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The great estuaries and bays of the New York-New Jersey-
Connecticut region are home to hundreds of acres of 
tidal wetlands, from the salt marsh of Long Island’s Great 
South Bay to the freshwater tidal wetlands of the Hudson 
River. These wetlands play a critical role in mitigating the 
effects of flooding, filtering stormwater runoff before it 
reaches rivers and bays, providing habitat for wildlife, and 
nurturing seafood that helps our economy and is part of 
our regional heritage. Fifty years ago, after many decades 
of development and destruction, all three states in the 
region—New York, New Jersey, and Connecticut—passed 
legislation to protect wetlands. This legislation has helped 
slow damage from development. But now, a new threat has 
emerged: climate change. 

Climate change threatens tidal wetlands and local com-
munities alike. Historically, wetlands do not stay static. 
They migrate over time as rivers meander. Now, with 
tidal wetlands pushed up against development in this very 
urbanized region, sea level rise has the potential to drown 
wetlands. Under current conditions, they simply have 
nowhere to go.

At the same time these wetlands are a vital part of coastal 
resilience. With climate change and sea level rise threat-
ening communities adjacent to tidal marshes, the areas 
become more important than ever. Walls, bulkheads, and 
other hard infrastructure may protect some areas from 
storm-surge flooding, but they also limit the ability for 
wetlands to migrate upland as the sea level rises. Natural 
features have been proven to protect at a fraction of the 
cost of building new infrastructure. 

With support from the Doris Duke Charitable Founda-
tion, Regional Plan Association (RPA) undertook The New 
Shoreline to integrate the research around adapting tidal 
wetlands and adapting coastal communities. Building on 
previous RPA projects and recent work by organizations 
like Scenic Hudson, NYSERDA, NEIWPCC, The Nature 
Conservancy, and Rutgers, this project brought together 
research on ecological modeling, wetlands restoration, 
and community resilience across the New York metropoli-
tan region. It is hoped the findings of the report may help 
inform the implementation of the New York Community 

Executive Summary

Risk and Resiliency Act (CRRA), as well as inform future 
policies throughout the tri-state region. The project sought 
to answer the questions:

 ⊲ What effect will sea level rise have on the New York 
region’s tidal wetlands, and where will wetlands have 
the potential to migrate upland in response to rising 
seas?

 ⊲ What and where are the potential conflicts between 
communities and the built environment and potential 
wetlands pathways?

 ⊲ How can communities accommodate migrating wet-
lands while also benefiting from them?

 ⊲ What planning and policy changes will be necessary to 
preserve and adapt wetlands and communities facing 
sea level rise over the next century?

RPA convened several working group meetings to discuss 
the science of wetlands modeling, the role of the commu-
nity in wetlands restoration, and the planning and policy 
toolbox for adapting wetlands. The project also involved a 
spatial analysis of potential wetlands pathways and their 
social, urban, and physical contexts.

Findings
Tidal wetlands provide numerous benefits to the natural 
and human communities around them. These ecosystem 
services include flood mitigation, carbon sequestration, 
habitat for commercial fish species, and recreational and 
open space benefits. 

New York, New Jersey, and Connecticut all passed laws 
protecting tidal wetlands in the early 1970s, helping to 
curb the loss of wetlands to development and pollution. In 
recent years, new laws like New York’s CRRA have begun 
to account for climate change in permitting and planning. 
However, current policy is still not fully equipped to deal 
with the challenges of climate change, and some regula-
tions are in need of updating, as in the case of New York 
State’s regulatory wetlands maps, unchanged since 1974. 

This report explores the potential for wetlands restoration 
and adaptation projects in the context of climate change 
and sea level rise. Drawing on existing studies and models, 
RPA conducted a spatial analysis of potential wetlands 
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pathways in the 31-county New York region. This analysis 
found that of 70,000 acres of tidal wetlands today, nearly 
half have at least a 50 percent chance of drowning by 2100. 
It further identified nearly 100,000 acres of unobstructed 
potential tidal wetlands pathway adjacent to existing 
wetlands, with another 95,000 acres of potential pathway 
either obstructed by roads and other development or in 
areas not adjacent to existing tidal wetlands. 

While Long Island has the most potential land for wetlands 
pathways, it also has the largest share of existing wetlands 
at risk of drowning by 2100, highlighting the importance of 
ensuring pathways for migration. In other areas, potential 
pathways may be hindered by currently planned coastal 
protection projects, as with the planned berm on the South 
Shore of Staten Island. And throughout the urbanized parts 
of the region, development and infrastructure are major 
obstacles to wetlands migration. 

Land use and ownership are important factors in determin-
ing the feasibility of areas for wetland migration. Nearly 
half of potential wetlands pathways are already publicly 
owned land. However, these sites might not be immediately 
suitable for wetlands migration. For example, many water-
front parks have the potential to become pathways but 
currently have hardened shorelines, roads, and parking lots 
that will block migration if left in place. Other sites, includ-
ing vacant formerly industrial and contaminated sites, 
would accommodate migration but would require cleanup 
before land could be submerged. 

In addition to ownership and contamination status of land, 
the socioeconomic factors of the communities surrounding 
coastal wetlands are important considerations when evalu-
ating potential areas for wetland migration. Low-income 
communities and communities of color that have been 
historically marginalized should not only be prioritized for 
resilience projects like wetlands adaptation, but also play a 
leading role in planning such projects. 

Rethinking existing policy mechanisms will be critical for 
preserving tidal wetlands and their surrounding com-
munities. Buyout and acquisition programs, among the 
most important mechanisms for dealing with sea level rise 
and habitat restoration, are still primarily designed as a 
recovery tool and not for long-term adaptation. While these 
programs are revised, states and localities can still take 
steps to ensure that development and investments in infra-
structure are discouraged in these priority areas through 
zoning and regulatory measures. Proactive community-
driven wetlands restoration and adaptation projects are 
also essential to incorporate the values and needs of local 
residents and businesses.

Recommendations

KNOW the Pathways
 ⊲ Ensure that wetlands maps used for permitting and 

other regulatory actions are updated frequently
 ⊲ Regularly update sea level rise and wetland migration 

models to reflect the latest projections
 ⊲ Incorporate wetland migration pathways into state- 

level data
 ⊲ Consider regional approaches and methodologies

PROTECT the Pathways
 ⊲ Actively manage wetlands to promote successful migra-

tion
 ⊲ Protect and conserve parcels in high priority pathways 

through acquisition, easements, or restrictive covenants
 ⊲ Discourage infrastructure and other development 

investments in priority pathways through zoning and 
other regulatory measures

CREATE New Pathways
 ⊲ Restore wetland habitat in suitable places, such as sites 

with minimal development where wetlands loss, degra-
dation, or fragmentation have occurred

 ⊲ Integrate wetlands into developed places, such as 
coastal neighborhoods and waterfront parks, through 
innovative policy and design

IMPROVE Planning and Policy
 ⊲ Integrate wetlands migration into federal and state 

coastal management policies
 ⊲ Develop channels for interagency cooperation at the 

state level
 ⊲ Integrate wetlands migration into local planning and 

zoning
 ⊲ Support fully funded buyout programs that enable wet-

land restoration and migration
 ⊲ Explore new forms of conservation agreements like 

future interest agreements

RECONNECT People and Wetlands
 ⊲ Cultivate a clear vision through use of visual materials
 ⊲ Reconnect coastal communities with the ways natural 

systems affect their community
 ⊲ Communicate the holistic picture of how sea level rise 

will affect communities
 ⊲ Use public lands and parkland as wetland migration 

laboratories
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The New York-New Jersey-Connecticut region encom-
passes several great estuaries like the Hudson and Raritan 
Rivers and the New Jersey Meadowlands, as well as the 
marshy shorelines of Long Island and Staten Island. These 
wetlands are a part of the region’s identity, and historically 
tidal marshes covered hundreds of square miles across the 
region. The benefits that wetlands provided—flourishing 
fish and shellfish communities for fishing, clean water, and 
coastal protection—contributed to the region’s growing 
prosperity and urbanization. Urban development and poor 
environmental policies in turn led to the destruction of 
most of the region’s valuable coastal wetlands.

The Issues
Wetlands have long faced a stigma as unproductive and 
disease-ridden places. As first agriculture, and then urban 
development, spread across places like Brooklyn, Long 
Island, and northern New Jersey, the amount of tidal marsh 
was severely reduced. Around 78 percent—an estimated 
200 square miles—of tidal wetlands have been lost in the 
region over the last century and a half. Compounding the 
loss, nonnative species like the common reed, Phragmites 
australis, pollution from urban streets, sewers, and indus-
trial activities hinder the quality of the remaining wet-
lands. 

Sea level rise now threatens to drown many remaining wet-
lands if they are unable to adapt. If coastal wetlands were 
a static feature of the landscape, they would be submerged 
by sea level rise within the next few decades. Fortunately, 
wetlands are inherently resilient, having the ability to 
gradually migrate in response to changing conditions like 
sea level, tidal patterns, and geomorphological changes, 
but only under the right conditions. In order for wetlands 
to migrate, ecological processes like sedimentation must 
be able to keep up with the rate of sea level rise, and there 
must be suitable adjacent land available. This adjacent land 
has the potential to form a pathway for wetland migration, 
but in many cases, the potential pathways near urban areas 
are blocked by roads and urban development. 

Sea level rise and increasingly strong coastal storms 
threaten the region’s communities, as well. Wetlands prolif-
erate in areas prone to frequent coastal flooding, and even 

1. Introduction

have the ability to absorb waves and floodwater, protecting 
inland areas. It is therefore no coincidence that most of the 
homes in areas that were formerly wetlands are vulnerable 
to coastal flooding. Around 900,000 residents live in areas 
that were once wetlands, with around 40 percent consid-
ered to be in the 100-year floodplain. The loss of the area’s 
remaining tidal wetlands would have devastating effects 
on the region’s resilience, not only eliminating habitat and 
diminishing biodiversity, but also harming water quality, 
eliminating natural protections against storm surge, and 
contributing to climate change by releasing carbon dioxide 
stored within wetlands.

The Opportunity
The growing awareness of the effects of climate change and 
the importance of building resilient communities present 
an opportunity to focus attention on adapting the shore-
line. Environmental organizations have long promoted the 
resilience benefits of wetlands and other forms of living 
shorelines, and influential institutions like the U.S. Army 
Corps of Engineers have begun to recognize this. 

There are currently several political opportunities for 
shoreline adaptation in the New York metropolitan region, 
as well. New York State is in the process of implement-
ing the 2014 Community Risk and Resiliency Act (CRRA) 
across various agencies, particularly the Department of 
Environmental Conservation (NYSDEC), which is cur-
rently aligning the new policies with research products 
around wetland protection, restoration, and adaptation to 
sea level rise. The state of New Jersey has a new guberna-
torial administration that has signaled a desire to tackle 
climate change issues.

Regional Plan Association released its Fourth Regional 
Plan for the New York Metropolitan Region in 2017, propos-
ing recommendations to maintain and improve a thriving 
region in the face of the major challenges over the com-
ing decades, like climate change, equity, and crumbling 
infrastructure. The plan recognizes the critical importance 
of restoring the region’s harbors and estuaries and adapt-
ing communities and ecosystems to the effects of climate 
change. This project addresses several of the recommenda-
tions put forward in the plan.
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Lost Historic Wetlands
Nearly two thirds of coastal wetlands in the NY-NJ-CT region have been filled in since the 19th century.
Source: RPA 2016

Lost Historic Wetlands

Historic and Current Wetlands Overlap

New or Previously Unmapped Wetlands

Historic Wetlands
In 2016, RPA traced wetlands from 19th-century NOAA T-sheet Coastal Survey maps along In 
2016, RPA traced wetlands from 19th-century NOAA T-sheet Coastal Survey maps along Long 
Island Sound, the New Jersey coast, parts of the Hudson River, and the southern shore and bays 
of Long Island. These tracings were merged with an existing RPA dataset that detailed the loca-
tions of historic wetlands from roughly the same period in the region’s urban core. Combined 
with existing literature, we used these datasets to inform our understanding of past pathways 
and past reasons for loss, accretion, and migration in the region.

A preliminary overlay analysis of the historic wetlands layer and the tidal wetlands featured in 
the National Wetlands Inventory allowed for identification of spatial contradictions and overlaps 
between the two, highlighting patches of change and stability since the 19th century—patches of 
loss, accretion, and migration, as well as relative strongholds. The output allowed us to catego-
rize each wetland in one of three ways:

 ⊲ “Lost” historic wetland: Wetlands traced from historic maps but not featured in the present-
day tidal NWI layer.

 ⊲ New wetland: Tidal wetlands included in the NWI dataset but not mapped on corresponding 
historic T-sheet—in some cases, migration pathways. 

 ⊲ Intersection: Sites of relative stability—historic wetlands still categorized as tidal wetlands in 
the NWI dataset.

An overlay analysis of “lost” historic wetland patches—all 200-plus square miles—with present-
day land cover found that nearly two-thirds (64 percent) have since been converted into devel-
oped land. This land is particularly vulnerable to flooding, with over two-thirds of the historic 
wetlands falling within the current FEMA 100-year flood zone. RPA estimates that these filled 
wetlands are home to nearly 900,000 current residents. Meanwhile, 12 percent of the historic 
wetlands overlay with present-day open water.
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The ecosystem of tidal wetlands is extremely valuable for 
many species, not least humans. Their unique ecology cre-
ates conditions necessary for many kinds of fish, shellfish, 
birds, and others. Many of these species have an economic 
value to surrounding communities. Tidal wetlands are 
dependent on a specific regimen of flooding, and changes 
in that process can change the character of the wetland. 
Fortunately, with gradual change, tidal wetlands have the 
ability to migrate upland. These processes can be modeled 
to better understand where existing tidal wetlands are 
threatened by a lack of suitable upland space for migration, 
or what point the rate of sea level rise becomes too fast for 
the marsh to keep pace with.

Ecology of Wetlands
Tidal wetlands require low-lying coastal land, sheltered 
from waves in bays, river estuaries, and harbors. They rely 
on regular inundation caused by tides, with some areas 
(low marsh) being inundated twice daily and others (high 
marsh) flooding perhaps only twice per month, during the 
spring tides caused by full and new moons. Plant communi-
ties are specialized to specific conditions of tidal flooding, 
elevation, and salinity. Only a few inches in elevation can 

2. How and Why Wetlands Migrate

determine which areas are habitable for different species. 
Tidal wetlands are typically salt marshes, but the region 
contains many significant freshwater tidal marshes, espe-
cially along the Hudson River. 

In the Northeast U.S., tidal marshes can be characterized 
by just a handful of native plants. Spartina alterniflora, or 
smooth cordgrass, grows in low marshes flooded at most 
high tides, shooting out of the mud with long, spiky green 
leaves. A bit more inland, the related Spartina patens  (salt-
meadow cordgrass) covers high marshes, that may flood 
only a few times per month, with a delicate and lumpy 
bright green carpet. Many other species like salt grass 
(Distichlis spicata), blackgrass (Juncus gerardii), grasswort 
(Salicornia maritima), and Carolina sea-lavender (Limonium 
carolinianum) can be found throughout the buffer areas 
between high marsh and uplands. 

The two Spartinas in particular form the foundation upon 
which most of the ecosystem depends. The soupy mixture 
of decomposing Spartina creates ideal habitat for many 
creatures, from shellfish like oysters, mussels, and clams, 
to small fish like menhaden and silversides. Many others 
use tidal wetlands as a place to start life and return to lay 

Tidal wetlands in Jamaica Bay, Queens, New York
Source: Ellis Calvin/RPA
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eggs. Fiddler crabs dig through mud, aerating the soil. Most 
of these smaller animals are prey for larger ones, from blue 
crabs to great blue herons to raccoons.

Nonnative species, particularly the ubiquitous common 
reed, Phragmites australis, have also made the region’s 
marshes their home. Phragmites, very tall with an ele-
gantly swaying tuft of seeds,  threatens to displace native 
flora and fauna, despite its beautiful appearance. Phrag-
mites marshes have less biodiversity than native Spartina 
marshes and are also prone to brush fires, a hazard to 
neighboring communities. However, new studies also sug-
gest that Phragmites marsh provides more habitat than no 
marsh at all, and it may absorb as much as three times the 
amount of carbon as native species. Additionally, because of 
its larger size relative to native salt marsh plants, it gener-
ates a higher rate of accretion. Depending on the rate of 
sea level rise, this may give Phragmites an advantage over 
native marsh in keeping up with the rising tides.1  2 

How Wetlands Adapt to 
Rising Sea Levels

Because the ecology of coastal wetlands is driven by tidal 
patterns, it has the ability to adapt to new tidal patterns 
under the right conditions. If an area just upland from 
the edge of the high marsh gradually begins to experi-
ence inundation, high marsh plants like Spartina patens 
can begin to migrate into that area. Likewise, as the area 
between high and low marsh receives more frequent 
inundation, low marsh species like Spartina alterniflora 
will begin to replace high marsh species. Wetlands can also 
remain in place if sea level rises at a moderate enough pace 
through a process of sediment accretion. However, in areas 
of low marsh that begin to experience too much flooding at 
a particular rate, the Spartina can drown and become mud 
flats.

Tidal Wetlands Ecosystem
Clockwise from top left: Spartina alterniflora, Spartina patens, fiddler crab, saltmarsh sparrow
Sources: Public Domain, Dominic Sherony/flickr, Matt Tillet/flickr
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Sediment Accretion
The stability of a salt marsh facing rising sea levels depends 
on a number of factors, including land elevation, the 
robustness of plant growth (“primary production”), and 
sediment accretion that can keep up with the rising sea 
level. Sediment accretion is the rate at which organic and 
mineral material accumulates at the bottom of a wetland. 
As flora like Spartina grasses grow, die, and decompose, 
and as material is carried by water upstream or from the 
shore, sediment gradually builds up. In order to preserve 
the long-term stability of existing tidal wetlands, accretion 
must be able to keep up with sea level rise. Interestingly, 
accretion rates can actually rise with greater inundation, 
as plants grow faster, creating more accreted material 
and allowing wetlands to remain stable as sea level rises 
gradually.3  However, this is true only to a point, as beyond 
a certain threshold accretion cannot keep up and the marsh 
is submerged and drowns. 

Sediment accretion is one of the most influential factors in 
the wetlands migration modeling studies conducted in the 
New York region, and also one of the most challenging to 
measure across a large study area. Coastal wetlands with 
greater sediment accretion rates and greater tidal ranges 
are better able to adapt to sea level rise. Coastal wetlands in 
the Southeastern U.S. tend to have greater accretion rates 
than in the Northeast, for example. Kirwan et al. (2010) 
estimated that marshes in Massachusetts’ Plum Island 
Estuary with suspended sediment concentrations and tidal 
ranges similar to those in the New York area can remain 

stable with up to 5 mm/year of sea level rise. However, the 
mean rate of sea level rise predicted by the IPCC is just 
over 5 mm/year, which could lead to marsh loss without 
intervention.4 

Tidal Range
Wetland systems with both low sediment accretion and 
low tidal range are the most vulnerable. Some salt marshes 
have had accretion rates and tidal ranges lowered due to 
tide gates, dams, or levees, leaving them more vulnerable to 
sea level rise than they would otherwise be. 

Rate of Sea Level Rise
Perhaps the most significant factor that determines a tidal 
wetland’s ability to adapt is the rate of sea level rise. While 
there are different models and studies of wetland migra-
tion, all agree that under scenarios with high rates of sea 
level rise (approximately six feet by the end of the century), 
the ability for tidal marshes to keep up without interven-
tion is doubtful.

Upland Area
Especially under more rapid sea level rise scenarios, wet-
land survival depends primarily on sufficient accretion 
rates or on adjacent land with suitable conditions (no steep 
slopes, undeveloped) in order to adapt. Marsh islands with 
no adjacent upland areas are particularly at risk without 
actions like adding sediment dredged from elsewhere.5  

Phragmites marsh in the New Jersey Hackensack Meadowlands
Source: Ellis Calvin/RPA
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Case Study: Boston, Massachusetts

Back Bay Fens
Possibly the earliest example of an urban tidal wetland 
designed to benefit the surrounding community is Fred-
erick Law Olmstead’s plan for the Boston’s Back Bay Fens 
and Riverway. Like many Olmstead projects over a century 
later, it is often mistaken for a piece of preserved nature 
rather than a man-made construction. Also like many of 
his projects, the original design has been compromised in 
subsequent decades, so it no longer serves all its intended 
functions.

Source: Anne Whiston Spirn. 1996. “Constructing Nature: The Legacy 
of Frederick Law Olmstead.” Uncommon Ground. William Cronon, ed. 
New York: W.W. Norton & Company.

Throughout the highly urbanized tri-state region, develop-
ment in the form of buildings and roads blocks wetlands 
from the ability to migrate upland. 

Salinity
Not all tidal wetlands in the region are salt marshes. The 
Hudson River Estuary in particular contains some of the 
most significant tidal freshwater wetlands in the country. 
As sea level rises, salinity levels in different parts of an 
estuary can shift, leading to changes in plant communities.

Erosion
Erosion is the process by which material is gradually 
removed from the shoreline, typically due to currents 
or waves. When marsh edges collapse, sediment can be 
quickly removed, removing sediment from the marsh plat-
form. The wetlands modeling studies cited in this report 
tended to find only a small effect of erosion on potential 
wetlands migration.

Connectivity
Wetlands are assumed to migrate more easily to adjacent, 
connected areas. With sea level rise, some areas with no 
existing tidal wetlands may begin experiencing tidal pat-
terns favorable to wetlands, but it is unclear how likely and 
how quickly new tidal wetlands would form.

SLAMM Modeling
These characteristics of tidal wetlands allow researchers to 
model how different rates of sea level rise will affect marsh 
migration. One of the most common models is the Sea Level 
Affecting Marshes Migration (SLAMM) model.

SLAMM is a deterministic model that determines land 
cover change based on a combination of metrics includ-
ing elevation, slope, tide ranges, accretion, and erosion. 
At each time-step, the new sea level triggers a decision 
tree that determines if one type of land cover converts 
to another. Since its development in the 1980s by Warren 
Pinnacle Consulting, Inc., the SLAMM model has contin-
ued to undergo refinement, with recent additional models 
accounting for roads and infrastructure, storm surge, 
and marsh collapse. However, the model is still limited 
in accounting for biological, ecological, or socioeconomic 
feedback. SLAMM remains the most accessible model for 
identifying potential conflicts between wetland pathways 
and communities.

The New York tri-state region is fortunate to have had 
major SLAMM-based wetland migration studies conducted 
along its entire coastline. While some of these studies 
employed similar parameters and assumptions and are 
therefore easily compatible, others used different param-
eters that make direct comparison more difficult. These 
differences and similarities are discussed in Appendix A 

of this report. Despite the differences, at the regional scale 
the SLAMM studies provide a first screening of where tidal 
wetlands are most likely to migrate and where they may be 
hindered. These studies served as the basis for the analysis 
of wetlands pathways in Chapter 5.

Endnotes
1 Smithsonian Environmental Research Agency. (2017) “Invasive 
Species Response to Global Climate Change.” 
2 Theuerkauf SJ, Puckett BJ, Theuerkauf KW, Theuerkauf EJ, Egg-
leston DB (2017) Density-dependent role of an invasive marsh grass, 
Phragmites australis, on ecosystem service provision. PLOS ONE 
12(2): e0173007. https://doi.org/10.1371/journal.pone.0173007
3 (Morris et al. 2002)
4 Kirwan, Matthew L., Glenn R Gunterspergen, Andrea D’Alapos, 
James T. Morris, Simon M. Mudd, Stijn Termmerman. 2010. “Limits 
on the adaptability of coastal marshes to rising sea level.” Geophysi-
cal Research Letters. Vol 37.
5 Schile LM, Callaway JC, Morris JT, Stralberg D, Parker VT, et 
al. (2014) Modeling Tidal Marsh Distribution with Sea-Level Rise: 
Evaluating the Role of Vegetation, Sediment, and Upland Habitat in 
Marsh Resiliency. PLoS ONE 9(2)
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Understanding the physical and biological factors of 
wetland migration is crucial to adapting the shoreline, but 
ecologists and planners must also account for the social and 
political factors of surrounding communities.

The 2016 NYC Salt Marsh Plan identifies three threats to 
marsh migration in New York City that also apply more 
broadly: the inability of sedimentation to keep pace with 
sea level rise, the unavailability of land suitable for upland 
migration, and changes (specifically erosion) to the marsh 
not recognized by existing regulations.1  These three points 
correspond respectively with ecological limitations, the 
planning or community limitations, and policy limitations, 
the latter two discussed here.

Wetlands and Their 
Neighboring Communities

There are several promising opportunities in linking cli-
mate change adaptation of wetlands and of communities. 
Wetlands restoration has typically targeted larger wetlands 
in less populated areas because of the greater potential ben-
efits to natural systems. However, when social benefits are 
also included in the calculus, the restoration and preserva-
tion of smaller, urban wetlands deserve more attention. 
Like larger wetlands, smaller wetlands can also serve as 
habitat corridors for many species.2  Not only do robust and 
healthy wetlands provide flood mitigation to neighboring 
communities, but they can also provide a cognitive, physi-
cal, and behavioral connection for local residents to their 
natural surroundings.3 For communities with a shortage of 
open space, access to natural areas like wetlands is particu-
larly beneficial.4 Bringing communities into the ecological 
planning process can lead to greater stewardship, as well.5 

There are a number of tensions threatening this win-win 
scenario, however. Wetlands in urban areas are more likely 
to be damaged by human activities, whether intentionally 
or not. Communities may see wetland migration as a threat 
to their property values, whether because of aesthetics or 
because of use restrictions, even if they understand the eco-
system service benefits.

3. Integrating Wetland and 
Community Resilience

Ecosystem Services
Ecosystem services, the benefits that natural systems 
provide to communities, provide one framework for inte-
grating wetlands adaptation into the parallel community 
adaptation discussion. In terms of an ecological restoration 
or adaptation project, the framework can be used both for 
demonstrating a political rationale and for building public 
support. Across much of the region, the principal focus of 
adaptation has been on protecting the economic value of 
assets. By incorporating the social effects of a restoration 
project, ecosystem service valuations can capture the value 
of restoration projects that may otherwise appear uncon-
vincing using traditional economic cost-benefit analysis—
and can leverage additional funding opportunities.6   

Flood Protection
The flood protection benefits of coastal wetlands in the 
New York region have been demonstrated.7 8 9 Primarily, 
wetlands can protect adjacent upland communities through 
wave attenuation, as the vegetation creates drag on the 
waves. Intact and healthy marshes can themselves also 
withstand and recover from storms better than hard flood 
protection like bulkheads.10 11 

Open Space and Recreation Benefits
The cognitive and health benefits of access to open space 
and recreational opportunities are well established.12  Many 
of the region’s wetlands can be found surrounded by dense 
urban communities, which tend to have a deficit of acces-
sible open space. The loss of these urban wetlands would 
leave these communities with even less open space, while 
the protection of a wetland pathway could be an oppor-
tunity to generate more of a much-needed community 
resource. In New York City’s parks around Jamaica Bay, 
nearly a quarter of residents depend on their local parks for 
their outdoor activities, demonstrating the importance of 
that relatively small amount of open space.13  

Carbon Storage
The ability of wetlands to sequester carbon, called “blue 
carbon,” is one more emerging ecosystem service benefit 
provided by wetlands.14 15 Despite their relatively small 
footprint, coastal salt marshes are disproportionately effec-
tive carbon sinks, around three times that of terrestrial 
forests per square meter.16  This is due to their high rates 
of production and their ability to trap carbon matter from 
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elsewhere, as sediment is washed in from the tides. The 
destruction of wetlands can flip the effect, creating a major 
source of carbon emissions.17 

Other Economic Benefits
Tidal freshwater wetlands serve as nurseries for many 
types of commercial fish, liked striped bass, alewife, 
blueback herring, and American shad.18  Coastal wetlands 
are also critical habitat for shellfish like oysters and clams, 
which help improve water quality. The benefits of healthy 
coastal wetlands for recreational fishing, tourism, and sce-
nic views must also be emphasized.

Community Perceptions 
and Behavior

Ecosystem services can be both independent of and depen-
dent on community perceptions and behavior. In the case 
of a benefit like flood protection, a wetland may provide 
protection to a community regardless of its awareness of it, 
though perception and behavior may allow a community 
to maximize flood protection benefits through its actions. 
In the case of the cognitive and behavioral benefits of open 
space, the benefits depend on the relationship of the com-
munity to the wetland. 

Working group members recognized the critical role of 
local communities in wetlands restoration and climate 
change adaptation. For residents to feel connected and a 
sense of stewardship, community participation in res-
toration and adaptation projects beyond outreach and 
education may be necessary. This is often challenging, as 
conservation managers may recognize the importance 
of community participation in wetlands preservation or 
migration efforts, but may not have the resources to over-
come certain impediments, which may include feelings 
of low personal efficacy, a lack of economic or political 
resources, and cultural norms.19  Another aspect that may 
deserve attention is the continued cultivation of a long-
term vision of how coastal communities and wetlands can 
benefit each other.

Prioritizing Communities 
and Projects

Project prioritization will necessarily depend on a num-
ber of ecological and geophysical issues, but it will equally 
depend on political and social factors. In identifying which 
communities are appropriate for pilot projects, there are 
arguments for whether planners should focus on communi-
ties with more resources or those with fewer. In initially 
targeting more affluent communities, new and experi-

Salt marsh near communities in Rockaways, Queens, New York
Source: Jessica Sheridan/flickr
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mental strategies can be tried out with less fear over the 
community-wide consequences should the experiment fail 
to some degree. Such communities may also have more 
institutional infrastructure. However, targeting affluent 
communities first also raises equity concerns, as resources 
are being directed to communities with more to begin with. 
While more affluent communities can potentially provide 
their own funding to a project, low- and moderate-income 
communities may be eligible for more funding. 

Approaches to Community Inclusion
Casagrande lays out a framework for incorporating com-
munities into urban wetlands restoration projects, which 
can likewise be applied to migration pathway projects. 
Local participation in the form of a participatory planning 
process helps build a sense of ownership within the com-
munity.20  

Project planners should provide resources and capacity 
building to local institutions and community groups to 
plan and implement restoration projects. It is important for 
planners to be sensitive to the priorities of the community. 
For many possible reasons, including the public percep-
tions of wetlands mentioned above and because wetlands 
can seem peripheral to everyday life, wetlands preservation 
and adaptation may not be a top priority. Engagement is 
most successful when planners use channels that already 
exist, including community meetings, PTA meetings, and 
Facebook groups. By taking the time and energy to form 

relationships and build trust, planners and community 
members may find a way to integrate the various stakehold-
ers’ priorities. 

Visualization is a powerful way to engage communities 
around adaptation projects. For a project at Kingston Point, 
New York, the Hudson River Estuary Program partnered 
with Cornell University students to produce renderings of 
the site in question. When such beneficial partnerships are 
not available, even photographs and renderings of similar 
sites in other areas can go a long way in helping the com-
munity articulate a long-term vision.

In New Haven, the West River Neighborhood Associa-
tion’s neighborhood plan includes restoration, including a 
school focused on environmental education that uses West 
River as hands-on learning, and efforts to link the restora-
tion with job creation and youth entrepreneur training, 
as well as aquaculture and urban eco-tourism (see case 
study, page 14). The role of facilitators in these projects 
is critical and challenging, as they must understand both 
the technical aspects of the project and the procedures of 
agencies and entities involved, as well as earn the trust of 
the community for the project to be successful. Demonstra-
tion projects can be one way to build support for a larger 
project. Finally, a standardized method for evaluating the 
success of the project against stated goals should be estab-
lished.

Tidal wetlands provide recreational services like kayaking to nearby communities
Source: Vanessa Barrios/RPA
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Human component of restoration ecology (adapted from 
Casagrande 1997)

 ⊲ Adaptive Behavior - How do people use the site?
 ⊲ Knowledge of the Ecosystem - What do community 

members know about how it works or doesn’t work?
 ⊲ Values and Perceptions - What do community members 

want from it or wish it could be?
 ⊲ Personal Efficacy - What do community members feel 

they can do about it?
 ⊲ Time and Money (i.e. resources) - How much is the 

community willing and able to contribute?
 ⊲ Community Structure - Who comprises the community 

and how are they organized?

A pilot study of the social significance of wetlands by the 
New York City Parks Natural Resources Group sought to 
measure the value and attachment of wetlands and other 
natural amenities to visitors of the Greenbelt Nature Cen-
ter. Results indicated an overall appreciation of a variety 
of habitats, but indicated a particular role of wetlands in 
creating place attachment.21 

The vision of a successful wetland may look different to 
a neighboring community than to the conservationist’s 
vision. Making a wetland accessible to the community is 
somewhat at odds with a traditional restoration project, 
and even minimally invasive treatments like catwalks can 
be challenging to permit.

Impediments
Community participation in wetlands adaptation, as in the 
planning process generally, can be challenging for a num-
ber of reasons and cannot be taken for granted. The first 
impediment is often the mindset of the team responsible for 
implementing the project. Planners, ecologists, engineers, 
and other experts must be open to learning from the com-
munity and adapting the project accordingly, and not sim-
ply educating them, in this case, on the benefits of wetlands 
restoration and migration. Building trust with communities 
is also a time commitment that may not be traditionally 
built into project budgets.

Despite the growing understanding of local and regional 
benefits of wetlands, they carry a stigma as unproductive, 
disease-ridden places. As far back as ancient Greece, Hip-
pocrates warned of the unwholesomeness of “fenny and 
marshy places” and their waters and produce.

There is also a question of what individuals are willing 
to do to allow for wetland migration. Field et al. (2017) 
surveyed over 1,000 Connecticut coastal landowners about 
their willingness to participate in various kinds of con-
servation agreements to allow for ecosystem migration 
due to sea level rise, including a conservation easement, 
land acquisition (buyout), restrictive covenant, or future 
interest agreement (where the owner agrees to relinquish 
the land in the future or in the event of storm damage, but 
receives compensation now). The survey found nearly half 
(45 percent) of respondents would not agree to any of the 
proposed agreements. Interestingly, the survey found that a 
restrictive covenant, which does not involve compensation, 
was a more popular option than conservation easements. It 
also found that respondents who placed importance on the 
value of marshes were not more likely to agree to any of the 
options. Finally, it also found that a greater awareness of 
the effects of climate change among respondents may actu-
ally cause them to seek hard, structural shoreline protec-
tion, thereby hampering wetland adaptation.22 
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Case Study: New Haven, Connecticut

West River Memorial Park
In the mid-1990s, the Connecticut Department of Energy 
and Environmental Protection (CTDEEP) and the Yale 
School of Forestry and Environmental Studies began 
exploring how to restore the tidal marshes of New Haven’s 
West River Memorial Park. Decades earlier, installed tide 
gates, dredged channels, and other interventions under-
taken to create a beautiful Olmstead-inspired park failed, 
instead creating “an ecological no-man’s land dominated by 
dense stands of common reed (Phragmites australis), which 
form visual and physical barriers to the water.”1

Researchers emphasized the importance of an interdis-
ciplinary approach, one that takes into consideration the 
ecological and social components of tidal marsh restora-
tion. The stagnant marsh obscured by tall reeds created a 
disconnect with surrounding neighborhoods, who per-
ceived the area as polluted and inaccessible. A survey of 
nearby residents identified a particular desire to see the 
park improve so they could use it to “escape and relax” and 
for “walking and jogging,” “enjoy[ing] views,” and “watch-

1 Casagrande, David G. 1997. “Values, Perceptions, and Resotration Goals”. 
Resotration of an Urban Salt Marsh: An Interdisciplinary Approach. David G. 
Casagrande, ed. Yale Forestry and Environmental Science Bulletin, 100.

ing wildlife.”2 The New Haven-based Center for Coastal 
Watershed Systems acted as facilitator between CTDEEP 
and the West River Neighborhood Association.

Three of the old timber tide gates were replaced with new 
self-regulating tide gates in 2012, which showed positive 
results almost immediately. It allowed for better water flow 
in previously stagnant areas, and water quality subse-
quently improved. Invasive species like Phragmites were 
removed and public access improved with a wooden walk-
way.3 The 2015 Watershed Management Plan continues 
the efforts to improve the park, with strategies to improve 
water quality through actions like eliminating CSO dis-
charge and increasing green infrastructure in surround-
ing neighborhoods, improving habitat protection through 
continued management of invasive species, increasing 
public access and connectivity of water bodies and open 
space, and promoting education and stewardship through 
outreach, events, and partnerships with local institutions.4

2 Casagrande 1997.
3 Save the Sound. 2015. West River Watershed Management Plan. Fuss & 
O’Neill.
4 Save the Sound 2015

West River Memorial Park in New Haven, Connecticut
Source: US Fish and Wildlife Service - Northeast Region
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Policy Foundation
While there is extensive literature on the science of wet-
lands migration, discussion on wetlands migration policy is 
lacking to date. However, wetlands migration policy closely 
intersects with other topical issues that have been more 
widely discussed, like living shorelines, storm protection, 
green infrastructure, and ecological conservation and 
restoration. 

All three states in the New York-New Jersey-Connecticut 
region have legal protections for coastal wetlands and 
regulate activities in and around them. However, these 
regulations did not anticipate the need for wetlands to 
migrate upland in response to climate change. And in some 
cases, the information driving permitting decisions may 
not be up to date. For example, New York’s regulatory maps 
for tidal wetlands are from 1974 and still designate what’s 
considered wetlands, even when conditions on the ground 
have changed in the decades since they were adopted. 
New Jersey updates its wetlands maps with periodic aerial 
photography, while Connecticut uses the permitting pro-
cess, putting the burden on the applicant to determine site 
conditions. 

New York State and Connecticut both have legislative 
mandates to account for climate change in their Coastal 
Management Programs. New York’s Community Risk and 
Resiliency Act requires the adoption of official sea level 
rise projections and mandates that agencies like NYSDEC 
and Department of State consider climate change across 
a variety of programs. Most relevant to wetlands migra-
tion, CRRA tasks NYSDEC with issuing guidance on the 
use of natural resiliency measures to increase community 
resilience. Connecticut in 2012 passed Public Act 12-101, 
which requires planners and developers to consider climate 
change, flooding, and erosion regarding coastal develop-
ment. New Jersey currently has no official legislation 
addressing climate change adaptation, but the New Jersey 
Department of Environmental Protection (NJDEP) has 
developed tools and information to help municipalities 
address climate change impacts. 

Policy Mechanisms

Buyouts/Land Acquisition
From both ecological and hazard mitigation points of view, 
buyouts are an optimal strategy for low-lying, flood-prone 
properties near tidal wetlands. By creating opportunities 

4. Policy and Implementation
to return developed land to nature, buyouts can increase 
the area for potential wetland migration and remove people 
from the flood zone. Land acquisition for the purpose of 
conservation is common, as is acquisition to reduce flood 
damages to a lesser extent. Coupling these two approaches 
for the purposes of climate change adaptation is a newer 
idea. While there are several recent or ongoing coastal 
property buyouts in the New York region (e.g., New Jer-
sey’s Blue Acres program, or New York State’s NY Rising 
program), none currently has the capacity to shift from a 
short-term, disaster recovery strategy to a long-term and 
comprehensive adaptation program at the scale sea level 
rise necessitates.1  

Because buyout programs are voluntary, incentives can be 
provided to get areas as close to full participation as pos-
sible, but in many cases holdouts will remain. Fortunately, 
no matter the buyout pattern, whether fragmented with 
holdouts or complete, restoration can work on many scales, 
from pocket parks and small-scale wetlands restoration to 
large-scale reestablishment of coastal wetlands.2  Depend-
ing on the program, land acquired with a buyout may be 
required to remain undeveloped. For example, in the case 
of buyouts using FEMA Hazard Mitigation Grant Program 
funding, land must be dedicated as open space in perpetu-
ity; most structures, including walled buildings, levees, 
floodwalls, and paved roads, are prohibited.3  

Complications and tensions around restoration efforts can 
arise even after properties are closed, however. For some 
properties acquired through NY Rising, restrictions, rather 
than prohibition, on new development is the policy. In cases 
where holdouts remain in the area, not only must infra-
structure remain largely in place, but remaining residents 
can object to the aesthetics of areas returning to nature or 
the local government’s inability to control illegal dumping, 
in some cases even mowing land after being instructed to 
let it grow.4  Most buyout programs to date do not include 
funding for restoration or even maintenance of sites, which 
can lead to neglect and neighbor frustration.5 

Living Shorelines
The growing discussion of living shorelines is an encour-
aging development for wetlands adaptation. Limiting new 
hard shoreline protection measures, and potentially replac-
ing existing bulkheads and riprap with living or hybrid 
shoreline protection, will allow for more wetland migration 
opportunities. With the right land use restrictions in place, 
there is evidence to suggest that wetlands have the ability 
to migrate onto different types of land cover. Anisfeld et 
al. (2016) found that there was no difference in the pace of 
marsh development between lawns and forest. 
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In recent years, living shorelines have been slowly gain-
ing political traction. Maryland passed a Living Shoreline 
Protection Act in 2008, which makes living shorelines the 
default shoreline treatment unless the permit applicant 
can demonstrate that a harder stabilization technique is 
necessary. However, the Maryland law does not explicitly 
address sea level rise or wetland migration. 

In 2017, NYSDEC released guidance for implementing 
living shoreline techniques, and a report by the National 
Wildlife Federation in collaboration with NJDEP and many 
others likewise provides guidance for New Jersey commu-
nities.6 7  In New York State, the living shoreline guidance 
applies to both “generally compatible activities” and “pre-
sumptively incompatible” activities like placing fill below 
the high-tide line, but the presumption can be overturned 
if the benefits of the natural or nature-based infrastructure 
can be demonstrated.8  Among the items living shoreline 
permits will be evaluated for is the ability of the project to 
create space for wetland expansion. 

New Jersey Coastal Management Rules allow for living 
shorelines as long as they disturb a minimal amount of 
special areas and do not fill beyond the footprint of the 
shoreline, except for structural components necessary for 
reducing wave action (NJSA 7:7-12.23). The Stevens Insti-
tute has prepared living shoreline guidance for NJDEP that 
acknowledges the potential of living shorelines to adapt to 
sea level rise gradually but warns about the sensitivity of 
marsh vegetation to rapid changes.9 

Connecticut’s Public Act 12-101 of 2012 calls for the con-
sideration of alternatives to hard shoreline stabilization 
techniques. CT DEEP and the Connecticut Institute for 

Resilience and Climate Adaptation (CIRCA) are currently 
researching the science, policy, and implementation issues 
around living shorelines in Connecticut, from design-
ing local restoration and management plans to studying 
changes in ecosystem services.

Rolling Easements
Whether as (1) regulations that prohibit shore protection 
or (2) property rights to ensure that wetlands (or beaches, 
barrier islands, or shore access) move inland with a shore’s 
retreat, rolling easements decrease or eliminate the con-
tinued use of coastal property as sea level rises, believed to 
be less costly than either preventing development or failing 
to plan. While states like Maryland and Massachusetts 
have employed various models and combinations of rolling 
easements to promote coastal wetland migration, the idea 
is still in the early stages in the New York region.10, 11   The 
“Building Ecological Solutions to Coastal Community Haz-
ards” report for New Jersey advanced the idea of using roll-
ing easements in designated conservation zones to allow for 
marsh migration.12 

Examples of relevant rolling easements include: 

 ⊲ Local zoning or state regulation that prohibits shore 
protection;

 ⊲ Permit conditions that require public access along dry 
beach in return for building permit;

 ⊲ Affirmative easements that allow for continued public 
access as a beach migrates;

 ⊲ Conservation easements that prohibit shore protection 
structures such as dunes, bulkheads, and sea walls; 

 ⊲ Restrictive covenants wherein owners are mutually 
bound to avoid shore protection;

Coastal marsh within an increasingly frequently flooded neighborhood in Mastic Beach, New York
Source: RPA
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Case Study: Contra Costa County, California

North Richmond Shoreline Vision
The North Richmond Shoreline Vision, initiated by the San 
Francisco Estuary Partnership in 2017, is one recent exam-
ple of incorporating long-term wetlands adaptation plan-
ning into a larger resilient community vision. The project, 
collaborating with The Watershed Project, San Francisco 
Estuary Institute, Urban Tilth, and over a dozen public 
and non-profit partners, sought to articulate a community-
informed vision for the future of several square miles of 
coastal Contra Costa County—specifically, the transition 
zone between tidal wetlands and upland areas. The area, 
once primarily tidal wetlands and creeks, is today also 
home to several primarily black and Latino neighborhoods, 
heavy industry, a landfill, regional parks, and recreational 
trails. 

Through an engagement process with local residents and 
park visitors, the project team was able to gain insight into 
the community perceptions, wants, and needs regarding 
the shoreline. The study area’s residential areas are some of 
the most critical environmental justice communities in Cal-
ifornia. Despite close proximity, the communities generally 
lack easy access to nearby natural areas. Most people who 
currently visit shoreline parks are not local residents.

The vision lays out five strategies:

 ⊲ Protect and conserve open space through voluntary 
property acquisition, and changing land use designa-
tions along the shoreline to comply with existing plans.

 ⊲ Improve and increase shoreline public access and 
understanding, through trail network expansion, 
improved pedestrian access to the shoreline, and instal-
lation of interpretive material.

 ⊲ Advance community revitalization through “compatible 
uses within the transition zone”, and development of 
renewable energy pilot projects.

 ⊲ Restore and enhance a diversity of habitats and living 
resources, through living shoreline projects, expansion 
of recreation and restoration activities, and adaptive 
management practices learned from recent projects, 
and design a “horizontal levee” to incorporate treated 
wastewater into nature-based infrastructure.

 ⊲ Build capacity for equity, environment, and economic 
development among stakeholders, by establishing a 
standing working group, pursuing local alternative 
energy production and manufacturing, increasing local 
cooperative food production, developing a local green-
collar jobs workforce, and creating economic incentives 
for businesses and homeowners to reduce impervious 
surfaces and address stormwater.

Through specific actions like property acquisition and the 
limitation of land uses and new permanent structures in 
areas that anticipate future flooding, the Vision preserves 
the transition zone for future tidal wetlands, along with the 
benefits they bring to upland communities. By tying these 
issues into other community priorities like economic devel-
opment and environmental justice, urban greening, and 
alternative energy production, the Vision points toward a 
robustly resilient future for the North Richmond Shoreline.

Source: San Francisco Estuary Institute. 2017. “North Richmond Shore-
line Vision: A community-based approach to planning for the upland 
transition zone.”

Point Pinole Shoreline in Contra Costa County, California
Source: Alex/flickr

17



Wetland Migration | Regional Plan Association | September 2018

 ⊲ Future interests that transfer ownership as sea level 
rises to a predetermined level; 

 ⊲ Statutory reform in New York sets a time limit of 21-60 
years. Common law applies in New Jersey and Con-
necticut; 

 ⊲ Migrating property lines, which move as the shore 
erodes, with waterfront parcels migrating inland;

 ⊲ Transferable development rights that grant adjacent 
(upland) land to owners who yield land to sea level rise. 

Theoretically, rolling easements are appealing to property 
owners because they allow for them to develop or maintain 
the land as developed for as long as they see it to be cost-
effective—deriving more use from the land than they would 
under a no-development easement. The high premiums 
associated with oceanfront property theoretically incent 
homeowners to maintain their property until the threat of 
inundation is imminent, even as termination payments can 
be minimal. 

In practice, it seems that property owners remain skeptical 
about granting easements, and see restrictive covenants 
and future interest agreements more favorably.13  Either 
way, questions remain around how to, first, ensure that 
owners or buyers do not make investments inconsistent 
with the eventual abandonment of the property and, 
ultimately, discourage blight and encourage maintenance 

as the property transitions from a livable investment to 
naturally reclaimed, and in the meantime to rented from 
owner-occupied and seasonal from year-round.14 
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Space.
4 Environmental Law Institute. 2017. “Floodplain buyouts: An Action Guide 
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Connectivity, and Resilience.”
5 Freudenberg et al. 2016. 
6 New York State Department of Environmental Conservation. 2017. “Tidal 
Wetlands Guidance: Living Shoreline Techniques in the Marine District of New 
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Wetlands Guidance: Living Shoreline Techniques in the Marine District of New 
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US Army Corps of Engineers Marsh Restoration in Jamaica Bay, Queens, New York
Source: US Coast Guard
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Salt marsh in Jamaica Bay Wildlife Sanctuary.
Source: Ellis Calvin/RPA
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Approaches
Evaluating the potential approaches and strategies to wet-
land migration, specifically in urban areas, lies at the inter-
section of ecology, planning, and policy. Understanding the 
spatial context of the potential wetland migration pathways 
is necessary to develop appropriate strategies. Allowing 
coastal wetlands to naturally migrate into upland areas 
where ecological conditions allow is the most straightfor-
ward approach, but it may not be an option in many urban 
areas, where the removal or relocation of development 
would be needed. In such an urbanized region, however, 
the most straightforward approach is rarely applicable. 
The question is whether there may also be “compromise” 
approaches to wetland migration into urban areas that 
may alter the character of both the wetlands and the 
surrounding community but maintain their most vital 
aspects and, crucially, adapt both to sea level rise. Tools 
like the Dynamic Marsh Migration Tool being developed by 
Warren-Pinnacle, which integrates modeling and stake-
holder values to produce cost-benefit ratios, could be useful 
in answering this question.

RPA conducted a regional analysis to identify potential 
wetland migration pathways and their physical and social 
contexts. Building on a combination of existing and new 
SLAMM modeling data, pathways were developed and 
overlaid with a number of spatial metrics. The resulting 
analysis is primarily a screening tool, helping to prioritize 
sites of intervention by identifying the opportunities, ten-
sions, trade-offs, and exigencies.  

Prioritization
To lead to decision-making, the analysis must be paired 
with value judgments. Should agencies and organizations 
target pathways where existing wetlands have the highest 
projected risk of drowning, or areas with the potential to 
expand into larger continuous tracts of wetlands? Should 
pilot projects target marginalized neighborhoods for 
reasons of equity, or does the risk of failure make it coun-
terproductive? Should wetlands preservation be targeted 
in areas with heavy pollution as a part of the remediation 
process, or in areas free of contamination?

While ecological and physical factors are critical in 
evaluating suitability for wetlands restoration and migra-
tion, social factors should also be considered, as discussed 
in Chapter 3. The question of equity in such projects is 
important to consider. When deciding where to implement 
projects first, targeting lower-income, socially vulnerable 

5. Planning for Wetland Pathways

communities could be the more equitable option. On the 
other hand, for projects of an experimental nature with 
uncertain outcomes, there is a question of whether they 
would be more ethically implemented in communities with 
more resources.

Pathways
For the purposes of this analysis, wetlands pathways are 
the areas that could plausibly convert to wetlands by 2100, 
whether blocked by existing development or not. Due to 
the difference in sources and methodologies of SLAMM 
studies throughout the NY-NJ-CT region, the develop-
ment of wetland pathways for this analysis used several 
different methodologies. Rather than rely on deterministic 
results, the pathways were generated from the probabilistic 
SLAMM results, encompassing areas with a greater than 10 
percent chance of being coastal wetlands in 2100, accord-
ing to the respective SLAMM uncertainty models. The 
exception is for the Hudson Valley, where the pathway was 
generated from Scenic Hudson’s pathway layer, comprising 
areas of predicted coastal marsh in 2100 in at least one of 
six scenarios. Developed areas, although prevented from 
conversion to marsh in the models, were included in the 
pathways to help identify areas where existing develop-
ment may be blocking migration. 

The existing wetlands migration model for New Jersey 
from the Center for Remote Sensing and Spatial Analysis 
at Rutgers used a methodology and time frame (up to 2050 

Acres of current tidal wetlands: 72k 
Percent at risk of drowning by 2100: 51%

Acres of contiguous, minimally-obstructed 
potential wetland pathway: 100k 
Acres of fragmented or obstructed 
wetland pathway: 93k

Percent of pathways in 
public ownership: 76%

Land use in pathways 
 Open space: 42% 
 Residential: 26% 
 Other: 31%

Population within the pathway: 692k 
Percent communities of color: 38%
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rather than 2100) that was determined to be incompatible 
for direct comparison with the other studies. RPA devel-
oped a coarse probabilistic SLAMM model for coastal New 
Jersey, following the methodology of the New York State 
Energy Research and Development Authority (NYSERDA) 
and the New England Interstate Water Pollution Con-
trol Commission (NEIWPCC) studies where applicable, 
including sea level rise scenarios and factors like marsh 
erosion and accretion. Other parameters like tide levels and 
extreme water levels were obtained to better model local 
conditions where possible. As with the models for New 
York City, Long Island, Westchester County, and Connecti-
cut, the threshold of 10 percent likelihood of coastal marsh 
in 2100 determined the wetland pathway. The results, 
while cruder than the other in-depth SLAMM studies ref-
erenced previously, aligned closely with the Rutgers marsh 
migration study, only extrapolated to 2050.

Developing Metrics
On a regional level, the metrics by which sites for wetland 
migration are chosen has only just begun to develop. Scenic 
Hudson’s 2015 wetland migration study included an analy-
sis of potential pathways, identifying areas to consider for 
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Pathway
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Current Coastal Wetlands and 
Potential Pathways by County
The extent of the pathway in this analysis assumes no 
blockage from development, but current land cover, whether 
development or existing wetlands, will have an effect on 
the likelihood of migration. Generally, the areas within 
the pathway that are both undeveloped and contiguous 
to existing wetlands have a greater likelihood than areas 
of existing development, or areas blocked by current 
development or are not adjacent to existing tidal marsh.

The extent of current wetlands is threatened more in 
some areas than in others. On Long Island, the proportion 
of current wetlands with a greater than 50 percent 
chance of drowning by 2100 is nearly two thirds, making 
viable wetlands pathways particularly critical there.

acquisition based on factors like public and private owner-
ship, in addition to the land cover metrics inherent to all 
SLAMM studies. To better understand the physical, social, 
and policy context, RPA developed several additional physi-
cal and social metrics to assist in prioritizing potential 
pathways for wetland migration.
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Wetland Pathways and Development

Existing Development
The first and most significant metric 

to consider is where pathways con-
flict with existing development. In 
the densely populated and urbanized 

New York region, most areas of wet-
land pathway eventually run up against 
development in the form of roads and 

buildings. The SLAMM models assume 
existing development remains in place, 
becoming categorized as “flooded devel-

opment” as it becomes tidally inundated. 
As these areas begin to flood over the next 

century, however, some may begin to retreat 
from the shoreline, although how and how 
many depends on policy. 

Existing Wetlands
It is assumed that wetland migration is more likely in areas 
adjacent to existing tidal wetlands. Since most of the mod-
eling assumes tidal wetlands can develop where geophysi-
cal and tidal conditions are suitable, there are pathways 
with no adjacent wetlands today. Whether those areas can 
develop tidal wetlands is not yet well understood. In some 
cases, a pathway for migration may exist where little or no 
tidal wetland currently exists. In other cases, tidal flooding 
may overtake existing nontidal, freshwater wetlands.

The threat of losing existing wetlands is also crucial to 
consider. In some areas, existing wetlands may be at a high 
risk of being submerged whether or not a potential pathway 
for migration exists.

Wetland Pathways and conflicts with existing development
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Bridgeport, Connecticut
As coastal roads begin to flood and 
governments must assess whether to 
elevate or remove them, the opportunity 
to expand wetland migration should be 
a consideration, particularly in areas 
where pathways are blocked by coastal 
roads with open space on either side.

South Shore, Staten 
Island, New York City
Along the South Shore of Staten 
Island, the areas where tidal wetlands 
currently exist, around Great Kills and 
Oakwood Beach, do not have much 
room for migration. Further north, the 
lowlying non-tidal marshes between 
South Beach and Midland Beach may 
be converted into tidal marsh with 
strategic intervention. However, at 
present the Army Corps of Engineers 
plan for a berm along the South Shore 
would make this possibility less likely.
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Mastic Beach, Long Island
The existing wetlands around Mastic Beach are almost all at risk of 
drowning from sea level rise. Even in the parts of the pathways that 
appear lightly developed, existing roads not captured at the model 
resolution would cause problems for migration if not removed.
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Public and Private Ownership in the Pathway

Ownership
The feasibility of different interven-
tions can depend on whether the 
parcels within pathways are publicly 
or privately owned. Publicly owned 
land may already be protected from 
development, but even when not it can 

be easier to obtain protected status. 
Protecting private land can be accom-
plished through acquisition or conserva-

tion easements, which is costly, or other 
methods like protective covenants that 

limit development that interferes with 
wetland migration. The size of parcels in 
the path of wetland migration also affects 

which approaches are more feasible. Nego-
tiating with one large private landholder is 

a different process from dealing with many 
smaller landholders.

Ownership and Land Use

Note: Ownership data not available for Connecticut

Nearly half (46 percent) of land within the wetland path-
way is publicly owned. With its many waterfront parks, 
New York City is the subregion with the largest percentage 
of publicly owned pathway (56 percent), although small in 
absolute area.

Land Use
The land use and density of development in areas adja-
cent to existing tidal wetlands can have an impact on how 
marsh restoration and migration projects are planned. 
Nearby commercial and industrial uses could indicate both 
challenges in keeping project areas safe from externalities 
like pollution or heavy traffic, and also a greater need for 
remediation or opportunity for visible and accessible open 
space. Institutional uses, such as governments, churches, 
and university campuses, may signal opportunities for civic 
collaboration on protecting wetland pathways.

Contaminated sites
Contaminated sites registered with the EPA in the proxim-
ity of wetland pathways may indicate the need for remedia-
tion.
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Note: Land use data not available for 
some municipalities in Connecticut

Land use in the wetland pathway (bold) and within 0.25 mi of pathway (faded)

Land use in the pathway varies greatly throughout the New York 
region. The Hackensack and Raritan Estuaries of New Jersey 
are predominately industrial and transportaiton. The northern 
portion of the Jersey Shore is residential and commercial, while 
much of Barnegat Bay is already preserved as open space. 
Long Island is primarily residential and open space, while 
Connecticut is similar, but with small urban centers mixed in. 
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Raritan River, New Jersey
Land use is only one dimension 
necessary in understanding potential 
pathways. Formerly industrial or 
contaminated sites could complicate 
the approach at the same time it makes 
adaptation more critical than ever, to 
clean up contamination before the 
site is submerged. At the same time, 
land use may obscure the feasibility 
of restoration or adaptation. The large 
parcel north of the Raritan River in 
Woodbridge, NJ is mostly undeveloped 
despite being cataloged as industrial.

Bridgeport, Connecticut
While heavily devloped with industry, 
including many brownfield sites, the land 
use may indicate an opportunity as well. 
Much of the pathway is already a park, 
and the area of blue “institutional” use is 
the University of Bridgeport. Educational 
institutions may be helpful partners 
in planning for wetland migration.
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Social Dimensions

Low-income communities

Surrounding demographics
The benefits of wetlands restoration 

and migration to surrounding commu-
nities (e.g., access to natural areas, flood 
protection) bear the need to consider the 

demographics of communities adjacent 
to tidal wetlands. Socially vulnerable 
communities in particular, or those that 

lack the resources and services provided 
by wetlands, can reap a potentially greater 

benefit. The potential social costs, as could 
arise if properties are bought out to make 
room for tidal wetlands, must also be carefully 

considered. 

Proximity to additional open space
When considering the social benefits of a wetland restora-
tion or migration site, the amount of additional open space 
accessible to the surrounding community is another factor 
to consider. Wetland restoration and migration projects 
may be designed in a way that provides a valuable ecosys-
tem service to adjacent communities.

Surrounding flood vulnerability
The amount of land and population vulnerable to coastal 
flooding is one factor to consider in prioritizing the conser-
vation and migration of coastal marshes. Many communi-
ties in the region already rely on coastal marshes for some 
level of flood protection, and a loss of marshland could 
exacerbate existing flood risk. 
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Housing Tenure

Most of the existing policy tools available for adapting coastal 
wetlands and surrounding communities are targeted at 
homeowners, but in many parts of the region renters are the 
majority. Planning for wetland migration should be developed 
to ensure benefits and costs are distributed equitably 
across the community, regardless of housing tenure.
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Flushing Meadows-Conora Park, Queens, New York
Flushing Meadows Corona Park in Queens, New York City, was 
created by converting a low-lying  creek and neighboring ash 
dump into a park for the 1939 World’s Fair. Today the park serves 
as vital open space for the majority immigrant surrounding 
communities. Much of the park lies within potential wetland 
pathways, and although its condition as an existing park may 

make it more feasible for pathway protection than other areas in 
heavily-developed New York City, the neighboring communities 
rely on the park for recreation. As the park inevitably experiences 
more flooding with sea level rise, the city will have to determine 
whether protecting valuable recreational open space or to allow the 
park to return to nature, with or without restoration of wetlands.
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Metedeconk River, New Jersey
The communities behind several square miles of existing marshland 
around the mouth of the Metecedonk River in New Jersey 
contains more than 18,000 people at risk of flooding by 2050, a 
number that could increase if existing marshland disappeared. 
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As with climate change adaptation more generally, there 
is no single or simple strategy for wetlands adaptation that 
will work for the myriad types and geographic and social 
contexts found in the New York region. The research, 
analysis, and discussions within this study point to a series 
of recommendations for how the region should move for-
ward in better understanding the challenge and opportuni-
ties of migrating wetlands and how we might best protect 
and create new pathways; update our planning, policy, and 
regulatory tools; and better communicate the value of wet-
lands to the region’s residents. The following recommenda-
tions reflect and expand upon those put forward by Scenic 
Hudson’s “Protecting the Pathways” report.

KNOW the Pathways
Wetland migration, by definition, is a dynamic process that 
will need to be closely monitored over time. Maps of wet-
lands used today give a sense—in some states more accurate 
than others—of where existing wetlands are, while models 
like SLAMM help us to envision where they might move 
as sea levels rise. As our coastline changes, we will need to 
continually update our knowledge of where wetlands are 
and which pathways they may follow. The following rec-
ommendations aim to ensure that our knowledge around 
wetlands’ current and future locations are up to date and as 
accurate as the latest technology will allow.  

Ensure that wetlands maps used for permitting and 
other regulatory actions are updated frequently. 
While activities in and around wetlands are regulated in 
New York, New Jersey, and Connecticut, the data inform-
ing these decisions differs in each state. If wetlands 
migration is going to be factored into future planning and 
regulatory decisions, regulators will need to know the most 
current extent of wetlands under their jurisdiction at any 
given time. Different approaches can be used—including 
periodic aerial photography updates or putting the burden 
on permit applicants to map sites—but each state should be 
making decisions with the most accurate data possible.  

Regularly update sea level rise and wetland 
migration models to reflect the latest projections. 
Projections of sea level rise—which drives wetland migra-
tion—are continually changing based on multiple condi-
tions, including global temperature and ice melt. Both New 
York and Connecticut have adopted official sea level rise 
projections, and Rutgers University has produced projec-
tions for the state of New Jersey, but these projections 

6. Recommendations
should be updated periodically as New York City does with 
its New York City Panel on Climate Change to reflect the 
latest research and on-the-ground findings.

Incorporate wetland migration 
pathways into state level data.
Each state has its own version of GIS, data-driven maps 
that are updated periodically and include various lay-
ers that intersect with policies and regulations. Wetland 
migration pathways should be included as a data layer on 
these platforms, updated as models are updated.

Consider regional approaches and methodologies. 
New York, New Jersey, and Connecticut share common 
coastlines and are part of a connected metropolitan region. 
Therefore, shared approaches to science and methodolo-
gies around sea level rise and wetland migration will help 
to ensure the most effective solutions. In its Fourth Plan, 
RPA has called for the establishment a Regional Coastal 
Commission. Such a body would help to ensure information 
sharing and common approaches across boundaries around 
this and other topics. 

PROTECT the Pathways
Through the modeling that has been carried out in this 
and other projects’ analyses, we have a clear sense of the 
places where wetlands are likely to migrate at different sea 
level rise and accretion rates. These priority places—where 
current and future wetland habitat is intact and unencum-
bered—should be managed and protected in the near term.  

Actively manage wetlands to promote 
successful migration.
Intact wetlands with available pathways to migrate in the 
future should be managed today in ways that ensure their 
health and vitality. Scenic Hudson references protected 
wetlands and those on public lands in the Hudson Valley as 
those with the greatest potential for coordinated manage-
ment, to ensure maintenance of wetland composition and 
monitoring going forward (Scenic Hudson, 2016). This 
report introduces several additional metrics important to 
developing strategy for promoting wetlands migration, 
including land use and socioeconomic factors of the sur-
rounding community. 

Protect and conserve priority pathway parcels.
Where models project that wetlands are highly likely to 
migrate over time, priority pathways—unprotected and 
undeveloped parcels most suitable to host future wet-
lands—should be determined and action taken to protect 
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them. Protecting pathways can be accomplished through 
fee simple acquisition, though conservation easements, 
and even restrictive covenants, could become a very use-
ful—and less costly—tool to achieve this objective (Scenic 
Hudson, 2016).

Discourage infrastructure and other development 
investments in priority pathways.
Absent acquisition or conservation easements, states and 
localities can take steps to ensure that development and 
investments in infrastructure are discouraged in these 
priority areas through zoning and regulatory measures. As 
the necessity arises to rebuild inundated coastal roads in 
high-priority pathways, new or relocated roads should be 
built in a manner to allow for wetland migration, such as on 
pilings.

CREATE New Pathways
As the region’s coastline continues to change and states and 
municipalities begin to take more proactive steps to adapt, 
opportunities to create new pathways in already developed 
places will arise and should be acted on.

Restore wetland habitat in suitable places.
There are many places in the region where wetland loss 
has occurred, degraded by pollution, weakened by frag-
mentation, replaced by fill, or cut off from the water by 
hardened shorelines. As we consider a future with migrat-
ing wetlands, restoration of lost wetland habitat becomes 
increasingly important and can open up new pathways of 
migration in places with suitable upland. In some places, 

restoration can be carried out by replacing hardened 
structures, such as seawalls or bulkheading, with more 
sustainable shorelines and actively managed to aid future 
migration. Restoration efforts carried out by federal, state, 
local, and nonprofit entities should consider the potential 
for migration when prioritizing restoration sites. Addition-
ally, underwater lands formed from dredge soils could also 
become important space for restoration and future path-
ways, as they can stabilize marsh edges and allow more 
time for wetlands to adapt to rising sea levels and salinity 
changes. 

Integrate wetlands into developed places.
Perhaps less studied than other migration pathways is the 
potential to create pathways into already developed places. 
Whether it’s waterfront parks that replace sections of 
bulkheaded esplanades with living shorelines and restored 
tidal habitats or waterfront homeowners and businesses 
that choose to remove barriers and coexist with wetlands 
on-site, the built environment of the future can play a role 
in accommodating migrating wetlands. States and localities 
will need to determine how policies might need to shift to 
manage this new waterfront, including how to deal with 
privately owned coastal properties. Innovative design will 
be necessary to balance ecological and aesthetic objectives.

IMPROVE Planning and Policy
Policy and regulatory tools to adapt wetlands to sea level 
rise already exist, but they fall short in coping with the 
scale of the challenge of preserving tidal wetlands. With 
improved and regularly updated models and projections, as 

Salt marsh in Jamaica Bay Wildlife Sanctuary, Queens, New York
Source: Ellis Calvin/RPA
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well as a focus on protection and creation of new wetland 
pathways, states and municipalities will need to update and 
create new planning activities, policy actions, and regula-
tions to successfully implement wetland migration.

Integrate wetlands migration into federal 
and state coastal management policies.
Federal coastal management programs carried out by 
New York, New Jersey, and Connecticut currently do not 
adequately address wetlands migration as an issue to be 
managed. At the federal level, trainings like “Marshes on 
the Move” should be distributed widely and frequently 
updated. State coastal programs should serve as the pri-
mary clearinghouse of information around wetlands migra-
tion and provide guidance to municipalities on ways to 
accommodate wetlands. At the regulatory level, state-level 
wetlands permitting rules and regulations will need to be 
modernized to integrate the reality of migrating wetlands. 
Lands currently not considered to be wetland habitat will 
be in the future, and agencies should begin to prepare for 
the unanswered questions around permitting that will 
arise in response.

Develop channels for interagency 
cooperation at the state level. 
As sea levels rise, infrastructure—such as roads and 
railways—will need to be adapted so that it is not flooded. 
Hardened, linear structures are a frequent impediment to 
wetland migration. As investments will inevitably be made 
in adapting these networks, interagency cooperation—
including transportation and environmental departments—
will be required to design infrastructure that also allows 
for restoration of natural systems and migration. Legisla-
tion like New York’s Community Risk and Resiliency Act 
(CRRA) serves as an important model for other states in 
integrating the impacts of climate change into state permit-
ting and investments. As part of the guidance and inter-
departmental integration being developed as a result of 
CRRA, wetlands migration should be addressed.  

Integrate wetlands migration into 
local planning and zoning.
At the local level, zoning ordinances and master planning 
processes should also begin to integrate the concept of 
wetlands migration. Development in migratory pathways 
should be limited through zoning, and local master plans 
should focus on resilience and steps to address sea level 
rise, including resulting wetland migration. States and 
counties should provide technical assistance to apply sea 
level rise projections and wetlands migration models to 
future development decisions.

Support fully-funded buyout programs that 
enable wetland restoration and migration. 
New Jersey is the only state in the region with an ongoing 
buyout program. New York’s program will end when Sandy 
funds are fully expended, and Connecticut buyouts have 
been through the federal USDA program after a disaster. 

Each state should have its own ongoing program with suf-
ficient funding to purchase the most-at-risk homes. Buyout 
programs should also use criteria including places where 
wetlands could be restored and migrate when prioritizing 
buyout areas.  

Explore new forms of conservation agreements, 
like future interest agreements. 
Current strategies for acquiring land for either conserva-
tion or flood protection are not designed to meet the needs 
brought on by sea level rise. High costs, political will, place 
attachment, and lack of alternative housing all complicate 
the issue in different parts of the region. Recent studies 
also suggest that coastal property owners may not favor 
commonly used conservation agreements like easements. 
Less common arrangements like future interest agree-
ments allow property owners to receive compensation for 
their property but stay in place until it is no longer viable to 
do so. States should begin to explore how these alternatives 
could work and pilot them in select locations. 

RECONNECT People and Wetlands
Beyond policies and procedures, the relationship between 
people and wetlands is in need of significant improve-
ment. Historically, wetlands were considered swamps that 
needed to be tamed or defeated. Today, knowledge of the 
value of wetlands is expanding. From absorbing floodwa-
ters and mitigating wave action, to cleaning up contami-
nants and sequestering carbon, to providing habitat for 
critical species, wetlands provide tremendous value to 
humans. The following steps can help establish impor-
tant connections to ensure the viability of wetlands in the 
future.  

Cultivate a clear vision through the 
use of visual materials. 
Compelling visual materials that incorporate long-term 
and holistic implications of sea level rise and how different 
interventions will affect the community are crucial to com-
municating what can easily seem like complex and remote 
concepts. Graphics may be created through partnerships 
with students in design programs. At a minimum, pho-
tographs of similar existing interventions elsewhere can 
help create a clear mental image. Ultimately, participatory 
planning is most successful when participants have clear 
visuals to reference.

Reconnect coastal communities with the ways 
natural systems affect their community. 
In some cases, solutions are contingent on shifts in public 
perceptions and behavior regarding wetlands. Helping 
people reconnect with how their daily life on the coast is 
shaped by wetlands—and how their loss may have personal 
consequences—would also facilitate the kinds of projects 
and policies discussed in this report. Reestablishing the 
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Meadowlands Climate Park
Regional Plan Association’s Fourth Regional Plan calls for 
the creation of a National Park in the New Jersey Meadow-
lands. The setting is unlikely when compared with most 
existing parks: highly developed and suffering from many 
decades of concentrated pollution. Given it’s setting at the 
frontlines of climate change impacts, including coastal 
and storm-related flooding, the Meadowlands invites the 
opportunity to serve as a new model of park – a climate 
resilience park  – that expands as sea levels rise and helps 
to educate about and protect communities from the impacts 
of climate change and our responses to it.

Dedicating the Meadowlands as a climate park would help 
to spur investments and provide a formal framework to not 
only help its tidal marshes recover from over a century of 
pollution, but also help adapt the surrounding communi-
ties adapt to sea level rise and storm surge. Preserving and 
expanding the existing tidal marsh as sea level rises could 

help protect adjacent areas from floodwaters. Additionally, 
there is a legacy of long-term transition for communities 
within park boundaries.

A new climate park is unlikely to be created overnight. One 
initial step may be to create a state park preserve, and form 
a coalition of local and state partners, from groups like 
Hackensack Riverkeeper to surrounding communities and 
New Jersey Sports and Exposition Authority, the managing 
state authority. This kind of endeavor in the Meadowlands 
could be a great opportunity to align wetlands preservation 
and community adaptation, while also changing percep-
tions of just how valuable tidal wetlands are to the New 
York region.

Source: Regional Plan Association. 2017. “Establish a national park in the Mead-
owlands.” The Fourth Regional Plan.

connection to coastal wetlands could also empower resi-
dents to accommodate rising sea levels more proactively 
rather than waiting until conditions become untenable.

Communicate the holistic picture of how 
sea level rise will affect communities. 
Emphasizing the way everyday life will be increasingly 
shaped by climate change and how we adapt to it will be 
critical. Compelling visuals are essential, but it is also 
necessary to share, to the extent possible, the trade-offs 
that come with any solution. For example, elevated homes 
may allow for peace of mind when it comes to avoiding 
storm surge, but they are also more susceptible to freezing 
pipes in the winter, and surrounding roads may become 
increasingly flooded during king tides. Wetlands may not 

block a storm surge as abruptly as a bulkhead or wall, but 
they provide the myriad of additional benefits previously 
mentioned.

Use public lands and parkland as 
wetland migration laboratories.
Whether federal, state, county, municipal, or NGO-owned, 
waterfront parks and public space present an opportunity 
to test out wetland migration. Working closely with state 
agencies, we can turn parks into important demonstration 
areas to showcase our changing coastline by letting the 
water in, restoring habitat, and creating space to migrate.
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Summary
The New York Tri-state Region is fortunate to have had 
major wetland migration studies conducted along its entire 
coastline. All five of the largest studies used SLAMM in 
some capacity. SLAMM is a deterministic model that deter-
mines land cover change based on a combination of metrics 
including elevation, slope, tide ranges, accretion, and ero-
sion. At each time-step, the new sea level triggers a deci-
sion tree that determines if one type of land cover converts 
to another. Since its development in the 1980s, SLAMM 
has continued to refine its model, recently adding mod-
els to account for roads and infrastructure, storm surge, 
and marsh collapse. However, the model is still limited 
in accounting for biological, ecological, or socioeconomic 
feedback. SLAMM remains the most accessible model for 
identifying potential conflicts between wetland pathways 
and communities.

While the five major wetland migration studies in the 
region have some similarities, most used considerably dif-
ferent parameters, scenarios, and data sources, depending 
on the geography and purpose of the study. The NYSERDA 
study of Long Island and NYC and the NEIWPCC study of 
coastal Connecticut and Westchester County, both carried 
out by Warren-Pinnacle, were conducted using very simi-
lar methodologies in terms of SLR scenarios, land cover 
categories, and time steps, and could be easily compared. 
The recent update of the Connecticut coastal study, this 
time by the Northeast Regional Oceans Council (NROC) 
and Warren-Pinnacle, builds on the NEIWPCC study, but 
takes advantage of updated data and new features in the 
latest version of SLAMM (6.7). The Scenic Hudson study 
of the Hudson Valley and Rutgers study of New Jersey are 
both use simplified land cover categories due to data and 
resource availability. The New Jersey study is also only to 
2050 (the rest run to 2100), and uses a coarser resolution. 

Long Island and NYC (NYSERDA)
 ⊲ Geographic Scope: Long Island and NYC, plus southern 

part of Westchester along the Hudson
 ⊲ Subject Scope: Change in all SLAMM categories. 

Includes uncertainty analysis.
 ⊲ Time and timesteps: Base year 2004 and 2008. 2025, 

2040, 2055, 2070, 2085, 2100, with outputs for 2025, 
2055, 2085, 2100.

Appendix: Regional 
SLAMM Comparison

 ⊲ Scenarios: Four scenarios: GCM Max (+0.718m by 2100), 
1m by 2100, RIM Min (+1.327m by 2100) and RIM Max 
(+1.721m by 2100).

 ⊲ Unit of analysis: 25m2
 ⊲ Wetlands data: 1994/2004 NWI data translated to 

SLAMM categories, 1999 NYSDEC wetlands translated 
to SLAMM categories, 2008 Jamaica Bay wetlands 
layer from NPS, 2007 HREP wetlands layer. Some cat-
egories adjusted for elevation.

 ⊲ Accretion model:
 ⊲ Elevation data: 2010 LiDAR for NYC and 2012 USACE 

Post-Sandy LiDAR, 2011-2012 New York LiDAR from 
NYS

 ⊲ Other data: dykes and impounds derived from NWI, 
plus LaGuardia assumed to be permanently protected. 
Impervious surface from University of Vermont Spatial 
Analysis Lab, converted to 1m raster, then 5m analysis 
cell, with 25% impervious being the threshold.

Report: Clough J, Polaczyk A, Propato M. Application of Sea-Level 
Affecting Marshes Model (SLAMM) to Long Island, NY and New York 
City. Albany: New York State Energy Research and Development 
Authority; 2014.

Hudson Valley (Scenic Hudson)
 ⊲ Geographic Scope: Hudson River Estuary between the 

Southern tip of Manhattan to the Troy Dam. Divided 
into 48 major wetlands areas.

 ⊲ Subject Scope: Change in tidal wetlands: High Marsh, 
Low Marsh, Tidal Flat, and Open Water.

 ⊲ Time and timesteps: Base year of 2007, increments 
2020,2040,2060,2080, and 2100.

 ⊲ Scenarios: 3 SLR scenarios derived from NYS ClimAID 
report: High SLR (90th percentile/ +177-187cm by 2100), 
Medium SLR (mean of 25th-75th percentiles/ +78-88cm 
by 2100), Low SLR (10th percentile/ +25-35cm by 2100), 
with three rates of accretion: high, medium, low.

 ⊲ Unit of analysis: 25m2
 ⊲ Wetlands data: Hudson River Estuary Tidal Wetlands 

2007 from NYSDEC/Hudson River National Estuarine 
Research Reserve (from gis.ny.gov) for tidal wetlands, 
plus land cover from NLCD 2006. Reclassed to sim-
plified SLAMM categories (Developed/undeveloped 
upland, high marsh, low marsh, tidal flat, estuarine 
open water.
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 ⊲ Accretion model: Because of data availability, used 3 
generic curves to mechanistically estimate accretion for 
high and low marsh. In tidal flats, constant of half the 
maximum accretion rate.

 ⊲ Elevation data: 2012 1m Coastal New York LiDAR (from 
gis.ny.gov)

Report: Tabak N, Labra M, Spector S. Simulating the Effects of Sea 
Level Rise on the Resilience and Migration of Tidal Wetlands along the 
Hudson River. PLoS ONE. 2016; 11(4)

Coastal Connecticut and Westchester 
County (NEIWPCC)

 ⊲ Geographic Scope: Entire coast of Connecticut, divided 
into three study areas (Fairfield Co., New Haven and 
Middlesex Cos., New London Co.). Supplemental West-
chester County study. Includes uncertainty analysis

 ⊲ Subject Scope: Analyzed change for all applicable 
SLAMM categories.

 ⊲ Time and timesteps: Base year 2010, timesteps of 2025, 
2040, 2055, 2070, 2085, and 2100, with outputs for 
2025, 2055, 2085, and 2100.

 ⊲ Scenarios: Four scenarios: GCM Max (+0.718m by 2100), 
1m by 2100, RIM Min (+1.327m by 2100) and RIM Max 
(+1.721m by 2100).

 ⊲ Unit of analysis: 25m2
 ⊲ Wetlands data: National Wetlands Inventory, translated 

to SLAMM codes using SLAMM technical documenta-
tion (Appendix E of report)

 ⊲ Accretion model: Accretion rates from many differ-
ent sources in the academic literature, and applied to 
specific study areas and marsh types (when applicable) 
of those studies, about 25 in all. Used MEM model to 
accretion rates across entire study area for salt marshes 
(RFM and IFM).  For other types of wetlands, such as 
Inland-fresh Marsh and Tidal Fresh Marsh, accretion 
rates were set with static values based on available 
literature. Analyzed change for all applicable SLAMM 
categories.

 ⊲ Elevation data: Composite of 2004 FEMA Bare Earth 
Tomographic LiDAR: Connecticut River, 2006 FEMA 
Topographic LiDAR: Connecticut Coastline Survey, 
2011 USGS LiDAR for the Northeast, NED 10m resolu-
tion, 2012 Post Sandy LiDAR data, and 2000 DEM (10’) 
from UConn (derived from 2000 Connecticut LiDAR). 
Clipped to less than 5m above MTL.

Report: Clough J, Polaczyk A, Propato M. Application of SLAMM to 
Coastal Connecticut. Lowell, MA: New England Interstate Water Pollu-
tion Control Commission (NEIWPCC); 2015

Coastal Connecticut (NROC)
Refined the NEIWPCC study with the purpose of identify-
ing and characterizing potential marsh migration path-
ways. The NROC study used SLAMM 6.7, and updated 
the previous study by accounting for road effects, updated 
LiDAR data, improved spatial hydraulic connectivity 
modeling, improved tidal muting modeling in areas with 
restricted flow, potential marsh collapse, and storm surge 
effects.

 ⊲ Geographic Scope: Entire coast of Connecticut, divided 
into three study areas (Fairfield Co., New Haven and 
Middlesex Cos., New London Co.)

 ⊲ Subject Scope: Analyzed change for all applicable 
SLAMM categories, plus potential marsh collapse, 
storm surge effects, and critical infrastructure vulner-
ability.

 ⊲ Time and timesteps: Base year 2010, timesteps of 2025, 
2040, 2055, 2070, 2085, and 2100, with outputs for 
2025, 2055, 2085, and 2100.

 ⊲ Scenarios: Used NPCC scenarios for NYC/Lower 
Hudson Region (Low, Low-Medium, Medium, High-
Medium, High), which range from 0.38m to 1.91 m by 
2100.

 ⊲ Unit of analysis: 25m2
 ⊲ Wetlands data: Largely the same as NEIWPCC report, 

with some minor changes suggested by CTDEEP.
 ⊲ Accretion model: Same as NEIWPCC study.
 ⊲ Elevation data: 

Coastal New Jersey (CRSSA Rutgers)
 ⊲ Geographic Scope: All of coastal New Jersey
 ⊲ Subject Scope: Analyzed only tidal salt marsh conver-

sion to mud/peat/flats (unconsolidated shore) or to open 
water, and impeded/unimpeded marsh retreat zones.

 ⊲ Time and timesteps: Base year 2012, to 2050.
 ⊲ Scenarios: Three scenarios: +1’ SLR, +2’, and +3’ by 2050
 ⊲ Unit of analysis: 100m2
 ⊲ Wetlands data: SLAMM categories provided by NOAA 

Coastal Services Center
 ⊲ Accretion model: Single accretion rate (“moderate”, 4 

mm/yr over 40 years), applied to whole study area.
Report: Lathrop R.Restoration Explorer app: modeling approach used 
to project future salt marsh and marsh/upland edge change. CRSSA 
Rutgers. 2016
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