: Short term, if subsidized

Scale and Scope: Individual property level, 
but must be repeated for many thousands of 
structures to be effective en masse

The most common rebuild strategies include building retrofits 
like flood-proofing and elevating structures. Flood-proofing 
structures fall into two categories, dry and wet. Dry flood-proof-
ing entails making structures water-tight with flood shields, and 
ensuring that ground floors or areas below the determined flood 
elevation are reserved for non-residential uses only. Wet flood-
proofing allow flood water to flow in and back out through flood 
vents. Many existing structures can also be elevated above the 
established flood elevation.

Zoning regulations can ensure that new structures built 
in areas at risk to flooding are constructed with flood-proofing 
features or are elevated. New York State requires a 1-2 foot 
“freeboard”—a buffer above the established base flood elevations 
to which buildings must be flood-proofed.

Funds are typically available for property owners to retrofit 
their structures. Floodproofing and elevating structures at risk 
has been, to date, at the center of New York City’s resiliency 
strategy since Sandy.

Doug Kerr (flickr) WBUR Boston (flickr)
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STRATEGY Rebuild  Resist  Retain  Restore  Retreat

Wetlands Restoration

Cost: Depends on the size of the site, procurement 
of fill sediment, and labor. In Jamaica Bay, 74 acres 
of salt marsh have been restored for at a cost of 
$28.2 million – roughly $380,000 per/acre13

Timeframe: Construction: 1 – 3 years, 
Monitoring and Maintenance: Decades

Scale and Scope: Ranges from less than an acre to 
hundreds of acres. Limited to appropriate edge conditions.

Wetlands can drastically reduce the damaging effects of coastal 
storm surges and riverine flooding by attenuating wave action, 
absorbing floodwater, and slowing surface water flows. Addi-
tionally, wetlands provide a myriad of benefits like sequestering 
carbon, mitigating pollution in stormwater runoff, and provid-
ing critical habitat for various species. Nationally wetlands 
provide and estimated $23.2 billion per year in storm protec-
tion.14 However, in the greater New York metro region, as much 
as 80% of our natural wetlands have been filled, fragmented and 
constrained, which reduces the wetlands natural functions and 
ability to protect against flooding.15

While the effectiveness of wetlands to abate floodwater and 
protect our communities depends on a number of variables, like 
area size, soil saturation, vegetation type, etc., the Environmental 
Protection Agency (EPA) estimates that “one-acre of wetland 
can typically store about three-acre feet of water, or one mil-
lion gallons.”16 Because of this fact all levels of government have 
begun to focus considerable effort on wetland protection and 
restoration in the region, including the City of New York in 
PlaNYC and the EPA and Army Corp. of Engineers through its 
Hudson-Raritan Estuary Comprehensive Restoration Plan.

13 Rafferty, Patricia, JoAnne Castagna, and Doug Adamo. 2011. Building partnerships to restore 
an urban marsh ecosystem at Gateway National Recreation Area. NPS: Park Science. Volume 27, 
Number 3, Winter 2010-2011.
14 Costanza R, Pérez-Maqueo O, Martinez ML, Sutton P, Anderson SJ, Mulder K. 2008. "The 
value of coastal wetlands for hurricane protection". Ambio: A Journal of the Human Environment. 
Jun;37(4):241-8. http://seagrant.noaa.gov/Portals/0/Documents/what_we_do/social_science/
ss_tools_reports/value_hurricane_protection.pdf
15 EPA. 2007. "Northeast National Estuary Program Coastal Condition, New York/New Jersey 
Harbor Estuary Program". National Estuary Program Coastal Condition Report. http://water.epa.
gov/type/oceb/nep/upload/2007_05_09_oceans_nepccr_pdf_nepccr_nepccr_ne_parti.pdf
16 EPA. 2006. "Wetlands: Protecting Life and Property from Flooding". http://water.epa.gov/
type/wetlands/outreach/upload/Flooding.pdf

STRATEGY Rebuild  Resist  Retain  Restore  Retreat

“Resist, Delay, Store, Discharge” Project

Cost: Estimated $27 million17

Timeframe: 20 years

Scale and Scope: A network of green and gray 
infrastructure projects spanning much of Hoboken, NJ

This proposal was created by the design team led by OMA as 
part of the Rebuild by Design competition. The project aims to 
address Hoboken, New Jersey's extreme vulnerability to both 
flash floods caused by storm water runoff as well as storm surge 
events. Its site mitigation of these impacts is critical in Hobo-
ken, where two thirds of the city's land area lies in the FEMA 
100-year flood zone. The project proposes a network of green 
infrastructure projects connected to a system of water storage 
strategies including cisterns and constructed wetlands. These col-
lection and retention systems are then connected to a stormwater 
pump and storm drain, which remove stored water from the 
city and discharge it into the Hudson River. Though ambitious 
in scope, this project is on its way towards implementation and 
hearings have just been completed to solicit public feedback on 
this component of New Jersey’s State Action Plan.18

17 OMA. 2014. Resist-Delay-Store-Discharge: A comprehensive urban water strategy.
18  New Jersey Department of Community Affairs. 2014. Action plan amendment number 12 
substantial amendment for the third allocation of cdbgdr funds: rebuild by design. http://www.
renewjerseystronger.org/wp-content/uploads/2014/12/APA-12-English-RBD-Amendment_FINAL.
pdf

Geneva Wirth (flickr) OMA
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STRATEGY Rebuild  Resist  Retain  Restore  Retreat

Green Infrastructure

Cost: . New York City has committed $2.4 billion in public and 
private funding for a city-wide green infrastructure roll out

Timeframe

• Individual project: 2 months – 1 year

• System-wide rollout: decades

Scale and Scope: Projects can range in scale from individual 
bioswales to large urban parks and function well when 
deployed in a distributed manner at the watershed scale

Urban stormwater runoff is a principle challenge to water pollu-
tion control and cause of water quality impairment. As popula-
tions continue to shift to urban settings, the urban landscape 
continues to be hardened and annual precipitation continues to 
increase, the magnitude of the stormwater problem will continue 
to grow.19 During large storm events, the hard surfaces in urban 
settings can create high water “flows that that can cause erosion 
and flooding in urban streams, damaging habitat, property and 
infrastructure” (EPA).20 Many municipalities in the region are 
increasingly looking to green infrastructure as a cost-effective 
means to address the adverse impacts of stormwater runoff and 
to save on the costs of end-of-the-pipe solutions like pipes, stor-
age takes, and added capacity in waste water treatment plants.

Green infrastructure can be defined as a network of engi-
neered natural infrastructure that uses soil, vegetation and natu-
ral processes to capture, store, and clean stormwater runoff. New 
York City is currently implementing a green infrastructure plan 
that will manage “the equivalent of stormwater generated by one 
inch of precipitation of 10 percent of the impervious surfaces 
citywide in combined sewer areas by 2030.”21 

19  National Research Council. 2008. Urban Stormwater Management in the United States. 
NRC: Committee on Reducing Stormwater Discharge Contributions to Water Pollution. National 
Academies Press: DC. http://www.epa.gov/npdes/pubs/nrc_stormwaterreport.pdf
20 EPA. 2014. What is Green Infrastructure. Water: Green Infrastructure. http://water.epa.gov/
infrastructure/greeninfrastructure/gi_what.cfm
21 NYCDEP. 2013. NYC Green Infrastructure 2013 Annual Report.

STRATEGY Rebuild  Resist  Retain  Restore  Retreat

Living Shorelines

Cost: Costs vary greatly depending on project size, 
level of protection needed and materials. Non-structural 
methods cost on average $50 - $500 per square foot22

Timeframe: Individual project: 2 months – 1 year

Scale and Scope: Projects range in scale depending on 
the length of the shoreline and level of protection desired

Saltmarshes, freshwater wetlands, sea grass beds, and oyster reefs 
have historically served as wave attenuation and water retention 
strategies.23Deploying reconstructed and newly built versions of 
these structures have emerged as effective means to reduce flood 
risk. Such strategies gained widespread public attention as part 
of the MoMA exhibition in 2010, Rising Currents, but remained 
on the fringes of implemented projects. However the practical 
application of these strategies is gaining greater and greater sup-
port. For instance, in their North Atlantic Coast Comprehen-
sive Study the US Army Corps of Engineers who have histori-
cally supported ‘harder-edged’ solutions come out explicitly in 
support of natural and nature based solutions—devoting an 
entire appendix to the subject.24

22 Virginia Institute of Marine Science. 2015. "Living Shorelines." Center for Coastal Resources 
Management. http://ccrm.vims.edu/livingshorelines/faq.html#examples
23 Lennon, Mick, Mark Scott, and Eoin O’Neill. 2014. “Urban Design and Adapting to Flood Risk: 
The Role of Green Infrastructure.” Journal of Urban Design 19 (5): 745–58.
24 USACE. 2015.
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Community Considerations
Traditional measures like “cost effectiveness” depend greatly 
on the costs and benefits being measured. By examining actual 
places at risk we can test the feasibility of different resiliency 
strategies, as well as the values and tradeoffs inherent in making 
a recommendation. The following communities have not yet 
found a clear answer to the question of which strategies are the 
most appropriate. Each example provides a brief description of 
the geographical and socioeconomic context, current resiliency 
efforts and an evaluation of the gaps and limitations of current 
efforts that must be addressed to reduce the population at high 
risk to flooding caused by sea level rise or worsened by climate 
change.

Lower Manhattan, 
New York City
Very high density, mixed-use, harbor island

Lower Manhattan presents unique challenges to resilience plan-
ning. A high ratio of coastline to land area and a large amount 
of landfill development makes Lower Manhattan vulnerable to 
flood risk due to both storm surge and sea level rise.1 This area 
of Manhattan is highly dense and houses a diversity of infra-
structures, industries, and residents. This makes the area highly 
vulnerable and poses challenges to finding robust strategies to 
combat this vulnerability. The area south of 23rd Street con-
tains 285 million built square feet housing 200,000 residents, 
21,000 businesses, critical transportation infrastructure such as 
the Brooklyn Battery Tunnel, the epicenter of global finance as 
well as the Lower East Side’s reservoir of affordable and public 

1 The City of New York Action Plan Amendment 8 ( Substantial Amendment) For CDBG-DR 
Funds , Disaster Relief Appropriations Act of 2013 ( P . L . 113-2 ). 2014. Vol. 8.

housing.2 Thus Lower Manhattan’s high degree of exposure and 
high degree of vulnerability (in terms of both infrastructure 
and population) combine to produce extreme disaster risk. The 
combination of these factors makes it imperative that we find 
effective and equitable solutions to reducing risk.

Hurricane Sandy made these risks all too clear. Lower Man-
hattan experienced the storm surge profoundly, with tide gauges 
at the Battery measuring water heights at 14 feet above low tide. 
The surge traveled several blocks inland and compromised criti-
cal building infrastructures that were housed on ground floors 
and in basements. The Brooklyn Battery Tunnel was flooded and 
damage to South Station and the Montague tunnels caused by 
floodwaters took many months to repair. DEP wastewater treat-
ment facilities were inundated and an explosion at a Con Edison 
14th Street Substation left Lower Manhattan in the dark.3

Current planning efforts are underway that attempt to 
address these diverse challenges. Thus far the area is primarily 
protected by hard infrastructural solutions. However plans for 
future resilience include a greater variety of approaches. A brief 
discussion of major proposals and resilience projects that are 
underway will provide a framing context for the main policy 
choices we face in trying to reduce risk in Lower Manhattan.

Notably, New York City has been awarded $335 million 
in HUD funding to construct the first segment of the coastal 
protection strategy for the Lower East Side proposed through 
the Rebuild by Design competition. The project, proposed by 
Bjarke Ingels Group, entitled the BIG U, proposes a system of 
berms and other reinforcements along the perimeter of Lower 
Manhattan.4 However, only a portion of the proposal has been 
funded thus far, protecting only the area between 23rd Street 
and Montgomery Street.5

2 BIG. 2014. The Big “U”: Rebuild by Design.
3 Tolkoff and Pirani, “Lessons from Sandy: Federal Policies to Build Climate-Resilient Coastal 
Regions” and The City of New York Action Plan Amendment 8 ( Substantial Amendment ) For 
CDBG-DR Funds, Disaster Relief Appropriations Act of 2013 ( P . L . 113-2 ). 2014. Vol. 8.
4 BIG. 2014. The Big “U”: Rebuild by Design
5 The City of New York Action Plan Amendment 8 ( Substantial Amendment ) For CDBG-DR 
Funds , Disaster Relief Appropriations Act of 2013 ( P . L . 113-2 ). 2014. Vol. 8.

Lower Manhattan
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Storm surge barriers situated at the openings to the New 
York Harbor have been proposed as another strategy to reduce 
the impacts of storm surge in Lower Manhattan and within the 
harbor.6 This hard infrastructural strategy would be situated 
physically at a distance from Lower Manhattan and thus has the 
potential to reduce storm surge impacts on a greater land area 
than a berm system is capable of covering. However policy mak-
ers, engineers, and politicians continue to have concerns about 
the merits of implementing a strategy which primarily protects 
against just one type of flood risk.

There has been considerable discussion of solutions for 
this area of New York City, and the recent allocation of HUD 
funding represents an enormous leap towards building a resil-
ient Lower Manhattan. However, a more comprehensive risk 
reduction strategy is needed to ensure the continued safety and 
vibrancy of Manhattan’s southern end.

Questions for consideration:

 ⊲ What strategies will work best to protect and adapt our most 
densely populated areas?

 ⊲ How can building level resilience measures be mandated, 
enforced and assessed?

 ⊲ What are the best models for incorporating meaningful 
public participation into the planning processes for large 
infrastructure projects?

6 Hill, Douglas, Malcolm J Bowman, and Jagtar S. Khinda, eds. 2012. Storm Surge Barriers to 
Protect New York City: Against the Deluge.

The Rockaways, New York City
High density, residential, barrier island

The 11-mile Rockaway Peninsula forms the 31 square-mile 
Jamaica Bay between South Brooklyn and Queens, protecting 
inland communities and JFK International Airport. The penin-
sula poses unique challenges for resilience planning due to the 
intense development and coastal engineering that have trans-
formed the natural geomorphology of the once migrating barrier 
island. The 12 distinct neighborhoods and 112,700 residents of 
the Rockaways are particularly vulnerable to large storms and sea 
level rise, as the shoreline is exposed to the Atlantic Ocean and 
prone to constant beach erosion. A majority of the peninsula is 
comprised of small-lot single-family homes and beach bungalows 
and multi-unit high-rise developments. Rockaway residents have 
on average lower median household incomes than the rest of the 
city, but have high rates of homeownership.7 While all Rocka-
way residents share the threat of flooding, some neighborhoods 
face greater risks because of additional social vulnerabilities. 
For example, eastern peninsula neighborhoods like Edgemere, 
Somerville, Arverne and Far Rockaway contain five NYC 
Housing Authority developments (over 3,400 units) and seven 
Mitchell-Lama buildings, and tend to have higher poverty rates 
and lower incomes.8

When Superstorm Sandy made landfall on the Rockaways, 
30 foot-high waves overtopped the beaches, battering neigh-
borhoods and inundating most of the peninsula. Floodwaters 
funneled through the Rockaway Inlet overtopping deteriorating 
seawalls and bulkheads in bayside neighborhoods. Several neigh-
borhoods fared better than others—areas of higher ground like 
Far Rockaway, experienced significantly less flooding, and areas 
protected by more robust natural features (i.e. dune systems) like 

7 Rockaway neighborhoods have an average median household income of $45,725, compared 
to the rest of the citywide average of $53,823. Sources: 2010 U.S. Census. PlaNYC. 2013. NYC 
Special Initiative for Rebuilding and Resiliency. Chapter 16. South Queens.
8 PlaNYC. 2013. NYC Special Initiative for Rebuilding and Resiliency. Chapter 16. South Queens.

The Rockaways
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Arverne By The Sea, saw less damage from wave action. 9 Accord-
ing to the New York City Department of Buildings’ damage 
assessment, Rockaway communities saw a disproportionately 
high number of buildings that were deemed unsafe, damaged or 
destroyed relative to other affected areas in the city, impacting 
some 10,100 residents and 2,275 businesses.10 When the A train 
rail line washed away, 35,000 daily riders were left without a rail 
link to the rest of New York City. The Rockaway Wastewater 
Treatment Plant experienced extensive flooding leaving wastewa-
ter untreated for three days.

Following Sandy, many residents took advantage of pro-
grams like Build it Back to begin to rebuild, while other started 
to rebuild with their own resources.11 The US Army Corp of 
Engineers (USACE) was authorized to undertake a 3.5 million 
cubic yards beach renourishment project. Simultaneously, the 
city quickly began planning to rebuild and reinforce the Rocka-
way boardwalk to include new recreational spaces, re-enforced 
dunes systems, and sand-retaining baffle wall systems. These 
projects are phased and will continue into 2017.12

Beyond these efforts, the Rockaways became a focal point 
for coastal resilience planning. In addition to dozens of com-
munity organized planning efforts, public seminars and packed 
town hall forums, the Rockaways have been highlighted in 
several major recovery studies. Within all of these plans there is 
no shortage of recommendations to protect Rockaway residents 
from the threat of flooding. All five Rs have been proposed or 
considered for certain parts of the peninsula—ranging from 
bulkheads, deployable sea walls, raising buildings, and elevating 

9 Ibid.
10 Ibid. and PlaNYC 2013. NYC Special Initiative for Rebuilding and Resiliency. Chapter 16. South 
Queens.
11 There are currently 5,829 Active Build it Back accounts in the Rockaways—more than any 
other part of the city. Source: NYC Recovery. 2015. Sandy Funding Tracker. http://www1.nyc.gov/
sandytracker/#2891665754
12 Sources: USACE. 2014. FACT SHEET - Atlantic Coast of New York City, East Rockaway Inlet 
to Rockaway Inlet (Rockaway Beach) and Jamaica Bay. http://www.nan.usace.army.mil/Media/
FactSheets/FactSheetArticleView/tabid/11241/Article/487597/fact-sheet-east-rockaway-inlet-
to-rockaway-inlet-rockaway-beach.aspx; NYCDPR. 2015. Rockaway Boardwalk Reconstruction 
Project Feb. 2015 Update. http://www.nycgovparks.org/pagefiles/83/Rockaway-Boardwalk-
Reconstruction-Project-February-2015-Update.pdf

infrastructure, to wetlands, oyster reefs, beach replenishments, 
bioswales, reinforced dunes systems, etc.

Today some parts of the Peninsula continue to experience 
daily tidal flooding. According to NOAA estimates, much of 
the Rockaway Peninsula will be affected by sea level rise, and 
all of the peninsula will be heavily impacted by a Category 1 
storm surge.13 Even as projects and planning move forward, a 
clear cohesive resilience strategy for the entire peninsula has yet 
to emerge. Without a comprehensive approach some neighbor-
hoods will benefit from the ongoing near-term and mid-term 
investments, and others will continue to be vulnerable to flood 
risks far into the future.

Questions for consideration:

 ⊲ Beyond infrastructure, what are other strategies to build 
resilience in isolated, yet dense coastal areas like the Rocka-
ways? 

 ⊲ How can multiple planning processes and recommendations, 
with various timelines, be linked into a cohesive strategy? 

 ⊲ Will re-enforced dunes, wetlands, bulkheads, etc. protect 
isolated, yet dense coastal areas in the long run? Or should 
other long-term strategies like surge barriers or strategic 
retreat be considered as long-term options?

13 Source: NOAA. 2015. Coastal Flood Exposure Mapper. http://www.coast.noaa.gov/floodexpo-
sure/#/map

Secaucus
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Secaucus, New Jersey
Medium density, mixed-use, natural marshland

Secaucus, New Jersey is a town of around 16,000 people, only 3 
miles west of Manhattan. Secaucus has a much higher median 
household income than the national median, and the popula-
tion is 68 percent white with a large minority (18 percent) 
of Hispanic residents. Most of the town’s residents live in a 
relatively small area in the northern part, with the majority of 
area occupied by the many warehouses, other industry, and big 
box retailers that make Secaucus a regional employment center, 
providing jobs to around 38,000 people. The town is also a criti-
cal transit hub for NJ Transit trains, with 23,000 riders boarding 
or transferring at Secaucus Junction.14

Once an island in the midst of Meadowlands, centuries of 
development has filled in much of the natural wetlands. The 
town remains surrounded by water and marshes on three sides, 
which pose significant flood risks. Over 70 percent of the town’s 
area is within the 2050 flood risk zone, the vast majority encom-
passing most of the town's warehouses and other industrial and 
commercial buildings. Even with most housing on safer ground, 
over 7,000 people may be at risk by 2050. The Secaucus indus-
trial and commercial areas are almost entirely at risk of flooding 
by 2050, which today support approximately 23,000 jobs.

The damage caused by Sandy was serious. With much of the 
town flooded and roads made inaccessible, emergency person-
nel had to rescue over 100 people.15 Without waiting for federal 
funding, Secaucus began construction on berms to protect 
against future storm surges in residential areas to the north. The 
berms are no higher than 8 feet, high enough to protect coastal 
areas during a Sandy-equivalent storm, but not necessarily one 
stronger. The town also has plans to upgrade pumping stations 

14 NJ Transit. 2012. “Quarterly Ridership Trends Analysis: First Quarter, Fiscal Year 2013” http://
media.nj.com/bergen_impact/other/1Q2013.pdf
15 Adriana Rambay Fernandez. 2012. “The Town on the Hackansack River.” The Hudson 
Reporter, November 11, 2012. http://www.hudsonreporter.com/view/full_story/20794966/article-
The-town-on-the-Hackensack-River-Secaucus-residents-recover-from-Sandy

and drainage, and support individual property owner efforts to 
retrofit. Located in a dense county, many of Secaucus’s strate-
gies rely on cooperation with Hudson County and neighboring 
communities.16 The Rebuild by Design competition produced 
a winning plan by a team led by MIT proposing strategies for 
the whole Meadowlands region. In Secaucus, the “New Mead-
owlands” plan included expanding the system of berms already 
underway, implementing a sophisticated stormwater catchment 
system and redirecting new development to safer areas.17 Unfor-
tunately for enthusiastic town officials, the Secaucus portion of 
the New Meadowlands project was not awarded funding.

Questions for consideration:

 ⊲ Can we adequately restore natural systems and accommo-
date future growth in highly vulnerable natural areas? 

 ⊲ How should strategies for areas supporting industry and 
employment differ from strategies for residential areas? 

 ⊲ How can we equip municipalities with the tools they need to 
maintain the momentum of their planning endeavors when 
confronted with shortfalls in implementation funding?

Milford, Connecticut
Medium density, residential, developed coastline

Milford, Connecticut, in the southwest corner of New Haven 
County, is a town of about 50,000 people on the Long Island 
Sound. Although the median household income is higher than 
the national median income, Milford has a high elderly popula-
tion, and more than 10 percent of residents have some form of 

16 Town of Secaucus. 2008. Hazard Mitigation Plan.
17 MIT Center for Advanced Urbanism. 2014. The New Meadowlands.Rebuild by Design.

Milford
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disability. Milford has over 14 miles of coastline, the most of any 
municipality in Connecticut. In addition to the risks of coastal 
flooding, inland parts of the town are vulnerable to riverine 
flooding from the Wepawaug and Housatonic Rivers. It is unsur-
prising, then, that Milford has the highest number of properties 
that suffer severe repetitive loss in the state. The city’s analysis 
shows that a category 2 hurricane has the potential to inundate 
more than 2,000 properties, including 35 city facilities.

More than 1,500 homes were damaged by Irene and Sandy, 
over 200 severely.18 A year after Sandy, dozens of homes remained 
empty, including entire streets, while dozens of others were 
being elevated on piles and rebuilt. As in many areas damaged by 
Sandy, government funding came slowly, leading to a slow recov-
ery.19 An estimated 4,000-5,000 homes in the city may need to 
be elevated to come up to code.20

The primary strategies for combatting increased flood risk in 
Milford have been building retrofits and elevations, revetments, 
jetties, groins and beach nourishment projects. The city’s 2013 
Hazard Mitigation Plan outlines over $14.4 million in flood 
mitigation projects, including elevating structures, protecting or 
upgrading critical infrastructure like the wastewater treatment 
plant, and replenishing dunes.21 Two projects deemed highest 
priority are neighborhood drainage systems and catch basins. 
Many proposed projects in the plan are either stalled or have not 
begun for lack of funding. In evaluating the coastline of Milford 
for the North Atlantic Coast Comprehensive Study, the Army 
Corps of Engineers found that the protection from structural 
measures like beach fill or dune projects may be limited, even in 
areas where they are most cost-effective, due to space constraints. 
The study indicates that structural measures would not be appli-
cable, and that floodproofing and, in some cases, acquisition and 
relocation are the most cost-effective.22

Buyouts have begun to receive attention among the city’s 
residents. Several properties have been bought out using FEMA 
Hazard Mitigation Grant funds, and Milford has received $1.4 
million from the USDA Floodplain Easement program to buy 
out properties at risk.23 Despite the available funding, the pro-
grams received only seven applicants combined in 2013, and the 
city’s official position is “unenthusiastic”.24

Questions for consideration:

 ⊲ How should smaller municipalities with limited financial 
resources prioritize necessary resiliency projects?

18 Beth Daley. 2014. “Milford, East Haven top Connecticut in costly flood-prone homes”. New 
Haven Register. March 21, 2014. http://www.nhregister.com/general-news/20140321/milford-
east-haven-top-connecticut-in-costly-flood-prone-homes
19 Mark Zaretsky. 2013. “1 year after Superstorm Sandy, recovery moves slowly on Con-
necticut shore “ New Haven Register, October 26, 2013. http://www.nhregister.com/general-
news/20131026/1-year-after-superstorm-sandy-recovery-moves-slowly-on-connecticut-shore
20  Denise Buffa. 2013. “Storm-Battered Shoreline Gets A Lift, One House At A Time”. 
Hartford Courant, August 3, 2013 http://articles.courant.com/2013-08-03/news/hc-house-
lifter-20130803_1_houses-milford-contractor-coastline
21 City of Milford. 2013. “Hazard Mitigation Plan 2013”. http://www.ci.milford.ct.us/sites/mil-
fordct/files/file/file/hazard_mitigation_plan_2013.pdf
22 US Army Corps of Engineers. 2015. North Atlantic Coast Comprehensive Study: Appendix D. 
http://www.nad.usace.army.mil/Portals/40/docs/NACCS/NACCS_Appendix_D.pdf
23 USDA. “EWP Floodplain Easement”. http://www.nrcs.usda.gov/wps/portal/nrcs/
detail//?cid=nrcs143_008225
24 Jan Ellen Spiegel. 2013. “Despite storms, few coastal homeowners are open to buyouts” Con-
necticut Mirror, September 16, 2013 http://ctmirror.org/2013/09/16/despite-storms-few-coastal-
homeowners-are-open-buyouts/

 ⊲ How do federal agencies and local and state governments 
deal with areas of repetitive loss where no feasible engineered 
alternative to buyouts has been proposed, yet residents have 
shown little interest in moving?

Implications
This paper articulates the various costs, benefits, limitations and 
synergies in the resiliency planning toolkit. Implementing the 
best combinations of these strategies requires making difficult 
decisions based on timeframes, institutional and political capac-
ity and financial, social and environmental costs of action—or 
inaction. As sea levels continue to rise and storms become 
increasingly powerful, the stakes couldn’t be higher for our fed-
eral, municipal and civic leaders to reach consensus on the best 
mix of resilience solutions.

In recent years a number of decision-making frameworks and 
platforms have been developed to help our leader and commu-
nities take on tough decisions and advance resilience planning 
toward implementation. For example, NYC Department of City 
Planning released the Urban Waterfront Adaptive Strategies 
report in 2013, NOAA and the Nature Conservancy launched 
the U.S. Climate Resilience Toolkit and Digital Coast website 
in 2014, and the Army Corp of Engineers released the North 
Atlantic Coast Comprehensive Study in February 2015. A 
critical, and arguably the most difficult, component outlined in 
these frameworks is evaluating the alternative strategies against 
one another, which requires collectively setting and prioritiz-
ing goals. In the greater New York-New Jersey-Connecticut 
metropolitan region this will require building consensus at the 
community level, as well as at the system-wide scale, and will 
challenge us to weigh the value of various potential strategies by 
balancing time scales, costs and economic, social, and environ-
mental impacts. This roundtable discussion is a step toward 
defining the criteria by which we make these value judgments 
and how best to apply resilience strategies across the region.
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