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Why Preserving and Restoring Wetlands Can Help Save Our Coastal 
Cities
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ABSTRACT
As the Earth’s climate changes and sea waters rise, the world’s many coastal cities must get creative to stay 
afloat. Levees, floodwalls, and other man-made infrastructure are enormous cost burdens that continue to be 
overpowered by super storms and severe flooding. Planners and designers around the country are exploring 
methods to make coastal cities more resilient to these impending changes. One method for urban resilience that 
deserves more attention is the preservation and restoration of wetlands as a means to mitigate the effects of 
climate change. This paper aims to create an informative and comprehensive guide, and also to define the next 
steps and necessary research for wider adoption. Research methods that were used include literature review, in-
depth review of two case studies, and interviews. 
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1.0 INTRODUCTION 
Wetlands are a powerful natural resource that should 
not only be protected, but also used as a viable method 
to mitigate the effects of climate change in coastal urban 
areas. The intent of this study is to create an informa-
tive and comprehensive guide to the current situation 
surrounding wetlands and climate change in coastal 
urban areas. The hope is that this research will serve as 
a platform for raising public awareness and encourage 
further research into these topics.

The methodology for this research begins with a brief 
introduction to wetlands and their significance, coastal 
climate change issues, and the role that wetlands can 
play in urban resilience. Next, a literature review of 
the current situation for coastal wetlands in the United 
States is explored: the threats they face, the laws in 
place to protect them, and the current research sur-
rounding these issues. Two case studies provide a brief 
overview of how two very different coastal environments 
are dealing with wetlands and climate change. The well 
preserved and sparsely developed Georgia coast stands 
in sharp contrast to the densely developed coastline 
of New York City, but there are valuable lessons to be 
learned from the past, present, and future of both. The 

paper ends with a review of overall lessons learned and 
next steps to carry this research forward. Research 
methods for this paper included interviews with a di-
verse array of professionals and in-depth literature re-
views of published sources.

2.0 SHRINKING WETLANDS, SINKING CITIES

2.1 Why Wetlands Matter
Wetlands matter a great deal to the human race, though 
we often fail to recognize it. The many functions of wet-
lands not only translate into direct economic and envi-
ronmental benefits to coastal cities, but they can help 
offset some of the oncoming impacts of climate change. 

Wetlands are the transitional zones between land and 
water. They are frequently inundated by surface and 
groundwater and support an abundance of vegetation 
adapted for life in saturated soil conditions. Wetlands 
are unique, highly productive ecosystems that are 
found at riparian margins all over the globe. There are 
many different types of wetlands, each with its own spe-
cial ecology. For the purposes of this study, the focus 
will be on coastal wetlands, which may also be referred 
to as tidal marshes.
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“Tidal (coastal) marshes occur along coastlines and are 
influenced by tides and often by freshwater from run-
off, rivers, and ground water. Salt marshes are the most 
prevalent types of tidal marshes and are characterized 
by salt tolerant plants such as smooth cordgrass, salt-
grass, and glasswort. Salt marshes have one of the high-
est rates of primary productivity associated with wetland 
ecosystems because of the inflow of nutrients and or-
ganics from surface and/or tidal water. Tidal freshwater 
marshes are located upstream of estuaries; tides influ-
ence water levels, but the water is fresh. The lack of 
salt stress allows a greater diversity of plants to thrive. 
Cattail, wild rice, pickerelweed, and arrowhead are 
common and help support a large and diverse range of 
bird and fish species, among other wildlife1.” Forty per-
cent of the wetlands in the continental U.S. are coastal 

wetlands, and 81 percent of those coastal wetlands are 
located in the southeast2. 

Wetlands provide many functions, all of which are ex-
tremely beneficial to urban environments. Wetlands 
functions can be placed into three primary catego-
ries: hydrologic, water quality, and habitat. Wetlands 
are complex systems that respond to a variety of pro-
cesses; the functions within each category are heav-
ily intertwined, creating a delicate balance within the 
ecosystem. If one function is compromised, wetlands 
are not able to maintain many of the other functions 
they provide. In other words, damage to any part of the 
ecosystem affects the overall performance of the entire 
system.

Figure 1: Diagram of wetland functions.
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Figure 2: Impacts of climate change on wetlands8.

Climate change is affecting coastal cities on a global 
level through sea level rise and frequent storm events. 
The future of sea level rise and consequentially the fate 
of coastal cities is in our ability to lower global emis-
sions. Despite the improved ability of models to repro-
duce historical rates of sea-level rise, some respected 
scientists maintain that even the new numbers are too 
low and the latest Intergovernmental Panel on Climate 
Change (IPCC) model does not account for permafrost 
thaw3.

The IPCC projects three feet of sea level rise by 2100, 
the sea having already risen four to ten inches this 
past century. For every foot of sea level rise, 100 feet 
of flooding can be expected4. One third of coastal land 
and wetland habitats are likely to be lost in the next 100 
years if the level of the ocean continues to rise at its 
present rate5. This is of primary concern because two 
thirds of the world’s largest cities (cities with more than 

five million people) are less than ten meters above sea 
level, which equates to more than one billion people 
across the globe and more than half of the U.S. popula-
tion6, 7.

Due to some of this data, coastal cities are beginning 
to develop strategies for urban resilience. Resiliency is 
the capability to withstand or recover quickly from dif-
ficult conditions. Urban resilience is the ability for cities 
to anticipate and respond to extreme weather events. 
Though many of the world’s major cities are at risk of 
sea level rise, very few are aware of, or prepared, for the 
potential damage that rising seas and increased flood-
ing may bring. Many of the functions of wetlands have 
the unique ability to offset many of the oncoming risks 
climate change brings to coastal cities. However, unless 
wetlands are properly preserved and restored, they are 
also at risk of destruction.
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Figure 3: Projected sea level rise4.

Figure 4: Sea level rise infographic9.
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Figure 5: Wetlands and climate change.

2.2 Wetlands Significance
Wetlands are a complex, highly productive, and diverse 
ecosystem. They offer numerous ecological and eco-
nomic values and benefit humans and wildlife alike. 
Until recently, wetlands were considered invaluable 
wastelands. Though our respect for wetlands has grown 
in the past few decades, our understanding of the com-
plexities of wetlands is still developing. The more we 
discover, the more valuable wetlands become.

Wetlands provide extraordinary habitat and are some of 
the most biologically productive natural ecosystems in 
the world10. Often referred to as nature’s kidneys, wet-
lands filter out toxins and pollutants and retain vital nu-
trients. Wetlands provide flood protection by functioning 
as natural sponges, absorbing and storing water and 
slowly releasing it. These natural functions create and 
save billions of dollars annually in the U.S.11

Though wetlands account for only five percent of the 
land area in the lower 48 states, they provide critical 
habitat for the following: 31 percent of plant species,12 
95 percent of commercially harvested seafood (fish and 
shellfish),13 85 percent of waterfowl and other migratory 
birds, and 45 percent of threatened and endangered 
species11. $79 billion in annual revenue is generated 
from wetland-dependent species, accounting for 71 
percent of the nation’s commercial and recreational 
fishing industry. An estimated $59 billion in annual 
revenue is generated from wetland-related ecotourism 
such as hunting, fishing, bird-watching, and photogra-
phy in 199113. It is important to note that these eco-
nomic facts are grossly outdated. Since this is the most 
current data found, it can be inferred that the economic 
importance of wetlands is highly undervalued. Wetlands 
purification properties can remove up to 60 percent of 
metals, 90 percent of sediment from runoff and 90 per-
cent of nitrogen14. 
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Figure 6b: Wetlands role in flood reduction20.

Figure 6a: Wetlands role in flood reduction19.

The state of Georgia alone attributes $1 million in annu-
al water pollution abatement costs for each 2,500 acres 
of wetlands15. One acre of wetlands can store 1-1.5 mil-
lion gallons of floodwaters and maintain just 15 percent 
of watershed land area as wetlands decreases flood 
peaks by 60 percent11. The U.S. estimates $23.2 bil-
lion in annual savings in storm protection services due 
to wetlands reducing the severity of impacts from hur-
ricanes,16 and $5.7 million average annual increase 
in property damage for every loss of one-mile strip of 
coastal wetlands17.

Though arguably all of wetlands functions are valu-
able to urban areas, the most compelling and poten-
tially beneficial functions for coastal cities are hydro-
logic. Flooding in coastal areas already costs millions 
of dollars of damage each year (global flood damage in 

coastal cities is expected to reach U.S. $1 trillion per 
year as sea levels rise),18 and the amount of physical 
and fiscal damage will only continue to increase due to 
climate change. Not only do wetlands help mitigate the 
effects of flooding, they provide a low cost alternative to 
other hard engineering strategies such as sea walls and 
flood gates while providing other environmental and 
economic benefits.

The most important hydrologic value wetlands provide 
is flood protection. “Almost any wetland can provide 
some measure of flood protection by holding the ex-
cess runoff after a storm and then releasing it slowly. 
The size, shape, location, and soil type of a wetland 
determine its capacity to reduce local and downstream 
flooding. While wetlands cannot prevent flooding, they 
do lower flood peaks by temporarily holding water and 
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Figure 6c: Wetlands role in flood reduction23.

by slowing the water’s velocity. Wetland soil acts as a 
sponge, holding much more water than other soil types. 
Even isolated wetlands can reduce local flooding21.” 
Wetlands also provide wave attenuation. Wetland veg-
etation decreases water velocities through friction and 
causes sedimentation in shallow water areas and flood-
plain wetlands, thus decreasing the erosive power of the 
water and building up natural levees. Finally, wetlands 
provide shoreline stabilization. Wetlands reduce shore-
line erosion by stabilizing sediments and absorbing and 
dissipating wave energy. Wetland plants hold the soil in 
place with their roots, absorb the energy of waves, and 
break up the flow of stream or river currents. When veg-
etation is removed, stream banks collapse and chan-
nels widen and (or) deepen; removal of wetland vegeta-
tion can turn a sediment sink into a sediment source22.

2.3 Wetlands Today
Wetlands today are highly misunderstood and under-
valued. The public should be more informed and ed-
ucated about the services and benefits that wetlands 
provide; particularly, more research should be done 
on the economic value of wetlands. Most urban areas 
have already destroyed a majority of their wetlands and 
development only continues to increase in coastal ar-
eas. In many instances irreversible damage has been 
done, such as landfilling. Many wetlands have been 
developed over, leaving little room for restored or new 
wetlands to grow. Wetlands also lack space to migrate 
inland due to rising salinity levels brought by sea level 
rise. Any hardened shoreline (a road or a seawall, for 
instance) means wetlands cannot move out of harm’s 
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Figure 7: Wetlands protection flow chart29.

way. Finally, research has been done on these topics, 
but the data is largely outdated and inconclusive. The 
bottom line is that there needs to be much more re-
search regarding wetlands and climate change. Not 
only into how they can help coastal cities, but how they 
also can adapt to change.

Wetlands are threatened both globally and nationally. 
They are the second most endangered habitat in the 
world, behind only rainforests24. The U.S. estimates to 
have lost more than half of the country’s native wetlands 
since 160025 and continues to lose 80,000 acres of 
coastal wetlands annually (that’s the equivalent of los-
ing one football field of wetlands every nine minutes)26. 
Between the years 1950-1970, the U.S. lost approxi-
mately 400,000 acres of wetlands per year27.

The primary causes for wetlands loss are human activity 
(from urban and rural development) and from natural 
processes such as sea level rise and erosion. More than  
half of the U.S. population live in coastal areas. While 
non-coastal population growth has remained stable, 
coastal population growth rates have increased dras-
tically over the past 30 years, with rates projected to 
continually increase. 

Development in coastal areas puts stress on wetlands 
and often permanently alters the hydrology of a water-
shed through increased runoff and pollution28. “Coastal 
wetlands are naturally altered by high energy events 
such as erosion and inundation from sea level rise 
and storms. The impacts of these processes may be 
magnified by climate change and shoreline armoring. 
Estuarine wetlands typically protect the coastline from 
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erosion and flooding, but if sea level increases and de-
velopment prevents inland migration of wetlands, more 
wetlands will be converted to open water30.” In order to 
remain stable, marshes must either accrete sediment 
and organic material at the same pace as sea level rise 
or be able to migrate inland.

Wetlands today are protected federally and often ad-
ditionally at the local level. The federal government 
protects wetlands through legislation, economic incen-
tives, and acquisition. Wetlands are protected through 
the Environmental Protection Agency’s Clean Water Act, 
but the protections can be overturned through a per-
mitting process that requires “no-net-loss” mitigation. 
Though federal regulations protect wetlands nationally, 
many states and local counties have adopted stricter 
regulations and laws to protect their wetlands. Though 
this may seem like sufficient protection, there are still 
many issues involved. For one, having overlapping 
authorities with so many laws, regulatory entities, and 
wetland definitions can be confusing when determining 
who has jurisdiction over a specific wetland or activity 
and what procedures must be followed. Not only can it 
be confusing, it can be nearly impossible to enforce. As 
such, many wetlands protection regulations are loosely 
enforced and there is a significant amount of oversight 
in the required compensatory mitigation practices. Fi-
nally, governmental regulations and incentives are not 
enough to protect wetlands. Education of the public and 
of federal, state and local government entities will be 
key in preserving remaining wetlands.

There are other federal laws in place that indirectly pro-
tect wetlands by limiting coastal development in certain 
areas. These include the Coastal Zone Management Act 
(CZMA) and many Federal Emergency Management 
Agency (FEMA) sponsored regulations. “The CZMA 
outlines two national programs, the National Coastal 
Zone Management Program and the National Estuarine 
Research Reserve System. The 34 coastal programs 
aim to balance competing land and water issues in the 
coastal zone, while estuarine reserves serve as field lab-
oratories to provide a greater understanding of estuaries 
and how humans impact them. The overall program ob-
jectives of CZMA remain balanced to preserve, protect, 
develop, and where possible, to restore or enhance the 
resources of the nation’s coastal zone31.” FEMA legisla-
tion include the Coastal Barrier Resources Act (CBRA), 
the NFIP Community Rating System (CRS), and the 
Biggert-Waters Flood Insurance Reform Act of 2012.

The CBRA, established in 1982, protects coastal ar-
eas that serve as barriers against wind and tidal forc-

es caused by coastal storms and serve as habitat for 
aquatic species. The CBRA protects coastal areas from 
development by limiting federal financial assistance for 
development-related activities in designated areas32. 
The 1990 National Flood Insurance Program’s CRS is 
a voluntary incentive program that recognizes and en-
courages community floodplain management activities 
that exceed the minimum NFIP requirements. As a re-
sult, flood insurance premium rates are discounted to 
reflect the reduced flood risk33. The Biggert-Waters Re-
form Act calls on FEMA to make a number of changes 
to the way the NFIP is run. The new law encourages 
program financial stability by eliminating some artifi-
cially low insurance rates and discounts. Most flood in-
surance rates will now move to reflect full risk and flood 
insurance rates will rise on some policies. Incorporating 
flood mitigation strategies into the property can help 
lower insurance rates34.

Wetlands scientific research developed fairly recently, 
with serious studies beginning in the 1970s and pro-
liferating over the past two decades. Existing research 
centers include the USGS National Wetlands Research 
Center, the USFWS National Wetlands Inventory, and 
the Sea Level Affecting Marshes Model (SLAMM). “The 
mission of the National Wetlands Research Center 
(NWRC) is to develop and disseminate scientific in-
formation needed for understanding the ecology and 
values of wetlands and for managing and restoring 
wetlands, coastal habitats, and associated plant and 
animal communities throughout our world35.” “The 
U.S. Fish and Wildlife Service’s National Wetlands In-
ventory (NWI) has been producing wetland maps and 
geospatial wetland data for the United States since the 
mid-1970s. The focus has been on two fronts: map or 
digital database preparation and delivery to the public, 
and projecting and reporting on national wetland trends 
using a probability-based sampling design. The status 
of mapping has been made available through various 
media throughout NWI’s 30-year history (e.g., state at-
lases, regional status maps, and now through the inter-
net via the Wetlands Mapper online tool)36.” SLAMM is a 
mathematical model developed in the 1980s that uses 
digital elevation data to simulate and project the poten-
tial impacts of sea level rise on wetlands and coastal ar-
eas. This valuable research tool is the first in its kind to 
address the future of wetlands due to climate change37. 
Although many universities and coastal research insti-
tutions have incorporated wetlands related studies into 
their programs, much more research is still needed to 
truly understand the values of wetlands.
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2.4 The Georgia Coast
Georgia has 100 miles of coastline, which equates to 
five percent of the U.S. Atlantic coastline; however, 
Georgia has more than 33 percent of the remaining salt 
marshes on the Atlantic coast38. The state estimates 
to have 70 percent of its original coastal wetlands re-
maining, ranking 5th in the continental U.S. for original 
wetlands persevered39. The state links approximately $6 
billion in economic benefits to the coastal marshes40.

Wetlands loss in Georgia has been caused by coastal 
development, pollution, and natural processes. Coastal 
development has remained minimal until recent years. 
However, Georgia’s coastal population has seen phe-
nomenal growth in the past few decades and it con-
tinues to grow (the coastal population is expected to 
double between 2000 and 2030), to the detriment of 
wetlands41. Georgia is home to two major ports, Savan-
nah and Brunswick. The manufacturing industries lo-
cated near these ports have led to damaging pollution in 
the surrounding waterways, resulting in marsh destruc-
tion and groundwater contamination. There are 65 haz-
ardous waste sites in Georgia’s six coastal counties, 58 
of which are located in port cities. There are four super-
fund sites along the coast, all located in Brunswick42. 
The Georgia coast has a dynamic sand-sharing system, 
in which natural processes of erosion and accretion 
take place. Though Georgia’s coast experiences a lot of 
natural erosion, it has been exacerbated in recent years 
by rising sea levels, increased development, and hard 
infrastructure such as sea walls, bulkheads, and jetties. 
As such, the amount of erosion has far surpassed the 
amount of accretion43.

Georgia’s wetlands have benefited from favorable land 
ownership patterns and early public awareness, advo-
cacy and state legislation. Coastal Georgia’s land own-
ership patterns have resulted in many benefits for the 
coastal wetlands. To this day, a vast majority of coastal 
land remains undeveloped. Much of the coastal up-
lands are owned by large timber companies, and a 
majority of Georgia’s islands are federal and state con-
servation areas. Only three percent of land in Georgia’s 
coastal counties is developed; development is primarily 
located around Savannah, Brunswick, and St. Mary’s44. 
Eugene Odum, referred to as the father of modern ecol-
ogy, was a researcher and ecologist at the University of 
Georgia from 1940 - 1980. In the late 1960s, Odum led 
a campaign called “Save Our Marshes,” in which he 
and his students educated the public about the value of 
wetlands. Odum’s work created enough public momen-
tum to stir up support in the Georgia legislature45. The 
Coastal Marshlands Protection Act, passed in 1970, 

was a direct result of this public awareness and advo-
cacy. The Coastal Marshlands Protection Act and the 
later Shore Protection Act (1979) were way ahead of 
their time in recognizing the importance of protecting 
coastal ecosystems. They both acknowledge that these 
natural resources (Georgia’s marshlands and sand 
sharing system) are important resources that would be 
costly and difficult, if not impossible, to replace if lost46. 
This foresight has led to Georgia’s marshes being some 
of the most well preserved in the country.

Although Georgia’s wetlands are well protected, there 
are a number of looming threats including climate 
change inaction, legislative roll-backs, a current lack 
of public awareness, increasing shoreline hardening, 
imprudent development decisions, and the Savannah 
Harbor Expansion Project (SHEP). Though there is am-
ple evidence that Georgia’s seas are rising steadily, a 
majority of the state does not recognize climate change 
as an issue. Studies of sea level at Fort Pulaski in Savan-
nah show that the sea level is rising at a rate of approxi-
mately 0.03 meters per year, with the rate expected to 
increase exponentially in the coming years47. Georgia 
is one of few coastal states that has not created or ad-
opted a climate change action plan. Because Georgia is 
not addressing climate change at a state level, and be-
cause coastal development is a strong economic driver 
for the state, the very laws that have so well preserved 
the Georgia marshes are now being threatened. There 
have been numerous proposals in the past decade to 
diminish and relax these laws. Advocacy organizations 
now have to spend their time fighting these roll-backs 
when their time should be spent trying to strengthen 
these laws. The UGA River Basin Center, part of the 
Eugene Odum School of Ecology, has conducted re-
search on climate change and sea level rise and what 
that may mean for the Georgia coast. The center has 
modeled a one meter sea level rise, identifying areas of 
vulnerability and land cover changes. Much of the cur-
rently undeveloped drylands of Georgia’s coastal coun-
ties are at high risk, with up to eight percent projected 
to disappear in the next 100 years. Much of this land is 
currently slated for future development projects48. The 
public needs to be informed of the risks associated with 
their properties, and future land development decisions 
should be based on research such as this. Another im-
pediment, shoreline hardening, has become a popular 
method in Georgia to mitigate damage caused by rising 
water levels. Hardened shorelines, such as sea walls, 
increase erosion along shorelines and cause significant 
disruption in wetland migration. Sea walls not only in-
crease erosion of the shore in front of them, but they 
cause hyper erosion of shorelines adjacent to where 
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they end. This forces neighboring properties to either 
allow their land to erode, or put in place their own sea 
wall, thus continuing and exacerbating the cycle49.

Although Georgia’s marshes are well preserved, recent 
development decisions do not always follow this prece-
dent. Georgia’s marsh hammocks, small bits of marshy 
land barely above sea level, have been identified as 
one of the most endangered landscapes in America50. 
However, that does not stop developers from continu-
ally attempting to capitalize on any piece of waterfront 
property. The most recent example is a narrow spit on 
Sea Island that has been proposed for a subdivision de-
velopment of eight houses. Despite being located in the 
FEMA floodplain and on an actively eroding beach (the 
shore has eroded 100 feet in the past ten years), plans 
are currently under review by the local city council51. 
Finally, the Savannah Harbor Expansion Project (SHEP) 
may have the biggest, and potentially most devastat-
ing, impact on Georgia’s marshes throughout the state’s 
history. SHEP Environmental Assessment Reports show 
that the harbor deepening will significantly alter the sur-
rounding waterways and increase salinity levels. Half of 
the project’s $652 million price tag will be spent solely 
on mitigating and compensating for the projected harm-
ful effects on surrounding water quality, fisheries, and 
wetlands52. SHEP is also controversial within the com-
munity because there is no evidence that the proposed 
changes will actually bring in more economic activity.

Georgia’s next steps in wetlands preservation should 
involve public awareness and community involvement, 

research and advocacy partnerships, policy changes, 
incentives, and a holistic, regional approach. The first 
and most important step is informing and educating the 
public about why these issues are important. Without 
public support, the Georgia coast is in dire risk. It is 
also important to engage local communities in con-
versations about the potential risks and the methods 
and measures to plan for and evaluate what climate 
change means for them. Though much more research 
is needed, some research is currently being conducted. 
Research institutions and advocacy groups should form 
partnerships to inform and educate the public and local 
governments. A scientific basis is needed in order to 
gain any traction; we need to be able to say that be-
cause of this data, we believe this is what should be 
done. An informed public voice stands a great chance 
of influencing local and state policy to save our coast-
al resources, as it has in the past. Georgia needs to 
strengthen current policies and propose new ones that 
protect precious resources and limit harmful develop-
ment. Incentives such as the FEMA Community Rating 
System should be looked into as ways for local commu-
nities to become more resilient and save money. Finally, 
as with all sustainable systems, no part of the Georgia 
coast can be looked at in isolation. Coastal collaboration 
is the key to the future. Local and state governments, 
nonprofits and advocacy groups, research institutions, 
communities, private companies, and individuals must 
come together to create and carry forward a plan to limit 
imprudent decision-making and preserve the Georgia 
coast.

Figure 8: Georgia wetlands timeline.
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2.5 New York City
New York City (NYC) has an estimated ten percent of 
original wetlands still remaining53. Nearly three million 
New York City residents live in flood evacuation zones54. 
Hurricane Sandy alone cost the city an estimated $19 
billion in economic damage55.

Primary causes of wetlands loss in NYC include landfill-
ing, development, and pollution. Until the late 1970s, 
wetlands in NYC were regarded as additional land for 
development. The city began filling in wetlands as early 
as 1660 and these patterns of landfilling did not stop 
until Battery Park City was completed in 1970. A ma-
jority of NYC’s flood zones are located in historic wet-
lands and areas that were previously water56. Pollution 
is another huge issue in NYC’s waterways. NYC has a 
combined sewer system, which means waste water and 
stormwater runoff both flow through the same pipes; 
NYC has 490 combined sewer overflow (CSO) outfalls. 
In the event of heavy rainfall, these pipes overflow and 
the heavily polluted water flows directly into the sur-
rounding waterways; as such, the city has never been 
in compliance with the Clean Water Act57. Wetlands can 
normally absorb and filter these pollutants, but if the 
pollutants exceed the carrying capacity of the wetlands, 
then the ecological functions will diminish over time. 
NYC now has two superfund sites, one of which is the 
Gowanus Canal.

Until the 1970s, protection for wetlands in NYC did 
not exist, which is why so few remain today. When the 
environmental movement brought about the notion of 
ecological consciousness into urban areas, nonprofit 
groups began to fight for the little that was left of the 
city’s extensive historic tidal wetlands. Acquisition and 
preservation of the city’s remaining wetlands began in 
the late 1970s and continues to this day; the city now 
owns 97 percent of its remaining wetlands56. After Hur-
ricane Sandy, the city began seeking strategies to miti-
gate flooding brought on by extreme weather events. 
Wetlands are now not only being protected and pre-
served, but the city is exploring ways to restore historic 
wetlands where possible and construct new wetlands 
where necessary.

In 1984, Parks Commissioner Henry J. Stern founded 
the Natural Resources Group (NRG) with the aim to con-
serve and restore NYC’s natural resources. This group 
began the trend of acquiring lands for preservation58. In 
1987, the Trust for Public Land (TPL) and NYC Audu-
bon began a program called “Buffer the Bay,” in which 
they identified open space near the bay for acquisition 
and restoration; since then, many of the identified lands 

have been acquired59. In 2005, Mayor Bloomberg cre-
ated the Wetlands Transfer Task Force to inventory city-
owned wetlands and transfer them to the Department of 
Parks and Recreation. Today 97 percent of coastal wet-
lands and 79 percent of freshwater wetlands are pub-
licly owned. The three main entities with ownership are 
the New York City Department of Environmental Pro-
tection (DEP), the New York City Department of Parks 
and Recreation (DPR) and the National Park Service 
(NPS)56. In 2007 Mayer Bloomberg released PlaNYC in 
an effort to make NYC more sustainable in the coming 
years. In 2011 an updated report was released, and in 
2012 the SIRR report (Special Initiative for Rebuilding 
and Resiliency) was released, post-Sandy, to address 
resilience issues. A huge factor in the PlaNYC report 
deals with stormwater management and green infra-
structure to reduce the amount of polluted runoff that 
enters the waterways. Wetlands have been receiving a 
lot of attention as a way to control stormwater and miti-
gate runoff60. One of the many initiatives of the PlaNYC 
is the NYC Wetland’s Strategy to address protection and 
restoration issues. Key strategies include strengthening 
protection and acquisition efforts, developing a mitiga-
tion strategy for the city, promoting restoration projects, 
improving mapping and monitoring, and developing a 
research agenda to address wetlands challenges facing 
the city56.

NYC’s wetlands primary challenges are funding and 
space issues. Currently there is no dedicated funding 
mechanism for restoration projects. The maintenance, 
stewardship, and restoration of wetlands and natural 
areas require significant financial resources. Protec-
tion and restoration in New York City is particularly ex-
pensive, due to the city’s high land values and limited 
space, ranging from $290,000 - $2,000,000 per acre. 
Cost-effective opportunities for restoration are increas-
ingly difficult to find today, with high costs (and some-
times environmental impacts) of fill removal, site con-
straints, limited space, and competition for land. The 
highly developed shorelines of NYC have allowed for 
little to no transition area between land and water, pre-
venting inland migration of adjacent wetlands. Even de-
velopment that took place after federal or state wetland 
regulations were in place have not left much transition 
area for inland migration. State law requires a 150 foot 
transition area in New York City and 300 feet elsewhere; 
however, even recent permitted fill activity has been al-
lowed much closer to the wetland boundary56.

Despite issues and threats, NYC has had a number 
of successful restoration projects including Jamaica 
Bay and the Staten Island Bluebelt. Jamaica Bay, an 
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18,000 acre wetlands estuary, is NYC’s largest remain-
ing wetlands complex. Though surrounded by develop-
ment, manufacturing, and an airport, the estuary re-
mains richly productive and a home to diverse wildlife. 
In the early 1990s, the wetlands were disappearing at 
an alarming rate due to surrounding development and 
pollution; if left alone, the wetlands were projected to 
be lost entirely by 2025. Because Jamaica Bay is one 
of the last remnants of its kind in the city, it has been 
the focus of many preservation and restoration efforts. 
The city, non-profits, and community volunteers have 
restored hundreds of acres in the bay to date61. Ja-
maica Bay is also home to the Jamaica Bay Science 
and Resilience Institute, a CUNY (City University of New 
York) Initiative that is the first center wholly focused on 
the study of resilience in the world62. The Staten Island 
Bluebelt is a great example of cost effective stormwater 
management through wetlands preservation and resto-
ration. The Bluebelt aims to preserve natural drainage 
corridors such as streams, ponds, and wetlands in or-
der to convey, store, and filter stormwater runoff. The 
program saves tens of millions of dollars in hard infra-
structure costs, while also preserving open space and 
wildlife habitat63.

NYC also employs innovative strategies to experiment 
with ideas and solutions. In 2010, the Museum of Mod-
ern Art (MoMA) invited five design teams to re-imagine 
NYC in response to sea level rise in a project called Ris-
ing Currents. Architecture Research Office (ARO) and 
dlandstudio developed an “ecological infrastructure” 
for Lower Manhattan of green streets and a graduated 
edge that works within the city’s existing infrastruc-
ture. The new coastal edge consists of a porous park 
network, wetlands, and marshes. The remaining four 
teams developed similar concepts of soft infrastructure 

approaches, such as barrier islands, oyster and subway 
car reefs, and wetlands64. One of the city’s superfund 
sites, the Gowanus Canal, is now a pilot project for wet-
lands as green infrastructure. Susannah Drake’s firm, 
dlandstudio, in collaboration with city planners and poli-
ticians have set plans for the Gowanus Canal “Sponge-
Park,” an 1,800 square foot stormwater management 
park. The small park is designed to capture and filter 
stormwater runoff while also creating public space to 
bring people closer to the water. Funded through grants 
by the city, the park will cost $1.5 million and serve 
as a prototype for green infrastructure and constructed 
wetlands for the city65.

New York City’s next steps in wetlands preservation and 
restoration should include a realistic analysis of at-risk 
areas, policy and funding mechanisms, and holistic, re-
gional strategies. As climate change threats mount, it 
is important to reevaluate and revisit building in flood 
zones. High level analysis of at-risk areas should be 
conducted (what infrastructure will be affected, what 
will be lost in the event of another Sandy, etc.). The 
storms will continue to come; the question is, will we 
continue to take a reactionary stance, or will we be 
proactive about mitigating further losses? Wetlands res-
toration is incredibly expensive in NYC’s dense urban 
environment due to issues such as high property val-
ues and constant stressors from development and pol-
lution. Newly constructed and restored wetlands must 
be monitored and maintained, as they often take one 
to two years to mature. Current restoration efforts have 
been funded through grants and nonprofits, but if res-
toration is to make a real difference there needs to be 
an established funding mechanism for the city. The City 
of New York should develop a wetlands mitigation bank 
in order to make more substantial wetlands restoration 

Figure 9: New York City wetlands timeline.
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efforts. Mitigation banks are one way to provide a stable 
funding mechanism for substantial restoration projects. 
Finally, NYC should work together with its watershed 
neighbors: upstate New York, New Jersey, and Con-
necticut. The city is not an isolated piece of land, but 
part of an intricate estuary network. Climate change and 
sea level rise should be addressed at the larger scale in 
order to be more impactful.

3.0 CONCLUSION
Wetlands are a smart, cost-effective tool for urban de-
signers and planners to use in urban areas as a means 
to reduce flooding, filter pollutants, create habitat, and 
provide open space.

The two case studies chosen were extreme situations, 
as most other coastal cities will fall somewhere between 
the two. The Georgia coast had the foresight to protect 
their valuable coastal resources, but now faces the risks 
of overturning their progress for short-term gains. We 
can learn from Georgia’s amazing preservation strate-
gies and their now on-going battle to continue what they 
started. NYC has the opposite situation. Where they 
were once blind to the values of their natural resources, 
they have come an incredibly long way in the past 40 
years to shift the mindset towards preservation and res-
toration. We can learn from NYC’s unfortunate historic 
decisions and now from their progressive strategies for 
urban resilience.

A number of conclusions have been drawn from this 
research. First, wetlands are still undervalued. The 
general public is still not aware of the many services 
and values wetlands provide and how they can ben-
efit coastal areas, especially economically. Because of 
this, wetlands are still disappearing at a shockingly high 
rate, despite regulations put in place to protect them. 
Second, wetlands are in danger from humans and sea 
level rise. Wetlands are a fragile ecosystem that are up-
set by stressors from development and pollution. Wet-
lands are put at further risk from inundation due to sea 
level rise; ordinarily wetlands would migrate inland, but 
most coastal areas are highly developed and prevent 
this. Third, wetlands decrease the need for hard infra-
structure in coastal urban areas, while saving money 
and improving the environment at the same time. The 
hydrologic values of wetlands can play a significant role 
in reducing coastal flooding and future investments 
in shoreline protection, while providing environmental 
benefits. Additional research is still needed to better 
understand and support the efficacy of flood and storm 
surge mitigation. Fourth, prevention is better than re-

covery. This is true for wetlands, which take a lot of time 
and money to restore, but is also true for coastal cities 
preparing for climate change. Much focus is placed on 
reactionary tactics such as adaptation strategies. More 
research, time, and energy should be put into preventa-
tive measures: not degrading valuable ecosystems that 
protect our shores, not building in floodplains, etc. Fifth, 
well preserved places (such as Georgia) should not be 
imprudent. While well preserved places will certainly not 
have as many issues in dealing with climate change as 
other more unfortunate communities, it does not mean 
that they have earned the right to be foolhardy. No mat-
ter the state of your coast, long-term goals should guide 
decision making, and never short-term profit making. 
Finally, poorly preserved places (such as New York City) 
should restore and construct. Highly developed urban 
coastal environments that either do not have many 
wetlands left or do not have ample space for wetlands 
should consider restoring and constructing wetlands 
and other soft infrastructure where possible as a means 
to offset the effects of climate change.

To realize success in preserving and restoring coastal 
wetlands, a number of next steps should be taken. Sci-
entists and researchers should communicate informa-
tion about coastal hazards and potential risks to com-
munities and wetlands to government agencies and the 
public in order to heighten awareness and encourage 
responsible policies and decision-making. Coastal com-
munities should plan and develop strategies for preven-
tion and adaptation in order to mitigate further losses 
and build more sustainable, resilient communities. At-
risk properties and infrastructure should be identified 
and measures and methods should be developed in 
order to protect these areas from future development. 
Government agencies should accept their responsibili-
ties for using and providing the best information and 
recommendations for future land use decisions and 
regulations in high-risk coastal areas. Existing policies 
and regulations in place to protect wetlands should be 
strengthened and strongly enforced. Clear procedures 
and coordination at all levels of government are nec-
essary. Mitigation requirements and permits should be 
strongly enforced and should be monitored for one to 
two years following implementation in order to ensure 
that the mitigation does in fact offset the loss and or 
damage done. Local and state governments, nonprof-
its, and communities should work together at the wa-
tershed level to develop a regional vision and approach 
to preserving coastal communities and resources. Col-
laboration across stakeholders is critical to developing 
impactful strategies for dealing with climate change 
and protecting coastal resources. Coastal areas should 
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incentivize “the right thing” by using a combination 
of regulatory and economic policies, such as FEMA’s 
Community Rating System. In other words, commu-
nities that strive to make their cities and homes more 
resilient should be rewarded. Wetlands preservation 
and restoration could be one such incentive. Grants 
or legislation should provide funding to state and local 
governments to research and take stock of their current 
wetlands and to experiment and perfect mitigation and 
restoration practices in their areas.

Finally, the real key to success in understanding the 
fate and future of coastal wetlands is in more research. 
Though a variety of research is currently underway, 
much more is needed to understand the role of wet-
lands in urban areas and to influence public policy and 
funding for wetlands preservation and restoration proj-
ects. The following are specific types of research that 
would be incredibly helpful in this moving forward. 

First, the role and efficacy of wetlands in storm surge 
mitigation is still unclear. Research needs to be con-
ducted in the areas of wave attenuation and how much 
space (acres or miles of wetlands) are actually needed 
to be most effective to mitigating these issues. Second, 
highly developed coastal areas are exploring various 
edge typologies as ways to address sea level rise and 
storm surge. More research needs to be conducted 
on the effects that hardened shorelines have on sur-
rounding areas (erosion, wetlands migration), as well 
as how effective “living shorelines” (shorelines with soft 
infrastructure) are in comparison to hard infrastructure. 
Third, wetlands restoration and constructed wetlands 
are still fairly recent sciences; experiments should be 
conducted to find the best and most cost effective 
ways to implement these measures. How long do con-
structed wetlands take to mature? How much space is 
needed for wetlands to perform well, at various scales? 
Fourth, monitoring and assessment needs to become 
more regularized. Both historic and new wetlands 
should be mapped, inventoried, monitored, and as-
sessed on a regular basis. Finally, more research, such 
as the SLAMM model should be conducted as the ef-
fects of sea level rise on marshes are still not clearly un-
derstood. How much inundation can marshes handle? 
Will increased salinity levels affect performance? More 
localized research is needed as well; can marshes in 
this area migrate? Is there an opportunity for a migra-
tion corridor?

These are just a few examples of questions raised and 
research needed. Research and information sharing 

hold the answers to these questions and the key to the 
future of not only wetlands, but our coastal cities across 
the globe.

Acknowledgments
A special thank you to the following individuals, who 
took an interest in my research and took time out of 
their busy schedules to speak with me. This research 
would not be what it is without the valuable conversa-
tions I had with these incredibly knowledgeable and 
talented people.

Katherine Moore, Sustainable Growth Program Manag-
er; Johanna McCrehan, Urban Designer (The Georgia 
Conservancy); Megan Desrosiers, Executive Director 
(100 Miles); David Kyler, Executive Director (Center for 
a Sustainable Coast); Adrian Benepe, Senior Vice Presi-
dent / Director of City Park Development; Marc Matsil, 
New York State Director (Trust for Public Land NYC); 
Mike Hall, Associate Principal; Adam Friedberg, Senior 
Sustainability Consultant; Janine Witko, Water Business 
Leader (ARUP NYC); Adam Yarinsky, Principal (Archi-
tecture Research Office).

REFERENCES
[1] LTGovernors.com Environment “Types of Wetlands: 
Marshes, Swamps, Bogs, and Fens,” Retrieved from 
http://environment.ltgovernors.com/types-of-wetlands-
marshes-swamps-bogs-and-fens.html on 3/1/2014.

[2] NOAA Habitat Conservation | Habitat Protection | 
Wetlands. “What Are Coastal Wetlands?” Retrieved 
from http://www.habitat.noaa.gov/protection/wetlands/ 
on 3/19/2014.

[3] Climate Progress, (2012). “IPCC’s Planned Obso-
lescence: Fifth Assessment Report Will Ignore Cru-
cial Permafrost Carbon Feedback!”, Retrieved from 
http://thinkprogress.org/climate/2012/12/02/1253931/
ipccs-planned-obsolescence-fifth-assessment-report-
will-ignore-crucial-permafrost-carbon-feedback/ on 
3/2/2014.

[4] Intergovernmental Panel on Climate Change (2013). 
“Projections of Sea Level Rise”, Report, Retrieved from 
https://www.ipcc.ch/pdf/unfccc/cop19/3_gregory13sb-
sta.pdf on 3/4/2014.



     60

PERKINS+WILL RESEARCH JOURNAL / VOL 07.01

[5] Sea-level Rise Hazards and Decision Support, 
Coastal Wetlands. ”Sea-level Rise Hazards and Deci-
sion Support, Coastal Wetlands”, Retrieved from http://
wh.er.usgs.gov/slr/coastalwetlands.html on 3/19/2014. 

[6] Global Green USA. “Sea Level Rise: The Risks, the 
Facts”, Retrieved from http://www.globalgreen.org/ar-
ticles/global/95 on 3/19/2014.

[7] Intergovernmental Panel on Climate Change, 
(2007). “Coastal Systems and Climate Change”, Report, 
Retrieved from https://www.ipcc.ch/pdf/assessment-re-
port/ar4/wg2/ar4-wg2-chapter6.pdf on 3/2/2014.

[8] Climate Institute, (2010). “Oceans & Sea Level 
Rise”, Retrieved from http://www.climate.org/topics/
sea-level/ on 3/19/2014.

[9] McCandless, David, Information is Beautiful, 
(2010). “When Sea Levels Attack!” Retrieved from in-
formationisbeautiful.net on 3/6/2014.

[10] Environmental Protection Agency, (2006). “EPA: 
Wetlands Overview”, Report, Retrieved from http://wa-
ter.epa.gov/type/wetlands/outreach/upload/overview.
pdf on 3/19/2014.

[11] Environmental Protection Agency, (2001). “EPA: 
Functions and Values of Wetlands”, Report, Re-
trieved from http://water.epa.gov/type/wetlands/up-
load/2006_08_11_wetlands_fun_val.pdf on 3/19/2014.

[12] U.S. Fish & Wildlife Service NWI Program Over-
view. “National Wetlands Inventory Overview”, Re-
trieved from http://www.fws.gov/wetlands/nwi/Overview.
html  on 3/20/2014. 

[13] Pacific Coast Federation of Fishermen’s Associa-
tions. “Fisheries, Wetlands and Jobs”, Report, Retrieved 
from http:// www.pcffa.org/wetlands.pdf on 3/16/2014.

[14] Ecological Society of America. “CES - Ecosystem 
Services Fact Sheets: Water Purification”, Retrieved 
from http://www.esa.org/ecoservices/ comm/body.
comm.fact.wate.html on 3/20/2014.

[15] Environmental Concern, Inc. “Wetlands 101: 
Wetlands Functions and Values”, Report, Retrieved 
from http://www.wetland.org/101/WET101B.pdf on 
3/6/2014.

[16] World Wildlife Fund, (2004). “The Value of Wet-
lands”, Retrieved from http://wwf.panda.org/about_
our_earth/about_freshwater/intro/value/ on 3/7/2014.

[17] Louisiana’s Oil, (2010). “Louisiana’s Disappearing 
Wetlands”, Retrieved from http://www2.southeastern.
edu/orgs/oilspill/wetlands.html on 3/6/2014.

[18] The Guardian, (2013). “Coastal Cities Face $1 Tril-
lion Floods by 2050: Study”, Retrieved from http://www.
theguardian.com/environment/2013/aug/19/coastal-
cities-trillion-floods-2050 on 3/14/2014.

[19] US EPA, Office of Water (2006). “Wetlands: Pro-
tecting Life and Property from Flooding,” Retrieved 
from http://water.epa.gov/type/wetlands/outreach/up-
load/Flooding.pdf) on 3/12/2014.

[20] Arkansas Multi-Agency Wetland Planning Team. 
“Hydrologic Buffering,” Retrieved from http://www.
mawpt.org/wetlands/functions.asp on 3/6/2014.

[21] Washington State Department of Ecology. ”Func-
tions and Values of Wetlands”, Retrieved from http://
www.ecy.wa.gov/programs/sea/wetlands/functions.html 
on 3/19/2014.

[22] U.S. Geological Survey, National Water Summary 
on Wetland Resources. “Technical Aspects of Wet-
lands Wetland Hydrology, Water Quality, and Associated 
Functions”, Report, Retrieved from https://water.usgs.
gov/nwsum/WSP2425/hydrology.html on 3/6/2014.

[23] Moller, I., and Spencer, T., (2002). “Wave Dissi-
pation Over Macro-Tidal Saltmarshes: Effects of Marsh 
Edge Typology and Vegetation Change”, Journal of 
Coastal Research, Special Issue 36.

[24] World Wildlife Fund, (2014). “Wetlands”, Retrieved 
from https://www.worldwildlife.org/habitats/wetlands on 
3/19/2014.

[25] U.S. Environmental Protection Agency, (2013). 
“Wetlands: Status and Trends”, Retrieved from http://
water.epa.gov/type/wetlands/vital_status.cfm on 
3/19/2014.

[26] U.S. Department of the Interior, (2013). “Status 
and Trends of Wetlands in the Coastal Watersheds of 
the Conterminous United States”, Report, Retrieved 
from http://www.fws.gov/wetlands/Documents/Status-
and-Trends-of-Wetlands-In-the-Coastal-Watersheds-of-
the-Conterminous-US-2004-to-2009.pdf on 3/08/2014.



     61    

Shrinking Wetlands, Sinking Cities

[27] U.S. Fish and Wildlife Service, (1994). “South-
east Wetlands Status and Trends, Mid-1970’s to Mid-
1980’s”, Retrieved from http://www.fws.gov/wetlands/
Documents%5CSoutheast-Wetlands-Status-and-
Trends-mid-1970s-to-mid-1980s.pdf on 3/19/2014.

[28] Dahl, T.E. and Stedman, S.M., (2013). “Status and 
Trends of Wetlands in the Coastal Watersheds of the 
Conterminous United States 2004 to 2009”, U.S. De-
partment of the Interior, Fish and Wildlife Service and 
National Oceanic and Atmospheric Administration, Na-
tional Marine Fisheries Service, pp.9

[29] Environmental Protection Agency. “Laws, Regu-
lations, Treaties: Regulations”, Retrieved from http://
water.epa.gov/lawsregs/lawsguidance/cwa/wetlands/
regs_index.cfm on 3/19/2014.

[30] Environmental Protection Agency. “Coastal Wet-
lands”, Retrieved from http://water.epa.gov/type/wet-
lands/cwt.cfm on 3/19/2014.

[31] National Oceanic and Atmospheric Administration, 
NOAA Office of Ocean and Coastal Resource Manage-
ment: Coastal Zone Management Act. “Congressional 
Action to Help Manage Our Nation’s Coasts”, Retrieved 
from http://coast.noaa.gov/czm/act/?redirect=301ocm 
on 3/19/2014.

[32] U.S. Fish and Wildlife Service, Coastal Barrier Re-
sources Act, (2014). Retrieved from http://www.fws.
gov/cbra/ on 3/6/2014.

[33] Federal Emergency Management Agency, 
(2014). “Community Rating System”, Report, Re-
trieved from http://www.fema.gov/media-library-
data/1398878892102-5cbcaa727a635327277d-
834491210fec/CRS_Communites_May_1_2014.pdf 
on 3/19/2014.

[34] Federal Emergency Management Agency, (2014). 
“Bigger-Waters Flood Insurance Reform Act of 2012 
Timeline”, Report, Retrieved from http://www.fema.
gov/media-library-data/20130726-1912-25045-8239/
bw_timeline_table_04172013.pdf on 3/19/2014.

[35] USGS National Wetlands Research Center, 
(2014). “Strategic Plan: 2010-2015”, Retrieved from 
http://www.nwrc.usgs.gov/about/5-year-plan.htm on 
3/14/2014.

[36] U.S. Fish and Wildlife Service, National Wetlands 
Inventory, (2014). “The National Wetlands Inventory”, 
Retrieved from http://www.fws.gov/wetlands/NWI/In-
dex.html on 3/19/2014.

[37] Warren Pinnacle Consulting, Inc. Environmental 
Modeling, SLAMM: Sea Level Affecting Marshes Mod-
el, (2012). “SLAMM Model Overview”, Retrieved from 
http://www.warrenpinnacle.com/prof/SLAMM/SLAMM_
Model_Overview.html on 3/14/2014.

[38] One Hundred Miles. “One Hundred Miles”, Re-
trieved from http://www. onehundredmiles.org/ on 
3/30/2014.

[39] Kim, C. D., (1991). “Georgia’s Wetlands: 200 Years 
of Change,” Report, Warnell School of Forestry and Nat-
ural Resources, University of Georgia Retrieved from 
http://warnell.forestry.uga.edu/service/library/index.php
3?docID=55&docHistory%5B%5D=5 on 3/6/2014.

[40] Georgia Water Coalition, (2013). “Georgia’s Dirty 
Dozen”, Retrieved from http://www.garivers.org/ga-
water/pdf%20files/DirtyDozenReport2013.pdf on 
3/10/2014.

[41] Coastal Regional Commission, Economic Develop-
ment - About Coastal Georgia, (2013). “Regional Coun-
ties”, Retrieved from http://www.crc.ga.gov/depart-
ments/economic/aboutcg.html on 3/19/2014.

[42] Seabrook, C., (2012). The World of the Salt Marsh, 
Athens, GA: University of Georgia.

[43] Vernon, H. J., (2014). “Geology of the Georgia 
Coast”, Retrieved from http://www.georgiaencyclo-
pedia.org/articles/science-medicine/geology-georgia-
coast on 3/6/2014.

[44] River Basin Center, Eugene P. Odum School of 
Ecology, University of Georgia, (2009). “Broad Level 
Habitat Change”, Retrieved from http://www.rivercent-
er.uga.edu/research/climate/slr/high_res/slamm1mtr_
lcpdrc_comp.pdf on 3/12/2014.

[45] Betty, J. C., (2013). “Eugene Odum (1913-
2002)”, Retrieved from http://www.georgiaencyclope-
dia.org/articles/geography-environment/eugene-od-
um-1913-2002 on 3/19/2014.



     62

PERKINS+WILL RESEARCH JOURNAL / VOL 07.01

[46] Coastal Georgia Department of Natural Resources, 
(2013). “Coastal Marshlands Protection Act”, Report, 
Retrieved from http://coastalgadnr.org/sites/uploads/
crd/pdf/permitapps2011/CMPAlaw.pdf on 3/12/2014.

[47] Georgia Sea Grant, University of Georgia. “Sea 
Level Rise in Georgia”, Retrieved from http://georgia-
seagrant.uga.edu/article/sea_level_rise_in_georgia/ on 
3/12/2014.

[48] River Basin Center, Eugene P. Odum School of 
Ecology, University of Georgia, (2009). “Sea Level Rise 
on Georgia’s Coast”, Retrieved from http://www.river-
center.uga.edu/research/climate/slr.htm on 3/12/2014.

[49] Department of Land and Natural Resources, State 
of Hawaii, (1991). “Shoreline Hardening and Beach 
Loss,” Retrieved from http://www.state.hi.us/dlnr/exhib-
its/clp/CoastalErosion2.html on 3/19/2014.

[50] (2001). “Georgia’s Hammocks Celebrated for 
their Beauty”, Retrieved from http://savannahnow.com/
stories/111501/LOCmarshes.shtml#.VThaqiFViko on 
3/19/2014.

[51] Center for a Sustainable Coast, (2014). “Coastal 
Groups File Challenge to Sea Island Spit Development”, 
Retrieved from http://www.sustainablecoast.org/site/
greenlaw2.24.html on 3/6/2014.

[52] U.S. Army Corps of Engineers, (2013). “Savannah 
Harbor Expansion Project: Frequently Asked Ques-
tions”, Report, Retrieved from http://www.sas.usace.
army.mil/Portals/61/docs/SHEP/SHEP%20FAQ.pdf on 
3/16/2014.

[53] Benepe, A., (2014). Personal interview on 
1/29/2014.

[54] (2014). “If You Live in New York City, There’s 
Now a 1-in-3 Chance You’re in an Evacuation Zone”, 
Retrieved from  http://www.capitalnewyork.com/ar-
ticle/ politics/2013/06/8531042/if-you-live-new-york-
city-theres-now-1-3-chance-youre-evacuation-zo on 
3/30/2014.

[55] (2014). “Superstorm Sandy Cost New York $19BIL-
LION, Bloomberg Reveals”, Retrieved from http://www.
nydailynews.com/news/politics/ sandy-cost-new-york-
19bn-bloomberg-article-1.1208116 on 3/30/2014.

[56] PlaNYC, The City of New York, (2012). “New York 
City Wetlands Strategy”, Report, Retrieved from http://
www.nyc.gov/html/planyc2030/downloads/pdf/nyc_
wetlands_strategy.pdf on 3/16/2014.

[57] Duhigg, C., (2009). “Toxic Waters: Sewers at Ca-
pacity, Waste Poisons Waterways”, The New York Times, 
Retrieved from http://www.nytimes.com/2009/11/23/
business/23sewer.html?pagewanted=all&_r=0 on 
3/6/2014.

[58] New York City Department of Parks and Recre-
ation, NYC Parks. “Natural Resources Group”, Re-
trieved from http://www.nycgovparks.org/greening/
natural-resources-group on 3/12/2014.

[59] New York City Audubon. “Jamaica Bay Project”, 
Retrieved from http://www.nycaudubon.org/jamaica-
bay-project on 3/6/2014.

[60] PlaNYC, The City of New York, (2013). “A Stron-
ger, More Resilient New York”, Report, Retrieved from 
http://www.nyc.gov/html/sirr/html/report/report.shtml 
on 3/16/2014.

[61] New York City Department of Parks and Recre-
ation, NYC Parks. “Jamaica Bay Park”, Retrieved from 
http://www.nycgovparks.org/parks/jamaica-bay-park/
history on 3/12/2014.

[62] Science and Resilience Institute at Jamaica Bay, 
(2014). “Mission”, Retrieved from http://www.srijb.org/
about-us/mission/ on 3/16/2014.

[63] NYC Environmental Protection. “The Staten Island 
Bluebelt: A Natural Solution to Stormwater Manage-
ment”, Retrieved from http://www.nyc.gov/html/dep/
html/dep_projects/bluebelt.shtml on 3/19/2014.

[64] Nordenson, G., Seavitt, C. and Yarinsky, A., (2010). 
On the Water: Palisade Bay. Ostifidern: Hatje Cantz.

[65] NYC Environmental Protection. “Department of En-
vironmental Protection, Council Members Lander, Levin 
and Gonzalez, Dlandstudio, and the Gowanus Canal 
Conservancy Announce Plans to Build a Sponge Park™ 
Adjacent to the Gowanus Canal”, Retrieved from http://
www.nyc.gov/html/dep/html/press_releases/13-083pr.
shtml#.VTmU2iFViko on 3/16/2014.


