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Coastal Effects8

Natural “green barriers” help protect this Florida coastline and infrastructure from severe storms and floods.
Key Message 1

Coastal Economies and Property Are Already at Risk
America’s trillion-dollar coastal property market and public infrastructure are threatened 
by the ongoing increase in the frequency, depth, and extent of tidal flooding due to sea 
level rise, with cascading impacts to the larger economy. Higher storm surges due to 
sea level rise and the increased probability of heavy precipitation events exacerbate the 
risk. Under a higher scenario (RCP8.5), many coastal communities will be transformed 
by the latter part of this century, and even under lower scenarios (RCP4.5 or RCP2.6), 
many individuals and communities will suffer financial impacts as chronic high tide 
flooding leads to higher costs and lower property values. Actions to plan for and adapt 
to more frequent, widespread, and severe coastal flooding would decrease direct losses 
and cascading economic impacts. 

Key Message 2

Coastal Environments Are Already at Risk  
Fisheries, tourism, human health, and public safety depend on healthy coastal 
ecosystems that are being transformed, degraded, or lost due in part to climate change 
impacts, particularly sea level rise and higher numbers of extreme weather events. 
Restoring and conserving coastal ecosystems and adopting natural and nature-based 
infrastructure solutions can enhance community and ecosystem resilience to climate 
change, help to ensure their health and vitality, and decrease both direct and indirect 
impacts of climate change.
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Key Message 3

Social Challenges Intensified
As the pace and extent of coastal flooding and erosion accelerate, climate change 
impacts along our coasts are exacerbating preexisting social inequities, as communities 
face difficult questions about determining who will pay for current impacts and future 
adaptation and mitigation strategies and if, how, or when to relocate. In response to 
actual or projected climate change losses and damages, coastal communities will be 
among the first in the Nation to test existing climate-relevant legal frameworks and 
policies against these impacts and, thus, will establish precedents that will affect both 
coastal and non-coastal regions.

Executive Summary

The Coasts chapter of the Third National Climate 
Assessment, published in 2014, focused on coastal 
lifelines at risk, economic disruption, uneven social 
vulnerability, and vulnerable ecosystems. This Coast-
al Effects chapter of the Fourth National Climate 
Assessment updates those themes, with a focus on 
integrating the socioeconomic and environmental 
impacts and consequences of a changing climate. 
Specifically, the chapter builds on the threat of 
rising sea levels exacerbating tidal and storm surge 
flooding, the state of coastal ecosystems, and the 
treatment of social vulnerability by introducing the 
implications for social equity. 

U.S. coasts are dynamic environments and 
economically vibrant places to live and work. As 
of 2013, coastal shoreline counties were home to 
133.2 million people, or 42% of the population.1 
The coasts are economic engines that support 
jobs in defense, fishing, transportation, and 
tourism industries; contribute substantially to the 
U.S. gross domestic product;1 and serve as hubs of 
commerce, with seaports connecting the country 
with global trading partners.2 Coasts are home 
to diverse ecosystems such as beaches, intertidal 
zones, reefs, seagrasses, salt marshes, estuaries, 
and deltas3,4,5 that support a range of important 
services including fisheries, recreation, and 

coastal storm protection. U.S. coasts span three 
oceans, as well as the Gulf of Mexico, the Great 
Lakes, and Pacific and Caribbean islands. 

The social, economic, and environmental systems 
along the coasts are being affected by climate 
change. Threats from sea level rise (SLR) are exac-
erbated by dynamic processes such as high tide 
and storm surge flooding (Ch. 19: Southeast, KM 
2),6,7,8 erosion (Ch. 26: Alaska, KM 2),9 waves and 
their effects,10,11,12,13 saltwater intrusion into coastal 
aquifers and elevated groundwater tables (Ch. 27: 
Hawai‘i & Pacific Islands, KM 1; Ch. 3: Water, KM 
1),14,15,16,17 local rainfall (Ch. 3: Water, KM 1),18 river 
runoff (Ch. 3: Water, KM 1),19,20 increasing water 
and surface air temperatures (Ch. 9: Oceans, KM 
3),21,22 and ocean acidification (see Ch. 2: Climate, 
KM 3 and Ch. 9: Oceans, KM 1, 2, and 3 for more 
information on ocean acidification, hypoxia, and 
ocean warming).23,24 

Although storms, floods, and erosion have always 
been hazards, in combination with rising sea 
levels they now threaten approximately $1 trillion 
in national wealth held in coastal real estate25 and 
the continued viability of coastal communities 
that depend on coastal water, land, and other 
resources for economic health and cultural 
integrity (Ch. 15: Tribes, KM 1 and 2). 
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 Impacts of the 2017 Hurricane Season

Quintana Perez dumps water from a cooler into floodwaters in the aftermath of Hurricane Irma in Immokalee, Florida. From 
Figure 8.6 (Photo credit: AP Photo/Gerald Herbert).
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State of the Coasts

U.S. coasts are dynamic environments and eco-
nomically vibrant places to live and work. As of 
2013, coastal shoreline counties were home to 
133.2 million people, or 42% of the population.1 
The coasts are economic engines that support 
jobs in defense, fishing, transportation, and 
tourism industries; contribute substantially to 
the U.S. gross domestic product (GDP; Table 
8.1);1,26 and serve as hubs of commerce, with 
seaports connecting the country with global 
trade partners.2 Coasts are home to diverse 
ecosystems such as beaches, intertidal zones, 
reefs, seagrasses, salt marshes, estuaries, and 
deltas3,4,5 that support a range of important 
services including fisheries, recreation, and 
coastal storm protection. U.S. coasts span 
three oceans as well as the Gulf of Mexico, the 
Great Lakes, and Pacific and Caribbean islands. 

The social, economic, and environmental 
systems along the coasts are being affected 
by climate change. Threats from sea level rise 
(SLR) are exacerbated by dynamic processes 
such as high tide and storm surge flooding (Ch. 
19: Southeast, KM 2),6,7,8 erosion (Ch. 26: Alaska, 
KM 2),9 waves and their effects,10,11,12,13 saltwater 
intrusion into coastal aquifers and elevated 

groundwater tables (Ch. 27: Hawai‘i & Pacific 
Islands, KM 1; Ch. 3: Water, KM 1),14,15,16,17 local 
rainfall (Ch. 3: Water, KM 1),18 river runoff (Ch. 3: 
Water, KM 1),19,20 increasing water and surface 
air temperatures (Ch. 9: Oceans, KM 3),21,22 and 
ocean acidification (see Ch. 2: Climate, KM 
3 and Ch. 9: Oceans, KM 1, 2, and 3 for more 
information on ocean acidification, hypoxia, 
and ocean warming).23,24 

Collectively, these threats present significant 
direct costs related to infrastructure.27,28 The 
more than 60,000 miles of U.S. roads and bridges 
in coastal floodplains are already demonstrably 
vulnerable to extreme storms and hurricanes 
that cost billions in repairs.29 The national average 
increase in the Special Flood Hazard Area by the 
year 2100 may approach 40% for riverine and 
coastal areas if shoreline recession is assumed, 
and 45% for riverine and coastal areas if fixed 
coastlines are assumed.30 Additionally, indirect 
economic costs (such as lost business) and 
adverse sociopsychological impacts have the 
potential to negatively affect citizens and their 
communities.31,32,33 People exposed to weather- or 
climate-related disasters have been shown to 
experience mental health impacts including 
depression, post-traumatic stress disorder, and 
anxiety, all of which often occur simultaneously; 

Economic Importance of U.S. Coastal Areas

Region
Employment GDP Population % Land 

Area Millions % of US $Trillions % of US Millions % of US

United States 134.0 $16.7 316.5

All Coastal States 109.2 81.5% $13.9 83.7% 257.9 81.5% 57.0%

Coastal Zone Counties 56.2 42.0% $8.0 48.0% 133.2 42.1% 19.6%

Shore-Adjacent Counties 50.2 37.5% $7.2 43.2% 118.4 37.4% 18.1%

Table 8.1: The coast is a critical component of the U.S. economy. This table shows U.S. employment, GDP, population, and 
land area compared to coastal areas as of 2013. “Coastal zone counties” comprise shore-adjacent counties plus non-shore- 
adjacent counties. For more complete definitions, see: http://www.oceaneconomics.org/Market/coastal/coastal_geographies.
aspx. Source: Kildow et al. 20161

http://www.oceaneconomics.org/Market/coastal/coastal_geographies.aspx
http://www.oceaneconomics.org/Market/coastal/coastal_geographies.aspx
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furthermore, among those most likely to 
suffer these impacts are some of society’s most 
vulnerable populations, including children, the 
elderly, those with preexisting mental illness, the 
economically disadvantaged, and the homeless 
(Ch. 14: Human Health, KM 1 and 2).34

Although storms, floods, and erosion have 
always been hazards, in combination with ris-
ing sea levels they now threaten approximately 
$1 trillion in national wealth held in coastal real 

estate (Figure 8.1)25 and the continued viability 
of coastal communities that depend on coastal 
water, land, and other resources for economic 
health and cultural integrity (Ch. 15: Tribes, 
KM 1 and 2). The effects of the coastal risks 
posed by a changing climate already are and 
will continue to be experienced in both inter-
secting and distinct ways, and coastal areas are 
already beginning to take actions to address 
and ameliorate these risks (Figure 8.2). 

Cumulative Costs of Sea Level Rise and Storm Surge to Coastal Property

Figure 8.1: This figure shows that cumulative damages (in 2015 dollars) to coastal property across the contiguous United 
States would be significantly reduced if protective adaptation measures were implemented, compared to a scenario where 
no adaptation occurs. Without adaptation, cumulative damages under the higher scenario (RCP8.5) are estimated at $3.6 
trillion through 2100 (discounted at 3%), compared to $820 billion in the scenario where cost-effective adaptation measures are 
implemented. Under the lower scenario (RCP4.5), costs without adaptation are reduced by $92 billion relative to RCP8.5 and 
are $800 billion with adaptation. Note: The stepwise nature of the graph is due to the fact that the analysis evaluates storm surge 
risks every 10 years, beginning in 2005. Source: adapted from EPA 2017.35
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Regional Coastal Impacts and Adaptation Efforts

Figure 8.2: The figure shows selected coastal effects of climate change in several coastal regions of the United States. See 
the online version of this figure at http://nca2018.globalchange.gov/chapter/8#fig-8-2 for additional examples. Source: NCA4 
Regional Chapters.

http://nca2018.globalchange.gov/chapter/8#fig-8-2
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Key Message 1
Coastal Economies and Property Are 
Already at Risk

America’s trillion-dollar coastal property 
market and public infrastructure are 
threatened by the ongoing increase in 
the frequency, depth, and extent of tidal 
flooding due to sea level rise, with cas-
cading impacts to the larger economy. 
Higher storm surges due to sea level rise 
and the increased probability of heavy 
precipitation events exacerbate the risk. 
Under a higher scenario (RCP8.5), many 
coastal communities will be transformed 
by the latter part of this century, and 
even under lower scenarios (RCP4.5 or 
RCP2.6), many individuals and commu-
nities will suffer financial impacts as 
chronic high tide flooding leads to higher 
costs and lower property values. Actions 
to plan for and adapt to more frequent, 
widespread, and severe coastal flooding 
would decrease direct losses and cas-
cading economic impacts. 

Due to sea level rise (SLR), coastal storms and 
high tides have amplified coastal flooding and 
erosion impacts, and this trend will continue 
into the future, with some regions more 
vulnerable than others (Ch. 2: Climate, KM 
9).6,7,8,9,36,37,38 High tide flooding is already forcing 
some East Coast cities to install costly pump 
stations to frequently clear floodwaters from 
the streets (such as Miami Beach, as shown 
in Figure 8.3) (see also Ch. 19: Southeast, KM 
2) and to mobilize emergency responders to 
routinely close flooded streets. Along with 
increases in tidally driven flooding, storm 
surges are higher due to SLR.36,39,40 Warmer air 
temperatures have increased the probability 
of heavy precipitation events,41,42,43 permafrost 
thawing, and earlier season sea ice loss, leading 

to increased erosion over significant miles of 
coastline (Ch. 26: Alaska, KM 2). The severity 
of compound events—the coupling of surge, 
discharge from rivers, and heavy precipita-
tion—has increased in many coastal cities (Ch. 
19: Southeast, KM 2; Ch. 3: Water, KM 2).18,19 
In addition, modeling suggests that tropical 
cyclone intensity will increase,40,44,45 which 
would lead to greater damage upon landfall. 
Collectively, these factors already threaten 
coastal economies, public safety, and well- 
being, and continued growth and development 
along the coast increase the risk to more 
people and infrastructure.

Even under a very low scenario (RCP2.6) (see 
the Scenario Products section of App. 3 for 
more on scenarios), projections indicate that 
the frequency, depth, and extent of both 
high tide and more severe, damaging coastal 
flooding will increase rapidly in the coming 
decades.7,8,36,46,47,48 With rapid ice loss from 
Greenland and Antarctica under the higher 
scenario (RCP8.5), an Extreme scenario of 
global sea level rising upwards of 8 feet by 
2100 is a possibility.36,37,49,50,51,52 Under this rise, 
the average daily high tide would exceed 
the current 100-year (1% annual chance) 
coastal water level event in most U.S. coastal 
locations.8,39,53 Because these low-probability, 
high-consequence risks cannot be ruled out, 
a robust risk management approach to future 
planning would involve their consideration. 

Coastal property owners are likely to bear 
costs from SLR and storm surge, including 
those associated with property abandonment; 
residual storm damages; protective adaptation 
measures, such as property elevation; beach 
nourishment; and shoreline armoring.35 
The potential for future losses is great, with 
continued and often expensive development 
at the coasts increasing exposure (Ch. 5: 
Land Changes, KM 2).54,55 Shoreline counties 
hold 49.4 million housing units, while homes 
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Flooding Impacts in Miami Beach
Figure 8.3: Tidewater is pumped back into a canal near the Venetian Causeway entrance from Purdy Avenue, where the seawall is 
also being raised, during a seasonal king tide in Miami Beach, Florida, in 2016. Photo credit: Max Reed/The New York Times/Redux.

and businesses worth at least $1.4 trillion sit 
within about 1/8th mile of the coast.56 Flooding 
from rising sea levels and storms is likely to 
destroy, or make unsuitable for use, billions of 
dollars of property by the middle of this cen-
tury, with the Atlantic and Gulf coasts facing 
greater-than-average risk compared to other 
regions of the country.57,58,59 Recent economic 
analysis finds that under a higher scenario 
(RCP8.5), it is likely (a 66% probability, which 
corresponds to the Intermediate-Low to Inter-
mediate sea level rise scenarios) that between 
$66 billion and $106 billion worth of real estate 
will be below sea level by 2050; and $238 billion 
to $507 billion, by 2100.60 

These market impacts have the potential to 
influence property developers, lenders, servicers, 
mortgage insurers, and the mortgage-backed 
securities industry.58,61 Coastal property and 
infrastructure losses cascade into threats to 
personal wealth and could affect the economic 
stability of local governments, businesses, and 

the broader economy.62 Some coastal property 
owners are dependent on recouping losses from 
private or public insurance policies, and there 
are few private flood insurance policies currently 
available.63,64 Mortgage holders located within the 
federally designated Special Flood Hazard Area 
defined by the Federal Emergency Management 
Agency are required to purchase flood insurance, 
which is almost always obtained through the 
National Flood Insurance Program (NFIP). Losses 
generated by the NFIP create substantial financial 
exposure for the Federal Government and U.S. 
taxpayers.65,66 There are already indications in 
places like Atlantic City, New Jersey, and Norfolk, 
Virginia,58,67 that homes subject to recurring 
flooding may become unsellable. The impacts of 
Hurricanes Harvey, Irma, and Maria in 2017 will 
only exacerbate the NFIP losses. (For more infor-
mation on the 2017 Atlantic hurricane season, see 
Ch. 2: Climate, Box 2.5.) Additionally, diminished 
real estate values are likely to result in lower tax 
revenues and reduced community services (Ch. 
28: Adaptation, KM 5).68,69 
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In addition to private property risks, coastal 
infrastructure, such as roads, bridges, tunnels, 
and pipelines, provides important lifelines 
between coastal and inland communities, 
meaning that damage to this infrastructure 
results in cascading costs and national impacts 
(Ch. 12: Transportation, KM 1 and 2).70 Oil 
and gas from critical energy infrastructure 
along the coast is distributed to the entire 
nation.71,72 Similarly, the entire country depends 
on coastal seaports for access to goods and 
services, as they handle 99% of overseas trade 
(Ch. 12: Transportation, KM 1). Incorporating 
adaptation into infrastructure upgrades will 
be expensive. For instance, the estimated cost 
to elevate and retrofit the major commercial 
ports of California (such as San Diego, Los 
Angeles/Long Beach, San Francisco) to adapt 
to 6 feet of SLR is $9–$12 billion.73 Investing in 
these interconnected lifelines would support 
community stability and the Nation’s economy 
(Ch. 3: Water, KM 2; Ch. 11: Urban, KM 3; Ch. 17: 
Complex Systems, KM 1 and 3).70

Key Message 2
Coastal Environments Are Already  
at Risk  

Fisheries, tourism, human health, and 
public safety depend on healthy coastal 
ecosystems that are being transformed, 
degraded, or lost due in part to climate 
change impacts, particularly sea level 
rise and higher numbers of extreme 
weather events. Restoring and con-
serving coastal ecosystems and adopting 
natural and nature-based infrastructure 
solutions can enhance community and 
ecosystem resilience to climate change, 
help to ensure their health and vitality, 
and decrease both direct and indirect 
impacts of climate change.  

Coastal ecosystems such as estuaries, deltas, 
marshes, mangroves, seagrasses, beaches, 
and reefs provide valuable benefits to the 
economy and society.35 They support fisheries, 
reduce shoreline erosion from waves, improve 
water quality, and create valuable recreation 
opportunities.74 Between 2004 and 2009, it 
was estimated that U.S. coastal wetland envi-
ronments have been lost at an average rate of 
about 80,160 acres per year, with 71% of coastal 
wetland loss occurring in the Gulf of Mexico.75 
At this rate, by 2100 the United States will have 
lost an additional 16% of coastal wetlands.75 
Sea level rise in the Atlantic is contributing to 
the declining health and integrity of Atlantic 
marshes. Marsh degradation is expected to 
occur faster in the Atlantic than in the Pacific 
due to the higher SLR expected along the U.S. 
Atlantic coast.76,77

Coastal wetlands generate climate mitigation 
benefits by serving as natural sinks for atmo-
spheric carbon dioxide.78,79,80 As these ecosys-
tems are degraded or lost, their carbon uptake 
potential will be diminished and their stored 
carbon potentially released. In addition, wet-
lands are a first line of natural defense against 
erosion, waves, flooding, and storm surge.81 

Natural and nature-based infrastructure pro-
vides alternatives to traditional hard structure 
approaches such as seawalls, levees, and dikes 
and can improve the resilience of coastal 
communities and the integrity of coastal eco-
systems.81,82,83 This approach includes a range 
of efforts, such as the protection or restoration 
of natural habitats to mitigate waves and 
erosion (Figure 8.4) (see also Ch 19: Southeast, 
KM 3)84,85,86,87,88,89 and hybrid approaches that 
combine built and natural features, such as 
some living shorelines options.83,90 These 
types of approaches are being considered 
in the Superstorm Sandy Rebuild by Design 
challenge, the Changing Course competition 
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focused on the Lower Mississippi River 
delta, and in experimental studies and the 
development of guidance conducted within 
estuaries.91 Studies suggest that healthy coastal 

ecosystems provide important cost savings in 
terms of flood damages avoided,92,93,94 but more 
research would be useful to increase the level 
of confidence. 

Natural and Nature-Based Infrastructure Habitats
Figure 8.4: Natural and nature-based infrastructure habitats include seagrass meadows (not shown), (a) coastal wetlands, 
(b) barrier islands, (c) beaches, (d) corals, (e) oyster reefs, and (f) dunes. Each of these habitats provides storm and erosion 
risk reduction by causing waves to break or slow as they roll over the ecosystem. Waves slow down, for example, as they flow 
across the rough surfaces and crests of reef ecosystems; likewise, water decelerates as it pushes through the vegetation of 
wetland ecosystems. This slowing decreases wave height and energy as the wave proceeds through or across each ecosystem, 
reducing the amount of erosion that the wave would otherwise cause. Photo credits: (a) Gretchen L. Grammer, NOAA National 
Ocean Service; (b) Erik Zobrist, NOAA Restoration Center; (c) NOAA; (d) LCDR Eric Johnson, NOAA Corps.; (e) Jonathan 
Wilker, Purdue University; (f) Ann Tihansky, USGS.
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Key Message 3
Social Challenges Intensified

As the pace and extent of coastal 
flooding and erosion accelerate, climate 
change impacts along our coasts are ex-
acerbating preexisting social inequities, 
as communities face difficult questions 
about determining who will pay for cur-
rent impacts and future adaptation and 
mitigation strategies and if, how, or when 
to relocate. In response to actual or pro-
jected climate change losses and dam-
ages, coastal communities will be among 
the first in the Nation to test existing 
climate-relevant legal frameworks and 
policies against these impacts and, thus, 
will establish precedents that will affect 
both coastal and non-coastal regions.

Flooding and erosion impact many populations 
along the coast. However, for socially and 
economically marginalized and low-income 
groups, climate change and current and future 
SLR could exacerbate many long-standing 
inequities that precede any climate-related 
impacts (Figure 8.5) (see also Ch. 11: Urban, KM 
1; Ch. 18: Northeast, KM 3).95,96 Underrepre-
sented and underserved communities facing 
additional threats from climate change span a 
variety of regions and contexts, ranging from 
the elderly in Florida97 to rural and subsistence- 
based fishing communities in Alaska (Ch. 26: 
Alaska, KM 4).98 The 2017 hurricane season 
provided grim imagery of the impacts to these 
socially and economically vulnerable coastal 
residents, and the long-term impacts on these 
communities are as yet unclear (Figure 8.6) 
(see also Ch. 2: Climate, Box 2.5). Given limited 
resources, the core of this challenge rests on 
questions about who is most vulnerable to the 
impacts, who should pay for losses incurred, 

Societal Options for Resource Allocation in a Changing Climate

Figure 8.5: Society has limited resources to help individuals and communities adapt to climate change. Panel (a) illustrates that 
there are finite resources available and that individuals and communities are starting from different levels of readiness to adapt. 
Panel (b) illustrates the option for society to choose an equal allocation of resources where everyone gets the same amount of 
help, or as illustrated in panel (c), society can choose to distribute resources equitably to give people what they need to reach 
the same level of adaptation. Source: adapted with permission from Craig Froehle. 



8 | Coastal Effects

334 Fourth National Climate AssessmentU.S. Global Change Research Program 

who should pay for protecting coastal com-
munities in the future, and how governments 
and communities set protocols and policies for 
keeping people safe. These types of questions 
bring to light the divergent views of various 
stakeholders regarding the role of individuals, 
businesses, and governments in assuming the 
risks and benefits of living and working near 
the coast (Ch. 14: Human Health, KM 2 and 3).99

Adaptation strategies, including the decision to 
retreat from, accommodate, or protect against 
a particular impact, are dependent on several 
factors. Economically, a property owner’s 
access to capital or insurance to fund these 
strategies contributes to adaptation choices, 
making poverty a driver of vulnerability in the 
face of climate-based impacts.100 Some prop-
erty owners can afford to modify their homes 
to withstand current and projected flooding 
and erosion impacts. Others who cannot afford 

to do so are becoming financially tied to hous-
es that are at greater risk of annual flooding.67 
Additionally, communities are composed of 
renters and other individuals who do not own 
property, making it more difficult for them 
to contribute their voices to conversations 
about preserving neighborhoods. Culturally, 
coastal communities have ties to their specific 
land and to each other, as is the case from the 
bayous of Louisiana, to the beaches of New 
Jersey, to the sea islands of South Carolina 
and Georgia. These ties can impede people’s 
ability and willingness to move away from 
impacted areas. For Indigenous villages to most 
effectively respond to critical climate impacts, 
decision-makers should consider identifying a 
suitable place to relocate that does not infringe 
on the needs and territories of other popula-
tions, is large enough for the entirety of the 
village, and is suitable for building and access-
ing infrastructure (Ch. 15: Tribes, KM 3).101

Impacts of the 2017 Hurricane Season 
Figure 8.6: Quintana Perez dumps water from a cooler into floodwaters in the aftermath of Hurricane Irma in Immokalee, Florida. 
Photo credit: AP Photo/Gerald Herbert.
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Climate change impacts are expected to drive 
human migration from coastal locations, but 
exactly how remains uncertain.102,103,104 As 
demonstrated by the migration of affected 
individuals in the wake of Hurricane Katrina, 
impacts from storms can disperse refugees 
from coastal areas to all 50 states, with 
economic and social costs felt across the 
country.105 Sea level rise might reshape the 
U.S. population distribution, with 13.1 million 
people potentially at risk of needing to migrate 
due to a SLR of 6 feet (about 2 feet less than 
the Extreme scenario) by the year 2100.102 The 
Biloxi-Chitimacha-Choctaw tribe on Isle de 
Jean Charles in Louisiana was awarded $48 
million from the U.S. Department of Housing 
and Urban Development to implement a 
resettlement plan.106,107 The tribe is one of the 
few communities to qualify for federal funding 
to move en masse. (Ch. 15: Tribes, KM 3; Ch. 19: 
Southeast, KM 1). 

Coastal Adaptation 

Coasts will confront a more diverse and, to a 
great extent, unique range of climate stressors 
and impacts compared with the rest of the 
country. Rising sea levels will force many more 
coastal communities to grapple with chronic 
high tide flooding, higher storm surges, and 
associated emergency response costs over 
the next few decades.6,7,36,75 The growing con-
centration of people and economic activity in 
coastal areas will introduce a greater degree 
of risk, including impacts that will ripple far 
beyond coastal communities themselves.70,108 

Understanding these realities, coastal cities 
such as Boston, New York City, Miami, San 
Francisco, New Orleans, and Los Angeles are 
beginning to make investments to adapt to 
SLR (see the Case Study: “Key Messages in 
Action”) (see also Ch. 19: Southeast, KM 1). From 
these efforts, and others like them, examples 
of successful adaptation planning are being 
collected to provide guidance to other commu-
nities facing similar challenges (Figure 8.2) (see 
also Ch. 28: Adaptation).109,110,111 

However, while many current plans call for risk 
identification, monitoring, research, and addi-
tional planning, there is still little focus on the 
major investments or immediate implemen-
tation actions and cost-dependent tradeoffs 
required to successfully adapt.110 The financial 
resources currently being devoted to adapt to 
or mitigate coastal climate change impacts are 
insufficient to meet the projected challenges 
ahead.112,113,114 Additionally, with the limited 
and often expensive adaptation opportunities 
currently under consideration, including 
elevating properties or constructing seawalls, 
climate-driven impacts may lead to a great 
deal of unplanned and undesired community 
change that is likely to disproportionately 
impact communities that are already mar-
ginalized. Resilience planning that considers 
cultural heritage and incorporates community- 
driven values, experiences, concerns, needs, 
and traditional knowledge promotes social 
inclusivity and equity in adaptation decisions 
(Ch. 15: Tribes, KM 3).115,116
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Case Study: Key Messages in Action—Norfolk, Virginia
Low-lying Norfolk—Virginia’s second-largest city—is enduring serious physical, financial, and social impacts as the 
frequency of high tide flooding accelerates due to rising local sea level.6 High tide flooding threatens access routes, 
historical neighborhoods, personal and commercial property integrity and value, and national security, given that 
Norfolk houses the world’s largest naval base. The city has begun to invest in mitigation and adaptation actions,117 
but recent estimates indicate it will cost hundreds of millions of dollars to improve storm water pipes, flood walls, tide 
gates, and pumping stations.118 Natural and nature-based infrastructure projects such as the Colley Bay living shoreline 
have improved water quality, mitigated erosion, and restored habitats.119 Additional planned projects include construct-
ing berms, reclaiming filled waterways and wetlands, and raising roads and structures. City officials have identified the 
neighborhoods of The Hague and Pretty Lake as top priorities for flood mitigation, but in other areas of the city where 
containment will be more difficult, residents face the possibility of abandoning their homes (Figure 8.7).118,120 

Vision 2100: Designing the Coastal Community of the Future

Figure 8.7: The City of Norfolk is building a long-term strategy to address the flooding challenges due to sea level rise. 
Green areas are at low risk of coastal flooding and have great potential for high-density, mixed-use, and mixed-income 
development. Red areas are home to key economic assets that are essential to the city’s future. Brown areas are established 
neighborhoods that experience more frequent flooding. Purple areas are established neighborhoods at less risk of coastal 
flooding. (Descriptions in the legend are from the original City of Norfolk publication.) Source: City of Norfolk 2016.120
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Case Study: Key Messages in Action—Norfolk, Virginia, continued
Recognizing these urgent and compelling needs, the Hampton Roads Adaptation Forum convened in 2012 to 
exchange knowledge and make recommendations to local government officials. Norfolk has become a member 
of the Rockefeller Foundation’s 100 Resilient Cities, installed a chief resilience officer, and released a codified 
resilience strategy that outlines goals and metrics for the city.121

Given that the city is home to Naval Station Norfolk and other national security facilities, the Department of 
Defense has also contributed to plans for the city’s future (Ch. 1: Overview, Figure 1.8). Naval Station Norfolk 
supports multiple aircraft carrier groups and is the duty station for thousands of employees.122 Most of the 
area around the base lies less than 10 feet above sea level,123 and local relative sea level is projected to rise 
between about 2.5 and 11.5 feet by the year 2100 under the Intermediate-Low global SLR scenario (considered 
likely under the lower [RCP4.5] and very low [RCP2.6] scenarios) and the Extreme SLR scenario (considered 
worst case under a higher scenario, RCP8.5), respectively.36 The Navy is studying how flooding in Norfolk and 
Virginia Beach affects military readiness when sailors and other employees who live off-base are unable to 
reach the naval station for work.124 Ultimately, the lessons learned in Norfolk—both the successes and chal-
lenges—are transferable to other coastal communities across the United States and its territories.

Acknowledgments
USGCRP Coordinators

Matthew Dzaugis 
Program Coordinator 

Christopher W. Avery 
Senior Manager

Allyza Lustig 
Program Coordinator

Fredric Lipschultz 
Senior Scientist and Regional Coordinator

Opening Image Credit

Natural “green barriers”: NOAA.



8 | Coastal Effects - Traceable Accounts

338 Fourth National Climate AssessmentU.S. Global Change Research Program 

Traceable Accounts
Process Description
The selection of the author team for the Coastal Effects chapter took into consideration the wide 
scope and relative sufficiency of the Third National Climate Assessment (NCA3) Coastal chapter. 
With input and guidance from the NCA4 Federal Steering Committee, the coordinating lead 
authors made the decision to convene an all-federal employee team with representation from key 
federal agencies with science, management, and policy expertise in climate-related coastal effects, 
and to focus the content of the chapter on Key Messages and themes that would both update the 
work conducted under NCA3 and introduce new themes. For additional information on the author 
team process and structure, refer to Appendix 1: Process.

A central component of the assessment process was a chapter lead authors’ meeting held in 
Washington, DC, in May 2017. The Key Messages were initially developed at this meeting. Key 
vulnerabilities were operationally defined as those challenges that can fundamentally undermine 
the functioning of human and natural coastal systems. They arise when these systems are highly 
exposed and sensitive to climate change and (given present or potential future adaptive capacities) 
insufficiently prepared or able to respond. The vulnerabilities that the team decided to focus on 
were informed by a review of the existing literature and by ongoing interactions of the author 
team with coastal managers, planners, and stakeholders. In addition, the author team conducted 
a thorough review of the technical inputs and associated literature. Chapter development was 
supported by numerous chapter author technical discussions via teleconference from April to 
September 2017. 

Key Message 1
Coastal Economies and Property Are Already at Risk

America’s trillion-dollar coastal property market and public infrastructure are threatened by the ongoing 
increase in the frequency, depth, and extent of tidal flooding due to sea level rise, with cascading impacts 
to the larger economy. Higher storm surges due to sea level rise and the increased probability of heavy 
precipitation events exacerbate the risk. Under a higher scenario (RCP8.5), many coastal communities will 
be transformed by the latter part of this century, and even under lower scenarios (RCP4.5 or RCP2.6), many 
individuals and communities will suffer financial impacts as chronic high tide flooding leads to higher costs 
and lower property values. Actions to plan for and adapt to more frequent, widespread, and severe coastal 
flooding would decrease direct losses and cascading economic impacts. (Likely, High Confidence)

Description of evidence base
Significant impacts to coastal communities, properties, infrastructure, and services are already 
occurring in low-lying areas of the country such as Miami Beach and Fort Lauderdale in Florida; 
Norfolk, Virginia; and Charleston, South Carolina.61,125,126,127,128

Satellite and tide gauge data show that sea level rise (SLR) rates are increasing,36 and research 
has shown that this increase is driven by emissions that are warming the planet.129,130 The latest 
SLR science7,36,48,52 finds that even if RCP2.6 were achieved, it is likely that global mean sea level 
will rise by 1.5 feet by 2100; under RCP8.5, a rise of about 3 feet is within the likely range for 2100. 
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Recent probabilistic studies and assessments of future SLR and rapid ice loss from Antarctica find 
that although a low probability, there is a possibility of upwards of 8 feet of rise by 2100 under a 
high-emission, extreme melt scenario.36,37,49,50,51,52

Applying digital elevation models to determine the extent and number of communities and the amount 
of property and infrastructure that would be impacted by different amounts of SLR illustrates the 
magnitude of investments that are at risk.56,57,126,131,132,133,134 These same analyses demonstrate the savings 
that could be achieved by lowering emissions. Finally, implementing adaptation measures to ensure that 
public infrastructure is resilient to current and future flood scenarios will be tremendously expensive. 
To date there are few economic sectoral models that quantify damages under alternative climate sce-
narios,57,134 so additional modeling work would be useful. 

The importance of coastal economies and infrastructure to the overall national economy is 
well documented (for example, the National Oceanic and Atmospheric Administration’s [NOAA] 
Economics: National Ocean Watch; NOAA port data), as are the economic ripple effects of impacts 
to property markets.57,58,133,135,136 Similarly, much has been written about how the National Flood 
Insurance Program has subsidized development in risky areas and how raising flood insurance 
rates to be actuarially sound could make it impossible for many coastal residents to afford flood 
insurance.58,137,138,139,140 The evidence for the economic savings provided by adaptation investments is 
still fairly limited but growing.54,57,59,141

Major uncertainties
The main source of uncertainty is in the magnitude of SLR that will occur and how it will vary 
across different regions, which depend in part on the amount and speed with which global 
society will reduce emissions. While global climate models and SLR models have improved since 
NCA3,142 uncertainty remains about exactly how much SLR will occur where and by when with 
different emissions levels. Even though there is uncertainty about the magnitude, the probabilistic 
approach to the SLR technical report to the Fourth National Climate Assessment,36 together 
with impacts already documented around the country from high tide flooding,143 gives us high 
confidence of the threat to coastal property and infrastructure. Adaptive responses to SLR risk and 
impacts, including individual action and public policy development, are also significant sources 
of uncertainty. For example, there is uncertainty about future development patterns in coastal 
regions, including both new development and migration inland, which has the potential to change 
the magnitude of coastal property and infrastructure at risk. The U.S.-specific research on poten-
tial migration away from the coast due to SLR and other climate impacts is very limited.102 

Future flood insurance policy is another specific source of uncertainty. Under the latest legislation 
(the Federal Emergency Management Agency’s Homeowner Flood Insurance Affordability Act, 
2017140), flood insurance rates are gradually rising; development of new policies related to afford-
ability or to the requirement to carry flood insurance in order to have a federally backed mortgage 
could change behaviors.

While figures for the economic value of certain sectors dependent on the ocean and Great Lakes 
are available through NOAA’s “Economics: National Ocean Watch,”144 similar information for the 
economic and social value of other sectors, such as real estate and insurance/reinsurance, would 
be beneficial for the audience of this assessment report, especially decision-makers.
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Description of confidence and likelihood
There is very high confidence that the frequency and extent of tidal flooding is already increasing 
and will continue to increase with SLR and that this flooding threatens the trillion-dollar coastal 
property market and public infrastructure. There is limited research using varied methods to 
quantify the direct and indirect economic impacts that will be experienced under different 
amounts of SLR. Nevertheless, there is a high level of confidence that these losses will be dramatic 
under SLR associated with the higher emission scenario (RCP8.5) and significant even under lower 
scenarios (RCP4.5 or RCP2.6), based on property values and geographic exposure to inundation. 
U.S. economic history provides strong evidence that extensive property market losses have the 
potential to impact businesses, personal wealth, and mortgage-related securities. Similarly, his- 
toric disaster events such as hurricanes and earthquakes provide a very high level of confidence 
that impacts to critical transportation and energy networks will harm the economy. Considering 
the uncertainty inherent in future human behavior and policy responses, including flood insur-
ance policy, it is possible that individuals and institutions will act to reduce future flooding, to 
lessen the exposure and sensitivity of critical assets, and to create policies that assist individuals 
and businesses most impacted; hence, there is medium confidence that many coastal communities 
will be transformed by 2100 under any scenario and that many individuals will be financially devas-
tated under lower emission scenarios (RCP4.5 or RCP2.6). Considering current exposure of assets 
and the latest SLR science, large economic losses in coastal regions that will generate cascading 
impacts to the overall economy of the United States are considered to be likely. The overall high 
confidence is the net result of considering the evidence base, the well-established accumulation of 
economic assets and activities in coastal areas, and the directional trend of sea level rise.

Key Message 2
Coastal Environments Are at Already at Risk

Fisheries, tourism, human health, and public safety depend on healthy coastal ecosystems that 
are being transformed, degraded, or lost due in part to climate change impacts, particularly 
sea level rise and higher numbers of extreme weather events (highly likely, high confidence). 
Restoring and conserving coastal ecosystems and adopting natural and nature-based 
infrastructure solutions can enhance community and ecosystem resilience to climate change, 
help to ensure their health and vitality, and decrease both direct and indirect impacts of climate 
change (likely, high confidence).  

Description of evidence base
Multiple lines of evidence have determined that coastal environments are critical to support 
coastal fisheries, tourism, and human health and safety.74,81,83,85,86,87,92,145,146,147 These ecosystems are 
some of the most threatened on the planet and are being transformed, degraded, or destroyed 
due to climate change (including rising temperatures, rising sea levels, and ocean acidifica-
tion)148,149,150,151,152,153 and due to other human stressors such as nutrient pollution, habitat and biodi-
versity loss, and overfishing.

There is growing evidence that one part of the solution to help coastal ecosystems and human 
communities be more resilient to climate change, including SLR and increasingly intense or 



8 | Coastal Effects - Traceable Accounts

341 Fourth National Climate AssessmentU.S. Global Change Research Program 

frequent storms, is to conserve or restore coastal habitats such as wetlands, beaches and dunes, 
oyster and coral reefs, and mangroves74,75,81,83,85,86,87,88,92,145,146,154 because they help to attenuate waves, 
decrease wave energy, and reduce erosion.81 In addition to restoring or protecting natural habitats, 
there is also a growing interest in, and body of research regarding expectations for, performance 
in using a combination of natural and built (called hybrid, or nature-based) features, such as living 
shorelines, to protect coastal communities.83,88,90,91,155,156

Major uncertainties
The exact amount of coastal habitat loss that is due to climate change versus other human stress-
ors or multiple stressors can be hard to ascertain, because these stressors are all acting simulta-
neously on coastal habitats. Nevertheless, it is clear that climate change is one of the important 
stressors impacting coastal habitats and leading to the degradation or loss of these ecosystems, 
such as the loss of coral habitats to bleaching events due to rising ocean temperatures and the 
loss of coastal wetlands due to more intense storm events. 

The use of natural and nature-based infrastructure (NNBI) to improve coastal resilience is being 
implemented in many different states (for example, the use of living shorelines is expanding in 
Maryland, North Carolina, New Jersey, Louisiana, and other states, and the Rebuild by Design 
competition is implementing a variety of coastal resilience projects in New York and New Jersey), 
although there remain some uncertainties about how much storm and erosion risk reduction 
is provided by different techniques or projects and in different settings. The efficacy of NNBI 
remains uncertain in many instances; comprehensive monitoring, particularly during and after 
storms, would be required to ascertain how well these features are functioning for protection 
services. This monitoring could inform future coastal resilience planning and decisions, including 
the benefits, costs, and/or tradeoffs involved in considering NNBI options.157

Description of confidence and likelihood
There is high confidence that coastal ecosystems are particularly vulnerable to climate change. 
They have already been dramatically altered by human stressors, as documented in extensive 
and conclusive evidence; additional stresses from climate change point to a growing likelihood of 
coastal ecosystems being pushed past tipping points from which they will not be able to recover. 
The overall high confidence is the net result of considering the evidence base, the dramatically 
altered ecosystems from human stresses, and the directional trend of sea level rise.

Key Message 3
Social Challenges Intensified 

As the pace and extent of coastal flooding and erosion accelerate, climate change 
impacts along our coasts are exacerbating preexisting social inequities, as communities 
face difficult questions about determining who will pay for current impacts and future 
adaptation and mitigation strategies and if, how, or when to relocate. In response to actual 
or projected climate change losses and damages, coastal communities will be among the 
first in the Nation to test existing climate-relevant legal frameworks and policies against 
these impacts and, thus, will establish precedents that will affect both coastal and non-
coastal regions. (Likely, Very High Confidence)
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Description of evidence base
Reports and peer-reviewed articles are clear that socioeconomic challenges are being both 
driven and intensified by climate change.33 Particularly on the coasts, where there are multiple 
risks to contend with, including hurricanes, SLR, shoreline erosion, and flooding, the high cost 
of adaptation is proving to be beyond the means of some communities and groups.97,100,158 In areas 
where relocation is more feasible than in-place adaptation, coastal tribes of Indigenous people are 
at risk of losing their homes, cultures, and ways of life as they seek higher ground (Ch. 15: Tribes, 
KM 3).98,159 New tools are being developed to quantify risks and vulnerabilities along the coast. For 
example, tools such as the Coastal Community Social Vulnerability Index160 and the Coastal Eco-
nomic Vulnerability Index161 measure the social vulnerability of hurricane- or flood-prone areas to 
better quantify and predict how climate-driven changes are likely to impact marginalized groups. 
The Coastal Flood Exposure Mapper tool162 supports communities that are assessing their coastal 
hazard risks and vulnerabilities with user-defined maps that show the people, places, and natural 
resources exposed to coastal flooding. The U.S. Environmental Protection Agency’s Environmental 
Justice Screening and Mapping Tool provides consistent national data that allows the agency 
to protect the public health and environments of all populations, with a focus on traditionally 
underserved communities.163 Moreover, involving diverse representation in the adaptation process 
through community-driven resilience planning115 is likely to be a part of developing adaptation 
strategies that are fair and just.99,164

Major uncertainties
The main uncertainty for this Key Message is predicated on how different types of coastal effects 
(chronic flooding versus storms) will impact areas and communities along the coast. The degree 
of variation between communities means that it will be challenging to predict exactly which 
communities will be affected and to what extent, but the evidence thus far is clear: when it comes 
to climate-driven challenges and adaptation strategies, areas that have traditionally been under-
represented will continue to suffer more than wealthier or more prominent areas. Large-scale 
infrastructure investments are made in some areas and not others, and some local governments 
will not be able to afford what they need to do.

The variability in state laws and the pace at which those laws are evolving (such as shoreline man-
agement plans and setback policies for structures in the coastal zone) create major uncertainty. 

Description of confidence and likelihood
There is very high confidence that structural inequalities in coastal communities will be 
exacerbated by climate change and its attendant effects (for example, storms, erosion). In the 
absence of clear policies and legal precedent, questions about land ownership and home owner-
ship will persist.



343 Fourth National Climate AssessmentU.S. Global Change Research Program 

8 | Coastal Effects - References

References
1. Kildow, J.T., C.S. Colgan, P. Johnston, J.D. 

Scorse, and M.G. Farnum, 2016: State of the U.S. 
Ocean and Coastal Economies: 2016 Update. 
National Ocean Economics Program, Monterey, 
CA,  31  pp.  http://midat lant icocean.org/wp-
content/uploads/2016/03/NOEP_National_
Report_2016.pdf

2. Talley, W.K. and M. Ng, 2017: Hinterland transport 
chains: Determinant effects on chain choice. 
International Journal of Production Economics, 185, 
175-179. http://dx.doi.org/10.1016/j.ijpe.2016.12.026

3. Donato, D.C., J.B. Kauffman, D. Murdiyarso, S. 
Kurnianto, M. Stidham, and M. Kanninen, 2011: 
Mangroves among the most carbon-rich forests in 
the tropics. Nature Geoscience, 4, 293-297. http://
dx.doi.org/10.1038/ngeo1123

4. Kirwan, M.L. and J.P. Megonigal, 2013: Tidal wetland 
stability in the face of human impacts and sea-
level rise. Nature, 504 (7478), 53-60. http://dx.doi.
org/10.1038/nature12856

5. Syvitski, J.P.M., A.J. Kettner, I. Overeem, E.W.H. Hutton, 
M.T. Hannon, G.R. Brakenridge, J. Day, C. Vörösmarty, 
Y. Saito, L. Giosan, and R.J. Nicholls, 2009: Sinking 
deltas due to human activities. Nature Geoscience, 2, 
681-686. http://dx.doi.org/10.1038/ngeo629

6. Sweet, W.V. and J. Park, 2014: From the extreme to 
the mean: Acceleration and tipping points of coastal 
inundation from sea level rise. Earth’s Future, 2 (12), 
579-600. http://dx.doi.org/10.1002/2014EF000272

7. Sweet, W., G. Dusek, J. Obeysekera, and J.J. Marra, 
2018: Patterns and Projections of High Tide Flooding 
Along the U.S. Coastline Using a Common Impact 
Threshold. NOAA Technical Report NOS CO-OPS 086. 
National Oceanic and Atmospheric Administration, 
National Ocean Service, Silver Spring, MD, 44 pp. 
https://tidesandcurrents.noaa.gov/publications/
techrpt86_PaP_of_HTFlooding.pdf

8. Buchanan, M.K., R.E. Kopp, M. Oppenheimer, and C. 
Tebaldi, 2016: Allowances for evolving coastal flood 
risk under uncertain local sea-level rise. Climatic 
Change, 137 (3), 347-362. http://dx.doi.org/10.1007/
s10584-016-1664-7

9. Vitousek, S., P.L. Barnard, P. Limber, L. Erikson, and B. 
Cole, 2017: A model integrating longshore and cross-
shore processes for predicting long-term shoreline 
response to climate change. Journal of Geophysical 
Research Earth Surface, 122 (4), 782-806. http://
dx.doi.org/10.1002/2016JF004065

10. Stockdon, H.F., R.A. Holman, P.A. Howd, and A.H. 
Sallenger, Jr., 2006: Empirical parameterization 
of setup, swash, and runup. Coastal Engineering, 
53  ( 7 ) ,  573-588.  http://dx.doi .org/10.1016/j .
coastaleng.2005.12.005

11. Sweet, W.V., J. Park, S. Gill, and J. Marra, 2015: New 
ways to measure waves and their effects at NOAA 
tide gauges: A Hawaiian-network perspective. 
Geophysical Research Letters, 42 (21), 9355-9361. 
http://dx.doi.org/10.1002/2015GL066030

12. Serafin, K.A., P. Ruggiero, and H.F. Stockdon, 2017: 
The relative contribution of waves, tides, and 
nontidal residuals to extreme total water levels 
on U.S. West Coast sandy beaches. Geophysical 
Research Letters, 44 (4), 1839-1847. http://dx.doi.
org/10.1002/2016GL071020

13. Barnard, P.L., A.D. Short, M.D. Harley, K.D. Splinter, 
S. Vitousek, I.L. Turner, J. Allan, M. Banno, K.R. 
Bryan, A. Doria, J.E. Hansen, S. Kato, Y. Kuriyama, E. 
Randall-Goodwin, P. Ruggiero, I.J. Walker, and D.K. 
Heathfield, 2015: Coastal vulnerability across the 
Pacific dominated by El Niño/Southern Oscillation. 
Nature Geoscience, 8 (10), 801-807. http://dx.doi.
org/10.1038/ngeo2539

14. Sukop, M.C., M. Rogers, G. Guannel, J.M. Infanti, 
and K. Hagemann, 2018: High temporal resolution 
modeling of the impact of rain, tides, and sea level 
rise on water table flooding in the Arch Creek basin, 
Miami-Dade County Florida USA. Science of the Total 
Environment, 616-617, 1668-1688. http://dx.doi.
org/10.1016/j.scitotenv.2017.10.170

15. Befus, K.M., K.D. Kroeger, C.G. Smith, and P.W. 
Swarzenski, 2017: The magnitude and origin of 
groundwater discharge to eastern U.S. and Gulf 
of Mexico coastal waters. Geophysical Research 
Letters, 44 (20), 10,396-10,406. http://dx.doi.
org/10.1002/2017GL075238

http://midatlanticocean.org/wp-content/uploads/2016/03/NOEP_National_Report_2016.pdf
http://midatlanticocean.org/wp-content/uploads/2016/03/NOEP_National_Report_2016.pdf
http://midatlanticocean.org/wp-content/uploads/2016/03/NOEP_National_Report_2016.pdf
http://dx.doi.org/10.1016/j.ijpe.2016.12.026
http://dx.doi.org/10.1038/ngeo1123
http://dx.doi.org/10.1038/ngeo1123
http://dx.doi.org/10.1038/nature12856
http://dx.doi.org/10.1038/nature12856
http://dx.doi.org/10.1038/ngeo629
http://dx.doi.org/10.1002/2014EF000272
https://tidesandcurrents.noaa.gov/publications/techrpt86_PaP_of_HTFlooding.pdf
https://tidesandcurrents.noaa.gov/publications/techrpt86_PaP_of_HTFlooding.pdf
http://dx.doi.org/10.1007/s10584-016-1664-7
http://dx.doi.org/10.1007/s10584-016-1664-7
http://dx.doi.org/10.1002/2016JF004065
http://dx.doi.org/10.1002/2016JF004065
http://dx.doi.org/10.1016/j.coastaleng.2005.12.005
http://dx.doi.org/10.1016/j.coastaleng.2005.12.005
http://dx.doi.org/10.1002/2015GL066030
http://dx.doi.org/10.1002/2016GL071020
http://dx.doi.org/10.1002/2016GL071020
http://dx.doi.org/10.1038/ngeo2539
http://dx.doi.org/10.1038/ngeo2539
http://dx.doi.org/10.1016/j.scitotenv.2017.10.170
http://dx.doi.org/10.1016/j.scitotenv.2017.10.170
http://dx.doi.org/10.1002/2017GL075238
http://dx.doi.org/10.1002/2017GL075238


344 Fourth National Climate AssessmentU.S. Global Change Research Program 

8 | Coastal Effects - References

16. Rotzoll, K. and C.H. Fletcher, 2013: Assessment of 
groundwater inundation as a consequence of sea-
level rise. Nature Climate Change, 3 (5), 477-481. 
http://dx.doi.org/10.1038/nclimate1725

17. Hoover, D.J., K.O. Odigie, P.W. Swarzenski, and P. 
Barnard, 2017: Sea-level rise and coastal groundwater 
inundation and shoaling at select sites in California, 
USA. Journal of Hydrology: Regional Studies, 11, 234-
249. http://dx.doi.org/10.1016/j.ejrh.2015.12.055

18. Wahl, T., S. Jain, J. Bender, S.D. Meyers, and M.E. 
Luther, 2015: Increasing risk of compound flooding 
from storm surge and rainfall for major US cities. 
Nature Climate Change, 5 (12), 1093-1097. http://
dx.doi.org/10.1038/nclimate2736

19. Moftakhari, H.R., G. Salvadori, A. AghaKouchak, B.F. 
Sanders, and R.A. Matthew, 2017: Compounding 
effects of sea level rise and fluvial flooding. 
Proceedings of the National Academy of Sciences of the 
United States of America, 114 (37), 9785-9790. http://
dx.doi.org/10.1073/pnas.1620325114

20. Wehner, M.F., J.R. Arnold, T. Knutson, K.E. Kunkel, and 
A.N. LeGrande, 2017: Droughts, floods, and wildfires. 
Climate Science Special Report: Fourth National 
Climate Assessment, Volume I. Wuebbles, D.J., D.W. 
Fahey, K.A. Hibbard, D.J. Dokken, B.C. Stewart, and 
T.K. Maycock, Eds. U.S. Global Change Research 
Program, Washington, DC, USA, 231-256. http://
dx.doi.org/10.7930/J0CJ8BNN

21. Cheung, W.W.L., R. Watson, and D. Pauly, 2013: 
Signature of ocean warming in global fisheries catch. 
Nature, 497, 365-368. http://dx.doi.org/10.1038/
nature12156

22. Paranjpye, R.N., W.B. Nilsson, M. Liermann, E.D. 
Hilborn, B.J. George, Q. Li, B.D. Bill, V.L. Trainer, 
M.S. Strom, and P.A. Sandifer, 2015: Environmental 
influences on the seasonal distribution of Vibrio 
parahaemolyticus in the Pacific Northwest of the 
USA. FEMS Microbiology Ecology, 91 (12), fiv121. http://
dx.doi.org/10.1093/femsec/fiv121

23. Albright, R., L. Caldeira, J. Hosfelt, L. Kwiatkowski, J.K. 
Maclaren, B.M. Mason, Y. Nebuchina, A. Ninokawa, 
J. Pongratz, K.L. Ricke, T. Rivlin, K. Schneider, M. 
Sesboüé, K. Shamberger, J. Silverman, K. Wolfe, K. Zhu, 
and K. Caldeira, 2016: Reversal of ocean acidification 
enhances net coral reef calcification. Nature, 531, 
362-365. http://dx.doi.org/10.1038/nature17155

24. Sunday, J.M., K.E. Fabricius, K.J. Kroeker, K.M. 
Anderson, N.E. Brown, J.P. Barry, S.D. Connell, S. 
Dupont, B. Gaylord, J.M. Hall-Spencer, T. Klinger, 
M. Milazzo, P.L. Munday, B.D. Russell, E. Sanford, V. 
Thiyagarajan, M.L.H. Vaughan, S. Widdicombe, and 
C.D.G. Harley, 2016: Ocean acidification can mediate 
biodiversity shifts by changing biogenic habitat. 
Nature Climate Change, 7, 81-85. http://dx.doi.
org/10.1038/nclimate3161

25. AIR Worldwide, 2016: The Coastline at Risk: 2016 
Update to the Estimated Insured Value of U.S. Coastal 
Properties. AIR Worldwide, Boston, MA, 10 pp. http://
airww.co/coastlineatrisk

26. NOAA, 2017: NOAA Report on the U.S. Ocean 
and Great Lakes Economy. National Oceanic and 
Atmospheric Administration (NOAA), Office of Coastal 
Management, Charleston, SC, 23 pp. https://coast.
noaa.gov/digitalcoast/training/econreport.html

27. Padgett, J., R. DesRoches, B. Nielson, M. Yashinsky, 
O.-S. Kwon, N. Burdette, and E. Tavera, 2008: Bridge 
damage and repair costs from Hurricane Katrina. 
Journal of Bridge Engineering, 13 (1), 6-14. http://
dx.doi.org/10.1061/(ASCE)1084-0702(2008)13:1(6)

28. Kunz, M., B. Mühr, T. Kunz-Plapp, J.E. Daniell, B. 
Khazai, F. Wenzel, M. Vannieuwenhuyse, T. Comes, 
F. Elmer, K. Schröter, J. Fohringer, T. Münzberg, C. 
Lucas, and J. Zschau, 2013: Investigation of superstorm 
Sandy 2012 in a multi-disciplinary approach. Natural 
Hazards and Earth System Science, 13 (10), 2579-2598. 
http://dx.doi.org/10.5194/nhess-13-2579-2013

29. FHWA, 2008: Highways in the Coastal Environment, 
Second Edition. Hydraulic Engineering Circular No. 
25. FHWA-NHI-07-096. Douglass, S.L. and J. Krolak, 
Eds. Federal Highway Administration. Department 
of Civil Engineering, University of South Alabama, 
Mobile, AL, 250 pp. http://www.fhwa.dot.gov/
engineering/hydraulics/pubs/07096/07096.pdf

30. AECOM, 2013: The Impact of Climate Change and 
Population Growth on the National Flood Insurance 
Program Through 2100. AECOM (for FEMA), 
Arlington, VA, various pp. https://www.aecom.com/
content/wp-content/uploads/2016/06/Climate_
Change_Report_AECOM_2013-06-11.pdf

31. Shen, G. and S.G. Aydin, 2014: Highway freight 
transportation disruptions under an extreme 
environmental event: The case of Hurricane Katrina. 
International Journal of Environmental Science 
and Technology, 11 (8), 2387-2402. http://dx.doi.
org/10.1007/s13762-014-0677-x

http://dx.doi.org/10.1038/nclimate1725
http://dx.doi.org/10.1016/j.ejrh.2015.12.055
http://dx.doi.org/10.1038/nclimate2736
http://dx.doi.org/10.1038/nclimate2736
http://dx.doi.org/10.1073/pnas.1620325114
http://dx.doi.org/10.1073/pnas.1620325114
http://dx.doi.org/10.7930/J0CJ8BNN
http://dx.doi.org/10.7930/J0CJ8BNN
http://dx.doi.org/10.1038/nature12156
http://dx.doi.org/10.1038/nature12156
http://dx.doi.org/10.1093/femsec/fiv121
http://dx.doi.org/10.1093/femsec/fiv121
http://dx.doi.org/10.1038/nature17155
http://dx.doi.org/10.1038/nclimate3161
http://dx.doi.org/10.1038/nclimate3161
http://airww.co/coastlineatrisk
http://airww.co/coastlineatrisk
https://coast.noaa.gov/digitalcoast/training/econreport.html
https://coast.noaa.gov/digitalcoast/training/econreport.html
http://dx.doi.org/10.1061/(ASCE)1084-0702(2008)13
http://dx.doi.org/10.1061/(ASCE)1084-0702(2008)13
http://dx.doi.org/10.5194/nhess-13-2579-2013
http://www.fhwa.dot.gov/engineering/hydraulics/pubs/07096/07096.pdf
http://www.fhwa.dot.gov/engineering/hydraulics/pubs/07096/07096.pdf
https://www.aecom.com/content/wp-content/uploads/2016/06/Climate_Change_Report_AECOM_2013-06-11.pdf
https://www.aecom.com/content/wp-content/uploads/2016/06/Climate_Change_Report_AECOM_2013-06-11.pdf
https://www.aecom.com/content/wp-content/uploads/2016/06/Climate_Change_Report_AECOM_2013-06-11.pdf
http://dx.doi.org/10.1007/s13762-014-0677-x
http://dx.doi.org/10.1007/s13762-014-0677-x


345 Fourth National Climate AssessmentU.S. Global Change Research Program 

8 | Coastal Effects - References

32. Becker, A.H., P. Matson, M. Fischer, and M.D. 
Mastrandrea, 2015: Towards seaport resilience for 
climate change adaptation: Stakeholder perceptions 
of hurricane impacts in Gulfport (MS) and Providence 
(RI). Progress in Planning, 99, 1-49. http://dx.doi.
org/10.1016/j.progress.2013.11.002

33. Morris, K.A. and N.M. Deterding, 2016: The emotional 
cost of distance: Geographic social network 
dispersion and post-traumatic stress among 
survivors of Hurricane Katrina. Social Science & 
Medicine, 165, 56-65. http://dx.doi.org/10.1016/j.
socscimed.2016.07.034

34. Dodgen, D., D. Donato, N. Kelly, A. La Greca, J. 
Morganstein, J. Reser, J. Ruzek, S. Schweitzer, M.M. 
Shimamoto, K. Thigpen Tart, and R. Ursano, 2016: 
Ch. 8: Mental health and well-being. The Impacts 
of Climate Change on Human Health in the United 
States: A Scientific Assessment. U.S. Global Change 
Research Program, Washington, DC, 217–246. http://
dx.doi.org/10.7930/J0TX3C9H

35. EPA, 2017: Multi-model Framework for Quantitative 
Sectoral Impacts Analysis: A Technical Report 
for the Fourth National Climate Assessment. EPA 
430‐R‐17‐001. U.S. Environmental Protection 
Agency (EPA), Washington, DC, 271 pp. https://
cfpub.epa.gov/si/si_public_record_Report.
cfm?dirEntryId=335095

36. Sweet, W.V., R.E. Kopp, C.P. Weaver, J. Obeysekera, 
R.M. Horton, E.R. Thieler, and C. Zervas, 2017: 
Global and Regional Sea Level Rise Scenarios for the 
United States. NOAA Tech. Rep. NOS CO-OPS 083. 
National Oceanic and Atmospheric Administration, 
National Ocean Service, Silver Spring, MD, 75 pp. 
https://tidesandcurrents.noaa.gov/publications/
techrpt83_Global_and_Regional_SLR_Scenarios_
for_the_US_final.pdf

37. Kopp, R.E., R.M. Horton, C.M. Little, J.X. Mitrovica, 
M. Oppenheimer, D.J. Rasmussen, B.H. Strauss, and 
C. Tebaldi, 2014: Probabilistic 21st and 22nd century 
sea-level projections at a global network of tide-
gauge sites. Earth’s Future, 2 (8), 383-406. http://
dx.doi.org/10.1002/2014EF000239

38. Vitousek, S., P.L. Barnard, and P. Limber, 2017: 
Can beaches survive climate change? Journal of 
Geophysical Research Earth Surface, 122 (4), 1060-
1067. http://dx.doi.org/10.1002/2017JF004308

39. Tebaldi, C., B.H. Strauss, and C.E. Zervas, 2012: 
Modelling sea level rise impacts on storm surges along 
US coasts. Environmental Research Letters, 7 (1), 014032. 
http://dx.doi.org/10.1088/1748-9326/7/1/014032

40. Reed, A.J., M.E. Mann, K.A. Emanuel, N. Lin, B.P. 
Horton, A.C. Kemp, and J.P. Donnelly, 2015: Increased 
threat of tropical cyclones and coastal flooding 
to New York City during the anthropogenic era. 
Proceedings of the National Academy of Sciences of the 
United States of America, 112 (41), 12610-12615. http://
dx.doi.org/10.1073/pnas.1513127112

41. O’Gorman, P.A. and T. Schneider, 2009: The physical 
basis for increases in precipitation extremes 
in simulations of 21st-century climate change. 
Proceedings of the National Academy of Sciences of the 
United States of America, 106 (35), 14773-14777. http://
dx.doi.org/10.1073/pnas.0907610106

42. van der Wiel, K., S.B. Kapnick, G.J. van Oldenborgh, 
K. Whan, S. Philip, G.A. Vecchi, R.K. Singh, J. Arrighi, 
and H. Cullen, 2017: Rapid attribution of the August 
2016 flood-inducing extreme precipitation in south 
Louisiana to climate change. Hydrology and Earth 
System Sciences, 21 (2), 897-921. http://dx.doi.
org/10.5194/hess-21-897-2017

43. Wang, G., D. Wang, K.E. Trenberth, A. Erfanian, M. Yu, 
Michael G. Bosilovich, and D.T. Parr, 2017: The peak 
structure and future changes of the relationships 
between extreme precipitation and  temperature. 
Nature Climate Change, 7, 268-274. http://dx.doi.
org/10.1038/nclimate3239

44. Knutson, T.R., J.L. McBride, J. Chan, K. Emanuel, 
G. Holland, C. Landsea, I. Held, J.P. Kossin, A.K. 
Srivastava, and M. Sugi, 2010: Tropical cyclones and 
climate change. Nature Geoscience, 3 (3), 157-163. 
http://dx.doi.org/10.1038/ngeo779

45. Kossin, J.P., T. Hall, T. Knutson, K.E. Kunkel, R.J. Trapp, 
D.E. Waliser, and M.F. Wehner, 2017: Extreme storms. 
Climate Science Special Report: Fourth National 
Climate Assessment, Volume I. Wuebbles, D.J., D.W. 
Fahey, K.A. Hibbard, D.J. Dokken, B.C. Stewart, and 
T.K. Maycock, Eds. U.S. Global Change Research 
Program, Washington, DC, USA, 257-276. http://
dx.doi.org/10.7930/J07S7KXX

46. Moftakhari, H.R., A. AghaKouchak, B.F. Sanders, D.L. 
Feldman, W. Sweet, R.A. Matthew, and A. Luke, 2015: 
Increased nuisance flooding along the coasts of the 
United States due to sea level rise: Past and future. 
Geophysical Research Letters, 42 (22), 9846-9852. 
http://dx.doi.org/10.1002/2015GL066072

http://dx.doi.org/10.1016/j.progress.2013.11.002
http://dx.doi.org/10.1016/j.progress.2013.11.002
http://dx.doi.org/10.1016/j.socscimed.2016.07.034
http://dx.doi.org/10.1016/j.socscimed.2016.07.034
http://dx.doi.org/10.7930/J0TX3C9H
http://dx.doi.org/10.7930/J0TX3C9H
https://cfpub.epa.gov/si/si_public_record_Report.cfm?dirEntryId=335095
https://cfpub.epa.gov/si/si_public_record_Report.cfm?dirEntryId=335095
https://cfpub.epa.gov/si/si_public_record_Report.cfm?dirEntryId=335095
https://tidesandcurrents.noaa.gov/publications/techrpt83_Global_and_Regional_SLR_Scenarios_for_the_US_final.pdf
https://tidesandcurrents.noaa.gov/publications/techrpt83_Global_and_Regional_SLR_Scenarios_for_the_US_final.pdf
https://tidesandcurrents.noaa.gov/publications/techrpt83_Global_and_Regional_SLR_Scenarios_for_the_US_final.pdf
http://dx.doi.org/10.1002/2014EF000239
http://dx.doi.org/10.1002/2014EF000239
http://dx.doi.org/10.1002/2017JF004308
http://dx.doi.org/10.1088/1748-9326/7/1/014032
http://dx.doi.org/10.1073/pnas.1513127112
http://dx.doi.org/10.1073/pnas.1513127112
http://dx.doi.org/10.1073/pnas.0907610106
http://dx.doi.org/10.1073/pnas.0907610106
http://dx.doi.org/10.5194/hess-21-897-2017
http://dx.doi.org/10.5194/hess-21-897-2017
http://dx.doi.org/10.1038/nclimate3239
http://dx.doi.org/10.1038/nclimate3239
http://dx.doi.org/10.1038/ngeo779
http://dx.doi.org/10.7930/J07S7KXX
http://dx.doi.org/10.7930/J07S7KXX
http://dx.doi.org/10.1002/2015GL066072


346 Fourth National Climate AssessmentU.S. Global Change Research Program 

8 | Coastal Effects - References

47. Buchanan, M.K., M. Oppenheimer, and R.E. Kopp, 
2017: Amplification of flood frequencies with local sea 
level rise and emerging flood regimes. Environmental 
Research Letters, 12 (6), 064009. http://dx.doi.
org/10.1088/1748-9326/aa6cb3

48. Sweet, W.V., R. Horton, R.E. Kopp, A.N. LeGrande, 
and A. Romanou, 2017: Sea level rise. Climate Science 
Special Report: Fourth National Climate Assessment, 
Volume I. Wuebbles, D.J., D.W. Fahey, K.A. Hibbard, 
D.J. Dokken, B.C. Stewart, and T.K. Maycock, Eds. U.S. 
Global Change Research Program, Washington, DC, 
USA, 333-363. http://dx.doi.org/10.7930/J0VM49F2

49. DeConto, R.M. and D. Pollard, 2016: Contribution of 
Antarctica to past and future sea-level rise. Nature, 
531 (7596), 591-597. http://dx.doi.org/10.1038/
nature17145

50. Jackson, L.P. and S. Jevrejeva, 2016: A probabilistic 
approach to 21st century regional sea-level 
projections using RCP and High-end scenarios. 
Global and Planetary Change, 146, 179-189. http://
dx.doi.org/10.1016/j.gloplacha.2016.10.006

51. Wong, T.E., A.M.R. Bakker, and K. Keller, 2017: Impacts 
of Antarctic fast dynamics on sea-level projections and 
coastal flood defense. Climatic Change, 144 (2), 347-
364. http://dx.doi.org/10.1007/s10584-017-2039-4

52. Kopp, R., R. M. DeConto, D. A. Bader, C. C. Hay, 
R. Horton, S. Kulp, M. Oppenheimer, D. Pollard, 
and B. Strauss, 2017: Implications of ice-shelf 
hydrofracturing and ice-cliff collapse mechanisms 
for sea-level projections. Earth’s Future, 5, 1217-1233. 
http://dx.doi.org/10.1002/2017EF000663

53. Zervas, C., 2013: Extreme Water Levels of the United 
States 1893-2010. NOAA Technical Report NOS 
CO-OPS 067. NOAA National Ocean Service, Silver 
Spring, MD, 200 pp. https://tidesandcurrents.noaa.
gov/publications/NOAA_Technical_Report_NOS_
COOPS_067a.pdf

54. Swiss Re, 2013: Natural Catastrophes and Man-
Made Disasters in 2012: A Year of Extreme Weather 
Events in the US. Sigma 2/2013. Swiss Re, Zurich, 
Switzerland, 39 pp. http://institute.swissre.com/
research/overview/sigma/2_2013.html

55. Strauss, B.H., S. Kulp, and A. Levermann, 2015: 
Carbon choices determine US cities committed to 
futures below sea level. Proceedings of the National 
Academy of Sciences of the United States of America, 
112 (44), 13508-13513. http://dx.doi.org/10.1073/
pnas.1511186112

56. McNeill, R., D.J. Nelson, and D. Wilson, 2014: 
Water’s Edge: The Crisis of Rising Sea Levels. 
Reuters Investigates. Thomson Reuters. https://
www.reuters.com/investigates/special-report/
waters-edge-the-crisis-of-rising-sea-levels/

57. Gordon, K. and the Risky Business Project, 2014: The 
Economic Risks of Climate Change in the United 
States: A Climate Risk Assessment for the United 
States. Risky Business Project, New York, 51 pp. https://
riskybusiness.org/site/assets/uploads/2015/09/
RiskyBusiness_Report_WEB_09_08_14.pdf

58. Freddie Mac, 2016: Insight: Life’s a beach. Freddie 
Mac, Washington, DC. http://www.freddiemac.com/
research/insight/20160426_lifes_a_beach.html

59. Neumann, J.E., K. Emanuel, S. Ravela, L. Ludwig, 
P. Kirshen, K. Bosma, and J. Martinich, 2015: Joint 
effects of storm surge and sea-level rise on US 
Coasts: New economic estimates of impacts, 
adaptation, and benefits of mitigation policy. Climatic 
Change, 129 (1), 337-349. http://dx.doi.org/10.1007/
s10584-014-1304-z

60. Houser, T., S. Hsiang, R. Kopp, and K. Larsen, 2015: 
Economic Risks of Climate Change: An American 
Prospectus. Columbia University Press, New 
York, 384 pp. 

61. Urbina, I., 2016: “Perils of climate change could swamp 
coastal real estate.” New York Times, November 24. 
https://www.nytimes.com/2016/11/24/science/
global-warming-coastal-real-estate.html

62. Comerio, M.C., 2017: Disaster recovery and 
community renewal: Housing approaches. Coming 
Home after Disaster: Multiple Dimensions of Housing 
Recovery. Sapat, A. and A.-M. Esnard, Eds. CRC Press/
Taylor & Francis Group, Boca Raton, FL, 3-20. 

63. Hecht, S.B., 2008: Climate change and the 
transformation of risk: Insurance matters. UCLA Law 
Review, 2008, 1559-1620. https://www.uclalawreview.
org/climate-change-and-the-transformation-of-
risk-insurance-matters/

64. Hecht, S.B., 2012: Insurance. The Law of Adaptation 
to Climate Change: U.S. and Inernational Aspects. 
Gerrard, M.B. and K.F. Kuh, Eds. American Bar 
Association, Chicago, IL, 511-541. https://papers.ssrn.
com/sol3/papers.cfm?abstract_id=2254113

http://dx.doi.org/10.1088/1748-9326/aa6cb3
http://dx.doi.org/10.1088/1748-9326/aa6cb3
http://dx.doi.org/10.7930/J0VM49F2
http://dx.doi.org/10.1038/nature17145
http://dx.doi.org/10.1038/nature17145
http://dx.doi.org/10.1016/j.gloplacha.2016.10.006
http://dx.doi.org/10.1016/j.gloplacha.2016.10.006
http://dx.doi.org/10.1007/s10584-017-2039-4
http://dx.doi.org/10.1002/2017EF000663
https://tidesandcurrents.noaa.gov/publications/NOAA_Technical_Report_NOS_COOPS_067a.pdf
https://tidesandcurrents.noaa.gov/publications/NOAA_Technical_Report_NOS_COOPS_067a.pdf
https://tidesandcurrents.noaa.gov/publications/NOAA_Technical_Report_NOS_COOPS_067a.pdf
http://institute.swissre.com/research/overview/sigma/2_2013.html
http://institute.swissre.com/research/overview/sigma/2_2013.html
http://dx.doi.org/10.1073/pnas.1511186112
http://dx.doi.org/10.1073/pnas.1511186112
https://www.reuters.com/investigates/special-report/waters-edge-the-crisis-of-rising-sea-levels/
https://www.reuters.com/investigates/special-report/waters-edge-the-crisis-of-rising-sea-levels/
https://www.reuters.com/investigates/special-report/waters-edge-the-crisis-of-rising-sea-levels/
https://riskybusiness.org/site/assets/uploads/2015/09/RiskyBusiness_Report_WEB_09_08_14.pdf
https://riskybusiness.org/site/assets/uploads/2015/09/RiskyBusiness_Report_WEB_09_08_14.pdf
https://riskybusiness.org/site/assets/uploads/2015/09/RiskyBusiness_Report_WEB_09_08_14.pdf
http://www.freddiemac.com/research/insight/20160426_lifes_a_beach.html
http://www.freddiemac.com/research/insight/20160426_lifes_a_beach.html
http://dx.doi.org/10.1007/s10584-014-1304-z
http://dx.doi.org/10.1007/s10584-014-1304-z
https://www.nytimes.com/2016/11/24/science/global-warming-coastal-real-estate.html
https://www.nytimes.com/2016/11/24/science/global-warming-coastal-real-estate.html
https://www.uclalawreview.org/climate-change-and-the-transformation-of-risk-insurance-matters/
https://www.uclalawreview.org/climate-change-and-the-transformation-of-risk-insurance-matters/
https://www.uclalawreview.org/climate-change-and-the-transformation-of-risk-insurance-matters/
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2254113
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2254113


347 Fourth National Climate AssessmentU.S. Global Change Research Program 

8 | Coastal Effects - References

65. GAO, 2011: FEMA: Action Needed to Improve 
Administration of the National Flood Insurance 
Program. GAO-11-297. U.S. Government Accountability 
Office, Washington, DC, 81 pp. https://www.gao.
gov/products/GAO-11-297

66. Office of Management and Budget, 2017: Letter 
to Honorable Michael R. Pence, October 4, 2017. 
Executive Office of the President, Washington, DC, 
6 pp. https://www.whitehouse.gov/wp-content/
uploads/2017/11/letter_regarding_additional_
funding_and_reforms_to_address_impacts_of_
recent_natural_disasters.pdf

67. Upton, J., 2017: The injustice of Atlantic City’s floods. 
Climate Central. http://reports.climatecentral.org/
atlantic-city/sea-level-rise/

68. Bolstad, E., 2017: High Ground Is Becoming Hot 
Property as Sea Level Rises. Climatewire, May 1.

69. Tampa Bay Regional Planning Council, 2017: [web 
site]. Tampa Bay Regional Planning Council, Tampa 
Bay, FL. http://www.tbrpc.org/index.shtml

70. Moser, S.C., M.A. Davidson, P. Kirshen, P. Mulvaney, 
J.F. Murley, J.E. Neumann, L. Petes, and D. Reed, 2014: 
Ch. 25: Coastal zone development and ecosystems. 
Climate Change Impacts in the United States: The 
Third National Climate Assessment. Melillo, J.M., T.C. 
Richmond, and G.W. Yohe, Eds. U.S. Global Change 
Research Program, Washington, DC, 579-618. http://
dx.doi.org/10.7930/J0MS3QNW

71. FERC, 2015: Energy Primer: A Handkbook of Energy 
Market Basics. Federal Energy Regulatory Commission 
(FERC), Washington, DC, 132 pp. https://www.ferc.
gov/market-oversight/guide/energy-primer.pdf

72. U.S. DOE, n.d.: Learn more about interconnections. 
U.S. Department of Energy, Office of Electricity 
Delivery & Energy Reliability, Washington, DC. 
https://energy.gov/oe/services/electricity-
pol icy-coordinat ion-and-implementat ion/
transmission-planning/recovery-act-0

73. Becker, A., A. Hippe, and E. Mclean, 2017: Cost and 
materials required to retrofit US seaports in response 
to sea level rise: A thought exercise for climate 
response. Journal of Marine Science and Engineering, 
5 (3), 44. http://dx.doi.org/10.3390/jmse5030044

74. Barbier, E.B., S.D. Hacker, C. Kennedy, E.W. Koch, A.C. 
Stier, and B.R. Silliman, 2011: The value of estuarine and 
coastal ecosystem services. Ecological Monographs, 
81 (2), 169-193. http://dx.doi.org/10.1890/10-1510.1

75. Dahl, T.E. and S.-M. Stedman, 2013: Status and 
Trends of Wetlands in the Coastal Watersheds of 
the Conterminous United States 2004 to 2009. 
U.S. Department of the Interior, Fish and Wildlife 
Service and National Oceanic and Atmospheric 
Administration, National Marine Fisheries Service, 
Reston, VA and Silver Spring, MD, 46 pp. https://
www.fws.gov/wetlands/Documents/Status-and-
Trends-of-Wetlands-In-the-Coastal-Watersheds-
of-the-Conterminous-US-2004-to-2009.pdf

76. Raposa, K.B., K. Wasson, E. Smith, J.A. Crooks, P. 
Delgado, S.H. Fernald, M.C. Ferner, A. Helms, L.A. Hice, 
J.W. Mora, B. Puckett, D. Sanger, S. Shull, L. Spurrier, 
R. Stevens, and S. Lerberg, 2016: Assessing tidal marsh 
resilience to sea-level rise at broad geographic scales 
with multi-metric indices. Biological Conservation, 
204 (Part B), 263-275. http://dx.doi.org/10.1016/j.
biocon.2016.10.015

77. Lentz, E.E., E.R. Thieler, N.G. Plant, S.R. Stippa, R.M. 
Horton, and D.B. Gesch, 2016: Evaluation of dynamic 
coastal response to sea-level rise modifies inundation 
likelihood. Nature Climate Change, 6 (7), 696-700. 
http://dx.doi.org/10.1038/nclimate2957

78. Howard, J., A. Sutton-Grier, D. Herr, J. Kleypas, E. 
Landis, E. McLeod, E. Pidgeon, and S. Simpson, 
2017: Clarifying the role of coastal and marine 
systems in climate mitigation. Frontiers in Ecology 
and the Environment, 15 (1), 42-50. http://dx.doi.
org/10.1002/fee.1451

79. Davis, J.L., C.A. Currin, C. O’Brien, C. Raffenburg, and A. 
Davis, 2015: Living shorelines: Coastal resilience with 
a blue carbon benefit. PLOS ONE, 10 (11), e0142595. 
http://dx.doi.org/10.1371/journal.pone.0142595

80. USCCSP, 2018: Second State of the Carbon Cycle 
Report (SOCCR2): A Sustained Assessment Report. 
Cavallaro, N., G. Shrestha, R. Birdsey, M. Mayes, R. 
Najjar, S. Reed, P. Romero-Lankao, and Z. Zhu, Eds. 
U.S. Gloval Change Research Program, Washington, 
DC, 877 pp. http://dx.doi.org/10.7930/SOCCR2.2018

81. Arkema, K.K., G. Guannel, G. Verutes, S.A. Wood, A. 
Guerry, M. Ruckelshaus, P. Kareiva, M. Lacayo, and 
J.M. Silver, 2013: Coastal habitats shield people and 
property from sea-level rise and storms. Nature 
Climate Change, 3 (10), 913-918. http://dx.doi.
org/10.1038/nclimate1944

https://www.gao.gov/products/GAO-11-297
https://www.gao.gov/products/GAO-11-297
https://www.whitehouse.gov/wp-content/uploads/2017/11/letter_regarding_additional_funding_and_reforms_to_address_impacts_of_recent_natural_disasters.pdf
https://www.whitehouse.gov/wp-content/uploads/2017/11/letter_regarding_additional_funding_and_reforms_to_address_impacts_of_recent_natural_disasters.pdf
https://www.whitehouse.gov/wp-content/uploads/2017/11/letter_regarding_additional_funding_and_reforms_to_address_impacts_of_recent_natural_disasters.pdf
https://www.whitehouse.gov/wp-content/uploads/2017/11/letter_regarding_additional_funding_and_reforms_to_address_impacts_of_recent_natural_disasters.pdf
http://reports.climatecentral.org/atlantic-city/sea-level-rise/
http://reports.climatecentral.org/atlantic-city/sea-level-rise/
http://www.tbrpc.org/index.shtml
http://dx.doi.org/10.7930/J0MS3QNW
http://dx.doi.org/10.7930/J0MS3QNW
https://www.ferc.gov/market-oversight/guide/energy-primer.pdf
https://www.ferc.gov/market-oversight/guide/energy-primer.pdf
https://energy.gov/oe/services/electricity-policy-coordination-and-implementation/transmission-planning/recovery-act-0
https://energy.gov/oe/services/electricity-policy-coordination-and-implementation/transmission-planning/recovery-act-0
https://energy.gov/oe/services/electricity-policy-coordination-and-implementation/transmission-planning/recovery-act-0
http://dx.doi.org/10.3390/jmse5030044
http://dx.doi.org/10.1890/10-1510.1
https://www.fws.gov/wetlands/Documents/Status-and-Trends-of-Wetlands-In-the-Coastal-Watersheds-of-the-Conterminous-US-2004-to-2009.pdf
https://www.fws.gov/wetlands/Documents/Status-and-Trends-of-Wetlands-In-the-Coastal-Watersheds-of-the-Conterminous-US-2004-to-2009.pdf
https://www.fws.gov/wetlands/Documents/Status-and-Trends-of-Wetlands-In-the-Coastal-Watersheds-of-the-Conterminous-US-2004-to-2009.pdf
https://www.fws.gov/wetlands/Documents/Status-and-Trends-of-Wetlands-In-the-Coastal-Watersheds-of-the-Conterminous-US-2004-to-2009.pdf
http://dx.doi.org/10.1016/j.biocon.2016.10.015
http://dx.doi.org/10.1016/j.biocon.2016.10.015
http://dx.doi.org/10.1038/nclimate2957
http://dx.doi.org/10.1002/fee.1451
http://dx.doi.org/10.1002/fee.1451
http://dx.doi.org/10.1371/journal.pone.0142595
http://dx.doi.org/10.1038/nclimate1944
http://dx.doi.org/10.1038/nclimate1944


348 Fourth National Climate AssessmentU.S. Global Change Research Program 

8 | Coastal Effects - References

82. Spalding, M.D., S. Ruffo, C. Lacambra, I. Meliane, L.Z. 
Hale, C.C. Shepard, and M.W. Beck, 2014: The role 
of ecosystems in coastal protection: Adapting to 
climate change and coastal hazards. Ocean & Coastal 
Management, 90, 50-57. http://dx.doi.org/10.1016/j.
ocecoaman.2013.09.007

83. Sutton-Grier, A.E., K. Wowk, and H. Bamford, 2015: 
Future of our coasts: The potential for natural and 
hybrid infrastructure to enhance the resilience of our 
coastal communities, economies and ecosystems. 
Environmental Science & Policy, 51, 137-148. http://
dx.doi.org/10.1016/j.envsci.2015.04.006

84. Gedan, K.B., M.L. Kirwan, E. Wolanski, E.B. Barbier, 
and B.R. Silliman, 2011: The present and future role of 
coastal wetland vegetation in protecting shorelines: 
Answering recent challenges to the paradigm. 
Climatic Change, 106 (1), 7-29. http://dx.doi.
org/10.1007/s10584-010-0003-7

85. Shepard, C.C., C.M. Crain, and M.W. Beck, 2011: The 
protective role of coastal marshes: A systematic 
review and meta-analysis. PLOS ONE, 6 (11), e27374. 
http://dx.doi.org/10.1371/journal.pone.0027374

86. Zhang, K., H. Liu, Y. Li, H. Xu, J. Shen, J. Rhome, and 
T.J. Smith, 2012: The role of mangroves in attenuating 
storm surges. Estuarine, Coastal and Shelf Science, 
102-103 ,  1 1-23 .  ht tp ://dx.doi .org/10. 1016/j .
ecss.2012.02.021

87. Ferrario, F., M.W. Beck, C.D. Storlazzi, F. Micheli, 
C.C. Shepard, and L. Airoldi, 2014: The effectiveness 
of coral reefs for coastal hazard risk reduction and 
adaptation. Nature Communications, 5, 3794. http://
dx.doi.org/10.1038/ncomms4794

88. Möller, I., M. Kudella, F. Rupprecht, T. Spencer, M. 
Paul, B.K. van Wesenbeeck, G. Wolters, K. Jensen, T.J. 
Bouma, M. Miranda-Lange, and S. Schimmels, 2014: 
Wave attenuation over coastal salt marshes under 
storm surge conditions. Nature Geoscience, 7 (10), 
727-731. http://dx.doi.org/10.1038/ngeo2251

89. Rodriguez, A.B., F.J. Fodrie, J.T. Ridge, N.L. Lindquist, 
E.J. Theuerkauf, S.E. Coleman, J.H. Grabowski, 
M.C. Brodeur, R.K. Gittman, D.A. Keller, and M.D. 
Kenworthy, 2014: Oyster reefs can outpace sea-
level rise. Nature Climate Change, 4, 493-497. http://
dx.doi.org/10.1038/nclimate2216

90. Gittman, R.K., A.M. Popowich, J.F. Bruno, and C.H. 
Peterson, 2014: Marshes with and without sills 
protect estuarine shorelines from erosion better 
than bulkheads during a Category 1 hurricane. Ocean 
& Coastal Management, 102 (Part A), 94-102. http://
dx.doi.org/10.1016/j.ocecoaman.2014.09.016

91. Currin, C.A., J. Davis, and A. Malhotra, 2017: Response 
of salt marshes to wave energy provides guidance 
for successful living shoreline implementation. 
Living Shorelines: The Science and Management of 
Nature-Based Coastal Protection. Bilkovic, D.M., M.M. 
Mitchell, M.K. La Peyre, and J.D. Toft, Eds. CRC Press, 
Boca Raton, FL, 211-234. 

92. Barbier, E.B., I.Y. Georgiou, B. Enchelmeyer, and 
D.J. Reed, 2013: The value of wetlands in protecting 
southeast Louisiana from hurricane storm surges. 
PLOS ONE, 8 (3), e58715. http://dx.doi.org/10.1371/
journal.pone.0058715

93. Narayan, S., M.W. Beck, P. Wilson, C. Thomas, A. 
Guerrero, C. Shepard, B.G. Reguero, G. Franco, J.C. 
Ingram, and D. Trespalacios, 2016: Coastal Wetlands 
and Flood Damage Reduction: Using Risk Industry-
based Models to Assess Natural Defenses in the 
Northeastern USA. Lloyd’s Tercentenary Research 
Foundation, London, 23 pp. https://bit.ly/2OJ1Cfy

94. Narayan, S., M.W. Beck, P. Wilson, C.J. Thomas, A. 
Guerrero, C.C. Shepard, B.G. Reguero, G. Franco, 
J.C. Ingram, and D. Trespalacios, 2017: The value of 
coastal wetlands for flood damage reduction in the 
northeastern USA. Scientific Reports, 7 (1), 9463. 
http://dx.doi.org/10.1038/s41598-017-09269-z

95. Cleetus, R., R. Bueno, and K. Dahl, 2015: Surviving 
and Thriving in the Face of Rising Seas: Building 
Resilience for Communities on the Front Lines of 
Climate Change. Union of Concerned Scientists, 
Cambridge, MA, 52 pp. https://www.ucsusa.org/
global-warming/prepare-impacts/communities-
on-front-lines-of-climate-change-sea-level-rise

96. Gotham, K.F., 2014: Reinforcing inequalities: The 
impact of the CDBG Program on post-Katrina 
rebuilding. Housing Policy Debate, 24 (1), 192-212. 
http://dx.doi.org/10.1080/10511482.2013.840666

97. Wang, C. and B. Yarnal, 2012: The vulnerability of 
the elderly to hurricane hazards in Sarasota, Florida. 
Natural Hazards, 63 (2), 349-373. http://dx.doi.
org/10.1007/s11069-012-0151-3

http://dx.doi.org/10.1016/j.ocecoaman.2013.09.007
http://dx.doi.org/10.1016/j.ocecoaman.2013.09.007
http://dx.doi.org/10.1016/j.envsci.2015.04.006
http://dx.doi.org/10.1016/j.envsci.2015.04.006
http://dx.doi.org/10.1007/s10584-010-0003-7
http://dx.doi.org/10.1007/s10584-010-0003-7
http://dx.doi.org/10.1371/journal.pone.0027374
http://dx.doi.org/10.1016/j.ecss.2012.02.021
http://dx.doi.org/10.1016/j.ecss.2012.02.021
http://dx.doi.org/10.1038/ncomms4794
http://dx.doi.org/10.1038/ncomms4794
http://dx.doi.org/10.1038/ngeo2251
http://dx.doi.org/10.1038/nclimate2216
http://dx.doi.org/10.1038/nclimate2216
http://dx.doi.org/10.1016/j.ocecoaman.2014.09.016
http://dx.doi.org/10.1016/j.ocecoaman.2014.09.016
http://dx.doi.org/10.1371/journal.pone.0058715
http://dx.doi.org/10.1371/journal.pone.0058715
https://bit.ly/2OJ1Cfy
http://dx.doi.org/10.1038/s41598-017-09269-z
https://www.ucsusa.org/global-warming/prepare-impacts/communities-on-front-lines-of-climate-change-sea-level-rise
https://www.ucsusa.org/global-warming/prepare-impacts/communities-on-front-lines-of-climate-change-sea-level-rise
https://www.ucsusa.org/global-warming/prepare-impacts/communities-on-front-lines-of-climate-change-sea-level-rise
http://dx.doi.org/10.1080/10511482.2013.840666
http://dx.doi.org/10.1007/s11069-012-0151-3
http://dx.doi.org/10.1007/s11069-012-0151-3


349 Fourth National Climate AssessmentU.S. Global Change Research Program 

8 | Coastal Effects - References

98. Moerlein, K.J. and C. Carothers, 2012: Total 
environment of change: Impacts of climate change 
and social transitions on subsistence fisheries in 
northwest Alaska. Ecology and Society, 17 (1), 10. 
http://dx.doi.org/10.5751/es-04543-170110

99. Kashem, S.B., B. Wilson, and S. Van Zandt, 2016: 
Planning for climate adaptation: Evaluating the 
changing patterns of social vulnerability and 
adaptation challenges in three coastal cities. Journal 
of Planning Education and Research, 36 (3), 304-318. 
http://dx.doi.org/10.1177/0739456x16645167

100. Binita, K.-C., J.M. Shepherd, and C.J. Gaither, 
2015: Climate change vulnerability assessment in 
Georgia. Applied Geography, 62, 62-74. http://dx.doi.
org/10.1016/j.apgeog.2015.04.007

101. Bronen, R., 2011: Climate-induced community 
relocations: Creating an adaptive governance 
framework based in human rights doctrine. New 
York University Review Law & Social Change, 35, 
357-408. http://socialchangenyu.files.wordpress.
com/2012/08/cl imate-induced-migrat ion-
bronen-35-2.pdf

102. Hauer, M.E., 2017: Migration induced by sea-level 
rise could reshape the US population landscape. 
Nature Climate Change, 7 (5), 321-325. http://dx.doi.
org/10.1038/nclimate3271

103. Black, R., D. Kniveton, and K. Schmidt-Verkerk, 2013: 
Migration and climate change: Toward an integrated 
assessment of sensitivity. Disentangling Migration 
and Climate Change: Methodologies, Political 
Discourses and Human Rights. Faist, T. and J. Schade, 
Eds. Springer Netherlands, Dordrecht, 29-53. http://
dx.doi.org/10.1007/978-94-007-6208-4_2

104. Laczko, F. and C. Aghazarm, 2009: Introduction 
and overview: Enhancing the knowledge base. 
Migration, Environment and Climate Change: 
Assessing the Evidence. Laczko, F. and C. Aghazarm, 
Eds. International Organization for Migration (IOM), 
Geneva, Switzerland, 7-40. https://publications.
iom. int/system/f i les/pdf/migrat ion_and_
environment.pdf

105. GAO, 2007: Disaster Assistance: Better Planning 
Needed for Housing Victims of Catastrophic Disasters. 
GAO-07-88. U.S. Government Accountability Office 
(GAO), Washington, DC, 84 pp. https://www.gao.
gov/products/GAO-07-88

106. Spanne, A., 2016: “The lucky ones: Native American 
tribe receives $48m to flee climate change.” 
The Guardian. https://www.theguardian.com/
environment/2016/mar/23/native-american-
tribes-first-nations-climate-change-environment-
indican-removal-act

107. NDRC, 2016: National Disaster Resilience Competition 
(NDRC): Grantee Profiles. U.S. Department of 
Housing and Urban Development, Washington, DC, 
23 pp. https://www.hud.gov/sites/documents/
NDRCGRANTPROF.PDF

108. Moser, S.C. and J.A.F. Hart, 2015: The long arm of 
climate change: Societal teleconnections and the 
future of climate change impacts studies. Climatic 
Change, 129 (1), 13-26. http://dx.doi.org/10.1007/
s10584-015-1328-z

109. Adaptation Clearinghouse, 2017: [web site]. 
A d a p t a t i o n  C l e a r i n g h o u s e  ( G e o r g e t o w n 
Climate Center), Washington, DC. http://www.
adaptationclearinghouse.org/

110. Vogel, J., K.M. Carney, J.B. Smith, C. Herrick, M. 
Stults, M. O’Grady, A.S. Juliana, H. Hosterman, and 
L. Giangola, 2016: Climate Adaptation—The State of 
Practice in U.S. Communities. Kresge Foundation, 
Detroit. http://kresge.org/sites/default/files/
library/climate-adaptation-the-state-of-practice-
in-us-communities-full-report.pdf

111. U.S. Federal Government, 2018: U.S. Climate 
Resilience Toolkit [web site]. U.S. Global Change 
Research Program, Washington, DC. https://toolkit.
climate.gov/

112. Newton Mann, A., P. Grifman, and J. Fizi Hart, 2017: 
The stakes are rising: Lessons on engaging coastal 
communities on climate adaptation in Southern 
California. Cities and the Environment (CATE), 10 
(2), Article 6. http://digitalcommons.lmu.edu/cate/
vol10/iss2/6

113. Grifman, P., J. Hart, J. Ladwig, A.N. Mann, and M. 
Schulhof, 2013: Sea Level Rise Vulnerability Study for 
the City of Los Angeles. Technical Report USCSG-
TR-05-2013 University of Southern California Sea 
Grant Program, Los Angeles, CA, 45 pp. https://
dornsife.usc.edu/uscseagrant/la-slr/

http://dx.doi.org/10.5751/es-04543-170110
http://dx.doi.org/10.1177/0739456x16645167
http://dx.doi.org/10.1016/j.apgeog.2015.04.007
http://dx.doi.org/10.1016/j.apgeog.2015.04.007
http://socialchangenyu.files.wordpress.com/2012/08/climate-induced-migration-bronen-35-2.pdf
http://socialchangenyu.files.wordpress.com/2012/08/climate-induced-migration-bronen-35-2.pdf
http://socialchangenyu.files.wordpress.com/2012/08/climate-induced-migration-bronen-35-2.pdf
http://dx.doi.org/10.1038/nclimate3271
http://dx.doi.org/10.1038/nclimate3271
http://dx.doi.org/10.1007/978-94-007-6208-4_2
http://dx.doi.org/10.1007/978-94-007-6208-4_2
https://publications.iom.int/system/files/pdf/migration_and_environment.pdf
https://publications.iom.int/system/files/pdf/migration_and_environment.pdf
https://publications.iom.int/system/files/pdf/migration_and_environment.pdf
https://www.gao.gov/products/GAO-07-88
https://www.gao.gov/products/GAO-07-88
https://www.theguardian.com/environment/2016/mar/23/native-american-tribes-first-nations-climate-change-environment-indican-removal-act
https://www.theguardian.com/environment/2016/mar/23/native-american-tribes-first-nations-climate-change-environment-indican-removal-act
https://www.theguardian.com/environment/2016/mar/23/native-american-tribes-first-nations-climate-change-environment-indican-removal-act
https://www.theguardian.com/environment/2016/mar/23/native-american-tribes-first-nations-climate-change-environment-indican-removal-act
https://www.hud.gov/sites/documents/NDRCGRANTPROF.PDF
https://www.hud.gov/sites/documents/NDRCGRANTPROF.PDF
http://dx.doi.org/10.1007/s10584-015-1328-z
http://dx.doi.org/10.1007/s10584-015-1328-z
http://www.adaptationclearinghouse.org/
http://www.adaptationclearinghouse.org/
http://kresge.org/sites/default/files/library/climate-adaptation-the-state-of-practice-in-us-communities-full-report.pdf
http://kresge.org/sites/default/files/library/climate-adaptation-the-state-of-practice-in-us-communities-full-report.pdf
http://kresge.org/sites/default/files/library/climate-adaptation-the-state-of-practice-in-us-communities-full-report.pdf
https://toolkit.climate.gov/
https://toolkit.climate.gov/
http://digitalcommons.lmu.edu/cate/vol10/iss2/6
http://digitalcommons.lmu.edu/cate/vol10/iss2/6
https://dornsife.usc.edu/uscseagrant/la-slr/
https://dornsife.usc.edu/uscseagrant/la-slr/


350 Fourth National Climate AssessmentU.S. Global Change Research Program 

8 | Coastal Effects - References

114. Finzi Hart, J.A., P.M. Grifman, S.C. Moser, A. Abeles, 
M.R. Myers, S.C. Schlosser, and J.A. Ekstrom, 2012: 
Rising to the Challenge: Results of the 2011 Coastal 
California Adaptation Needs Assessment. USCSG-
TR-01-2012. University of Southern California Sea 
Grant, 76 pp. http://ca-sgep.ucsd.edu/sites/ca-
sgep.ucsd.edu/files/advisors/mrmyers/files/
CCSurveyReportOnline.pdf

115. Gonzalez, R. and other contributors, 2017: 
Community-Driven Climate Resilience Planning: 
A Framework, Version 2.0. James, T. and J. Ross, 
Eds. National Association of Climate Resilience 
Planners, [CA?]. http://movementstrategy.org/b/
wp-content/uploads/2017/05/WEB-CD-CRP_
Updated-5.11.17.pdf

116. Maldonado, J.K., 2014: A multiple knowledge approach 
for adaptation to environmental change: Lessons 
learned from coastal Louisiana’s tribal communities. 
Journal of Political Ecology, 21 (1), 61-82. https://
journals.uair.arizona.edu/index.php/JPE/article/
view/21125

117. Atkinson, L.P., T. Ezer, and E. Smith, 2013: Sea level 
rise and flooding risk in Virginia. Sea Grant Law and 
Policy Journal, 5 (2), 3-14. http://nsglc.olemiss.edu/
sglpj/vol5no2/2-atkinson.pdf

118. Fears, D., 2012: “Built on sinking ground, Norfolk 
tries to hold back tide amid sea-level rise.” The 
Washington Post. https://www.washingtonpost.
com/national/health-science/built-on-sinking-
ground-norfolk-tries-to-hold-back-tide-amid-
sea-level-rise/2012/06/17/gJQADUsxjV_story.
html?utm_term=.79d2590234a6

119. SAGE, 2016: SAGE in action: Living shoreline project 
in the City of Norfolk. The SAGE Report, (June), 2-3. 
http://sagecoast.org/docs/newsletter/SAGE_
June2016.pdf

120. City of Norfolk, 2016: Norfolk Vision 2100. Norfolk, VA, 
50 pp. https://www.norfolk.gov/DocumentCenter/
View/27768

121. Norfolk 100RC Initiative, 2015: Norfolk: Resilience 
City. 100 Resilient Cities/The Rockefeller Foundation, 
Norfolk, VA. http://100resilientcities.org/strategies/
city/norfolk 

122. Connolly, M., 2015: Hampton Roads, Virginia and 
the military’s battle against sea level rise. [Center 
for Climate and Security] Briefer, 27, 8. https://
climateandsecurity.files.wordpress.com/2015/10/
hampton-roads-virginia-and-military-battle-
against-sea-level-rise.pdf

123. Union of Concerned Scientists, 2016: The US Military 
on the Front Lines of Rising Seas Union of Concerned 
Scientists, Cambridge, MA, 8 pp. https://www.
ucsusa.org/sites/default/files/attach/2016/07/
front-lines-of-rising-seas-naval-station-norfolk.pdf

124. Vergakis, B., 2016: “Navy plans to identify threat of 
sea level rise in Hampton Roads and how flooding 
affects areas around a base.” The Virginian-Pilot, 
October 8, 2016. https://pilotonline.com/news/
military/local/navy-plans-to-identify-threat-of-
sea-level-rise-in/article_263e4a69-9ca3-59ad-
a330-539aeb1e0d65.html

125. Abel, D., 2017: “Northeast warming more rapidly than 
most of US.” Boston Globe. http://www.bostonglobe.
c o m /m e t r o/ 2 0 1 7/ 0 1 / 1 2 /n o r t h e a s t - w i l l -
experience-faster-warming-from-climate-change-
new-study-finds/nitce6eK8zqQN2LXZXgvwK/
story.html?s_campaign=bdc:article:stub

126. Dahl, K.A., M.F. Fitzpatrick, and E. Spanger-Siegfried, 
2017: Sea level rise drives increased tidal flooding 
frequency at tide gauges along the U.S. East and Gulf 
Coasts: Projections for 2030 and 2045. PLOS ONE, 
12 (2), e0170949. http://dx.doi.org/10.1371/journal.
pone.0170949

127. Wallman, B., 2017: “South Florida continues prep 
for sea level rise.” Sun Sentinel, February 24, 2017. 
http://www.sun-sentinel.com/local/broward/
broward-politics-blog/f l-reg-climate-change-
sofla-20170221-story.html

128. Sweet, W.V. and J.J. Marra, 2016: 2015 State of U.S. 
Nuisance Tidal Flooding. Supplement to State of the 
Climate: National Overview for May 2016. National 
Oceanic and Atmospheric Administration, National 
Centers for Environmental Information, 5 pp. 
http://www.ncdc.noaa.gov/monitoring-content/
sotc/national/2016/may/sweet-marra-nuisance-
flooding-2015.pdf

129. Church, J.A. and N.J. White, 2011: Sea-level rise 
from the late 19th to the early 21st century. Surveys 
in Geophysics, 32 (4-5), 585-602. http://dx.doi.
org/10.1007/s10712-011-9119-1

http://ca-sgep.ucsd.edu/sites/ca-sgep.ucsd.edu/files/advisors/mrmyers/files/CCSurveyReportOnline.pdf
http://ca-sgep.ucsd.edu/sites/ca-sgep.ucsd.edu/files/advisors/mrmyers/files/CCSurveyReportOnline.pdf
http://ca-sgep.ucsd.edu/sites/ca-sgep.ucsd.edu/files/advisors/mrmyers/files/CCSurveyReportOnline.pdf
http://movementstrategy.org/b/wp-content/uploads/2017/05/WEB-CD-CRP_Updated-5.11.17.pdf
http://movementstrategy.org/b/wp-content/uploads/2017/05/WEB-CD-CRP_Updated-5.11.17.pdf
http://movementstrategy.org/b/wp-content/uploads/2017/05/WEB-CD-CRP_Updated-5.11.17.pdf
https://journals.uair.arizona.edu/index.php/JPE/article/view/21125
https://journals.uair.arizona.edu/index.php/JPE/article/view/21125
https://journals.uair.arizona.edu/index.php/JPE/article/view/21125
http://nsglc.olemiss.edu/sglpj/vol5no2/2-atkinson.pdf
http://nsglc.olemiss.edu/sglpj/vol5no2/2-atkinson.pdf
https://www.washingtonpost.com/national/health-science/built-on-sinking-ground-norfolk-tries-to-hold-back-tide-amid-sea-level-rise/2012/06/17/gJQADUsxjV_story.html?utm_term=.79d2590234a6
https://www.washingtonpost.com/national/health-science/built-on-sinking-ground-norfolk-tries-to-hold-back-tide-amid-sea-level-rise/2012/06/17/gJQADUsxjV_story.html?utm_term=.79d2590234a6
https://www.washingtonpost.com/national/health-science/built-on-sinking-ground-norfolk-tries-to-hold-back-tide-amid-sea-level-rise/2012/06/17/gJQADUsxjV_story.html?utm_term=.79d2590234a6
https://www.washingtonpost.com/national/health-science/built-on-sinking-ground-norfolk-tries-to-hold-back-tide-amid-sea-level-rise/2012/06/17/gJQADUsxjV_story.html?utm_term=.79d2590234a6
https://www.washingtonpost.com/national/health-science/built-on-sinking-ground-norfolk-tries-to-hold-back-tide-amid-sea-level-rise/2012/06/17/gJQADUsxjV_story.html?utm_term=.79d2590234a6
http://sagecoast.org/docs/newsletter/SAGE_June2016.pdf
http://sagecoast.org/docs/newsletter/SAGE_June2016.pdf
https://www.norfolk.gov/DocumentCenter/View/27768
https://www.norfolk.gov/DocumentCenter/View/27768
http://resilientcities.org/strategies/city/norfolk
http://resilientcities.org/strategies/city/norfolk
https://climateandsecurity.files.wordpress.com/2015/10/hampton-roads-virginia-and-military-battle-against-sea-level-rise.pdf
https://climateandsecurity.files.wordpress.com/2015/10/hampton-roads-virginia-and-military-battle-against-sea-level-rise.pdf
https://climateandsecurity.files.wordpress.com/2015/10/hampton-roads-virginia-and-military-battle-against-sea-level-rise.pdf
https://climateandsecurity.files.wordpress.com/2015/10/hampton-roads-virginia-and-military-battle-against-sea-level-rise.pdf
https://www.ucsusa.org/sites/default/files/attach/2016/07/front-lines-of-rising-seas-naval-station-norfolk.pdf
https://www.ucsusa.org/sites/default/files/attach/2016/07/front-lines-of-rising-seas-naval-station-norfolk.pdf
https://www.ucsusa.org/sites/default/files/attach/2016/07/front-lines-of-rising-seas-naval-station-norfolk.pdf
https://pilotonline.com/news/military/local/navy-plans-to-identify-threat-of-sea-level-rise-in/article_263e4a69-9ca3-59ad-a330-539aeb1e0d65.html
https://pilotonline.com/news/military/local/navy-plans-to-identify-threat-of-sea-level-rise-in/article_263e4a69-9ca3-59ad-a330-539aeb1e0d65.html
https://pilotonline.com/news/military/local/navy-plans-to-identify-threat-of-sea-level-rise-in/article_263e4a69-9ca3-59ad-a330-539aeb1e0d65.html
https://pilotonline.com/news/military/local/navy-plans-to-identify-threat-of-sea-level-rise-in/article_263e4a69-9ca3-59ad-a330-539aeb1e0d65.html
http://www.bostonglobe.com/metro/2017/01/12/northeast-will-experience-faster-warming-from-climate-change-new-study-finds/nitce6eK8zqQN2LXZXgvwK/story.html?s_campaign=bdc
http://www.bostonglobe.com/metro/2017/01/12/northeast-will-experience-faster-warming-from-climate-change-new-study-finds/nitce6eK8zqQN2LXZXgvwK/story.html?s_campaign=bdc
http://www.bostonglobe.com/metro/2017/01/12/northeast-will-experience-faster-warming-from-climate-change-new-study-finds/nitce6eK8zqQN2LXZXgvwK/story.html?s_campaign=bdc
http://www.bostonglobe.com/metro/2017/01/12/northeast-will-experience-faster-warming-from-climate-change-new-study-finds/nitce6eK8zqQN2LXZXgvwK/story.html?s_campaign=bdc
http://www.bostonglobe.com/metro/2017/01/12/northeast-will-experience-faster-warming-from-climate-change-new-study-finds/nitce6eK8zqQN2LXZXgvwK/story.html?s_campaign=bdc
http://dx.doi.org/10.1371/journal.pone.0170949
http://dx.doi.org/10.1371/journal.pone.0170949
http://www.sun-sentinel.com/local/broward/broward-politics-blog/fl-reg-climate-change-sofla-20170221-story.html
http://www.sun-sentinel.com/local/broward/broward-politics-blog/fl-reg-climate-change-sofla-20170221-story.html
http://www.sun-sentinel.com/local/broward/broward-politics-blog/fl-reg-climate-change-sofla-20170221-story.html
http://www.ncdc.noaa.gov/monitoring-content/sotc/national/2016/may/sweet-marra-nuisance-flooding-2015.pdf
http://www.ncdc.noaa.gov/monitoring-content/sotc/national/2016/may/sweet-marra-nuisance-flooding-2015.pdf
http://www.ncdc.noaa.gov/monitoring-content/sotc/national/2016/may/sweet-marra-nuisance-flooding-2015.pdf
http://dx.doi.org/10.1007/s10712-011-9119-1
http://dx.doi.org/10.1007/s10712-011-9119-1


351 Fourth National Climate AssessmentU.S. Global Change Research Program 

8 | Coastal Effects - References

130. Kopp, R.E., A.C. Kemp, K. Bittermann, B.P. Horton, 
J.P. Donnelly, W.R. Gehrels, C.C. Hay, J.X. Mitrovica, 
E.D. Morrow, and S. Rahmstorf, 2016: Temperature-
driven global sea-level variability in the Common Era. 
Proceedings of the National Academy of Sciences of the 
United States of America, 113 (11), E1434-E1441. http://
dx.doi.org/10.1073/pnas.1517056113

131. NOAA, 2017: Sea Level Rise Viewer [web tool]. NOAA 
Office of Coastal Management, Silver Spring, MD. 
https://coast.noaa.gov/digitalcoast/tools/slr

132. U.S. Geological Survey, 2018: Coastal Storm Modeling 
System (CoSMoS) [web tool]. USGS Pacific Coastal 
and Marine Science Center, Santa Cruz, CA. https://
walrus.wr.usgs.gov/coastal_processes/cosmos/

133. Allison, M., 2016: The Effect of Rising Sea Levels 
on Coastal Homes, Zillow Porchlight. Zillow, 
Seatt le ,  WA.  https://w w w.zi l low.com/blog/
rising-sea-levels-coastal-homes-202268/

134. EPA, 2015: Climate Change in the United States: 
Benefits of Global Action. EPA 430-R-15-001. U.S. 
Environmental Protection Agency (EPA), Office of 
Atmospheric Programs, Washington, DC, 93 pp. 
https://www.epa.gov/cira/downloads-cira-report

135. Rao, K., 2017: Climate change and housing: Will a 
rising tide sink all homes? Zillow Research,  June 
2. Zillow. https://www.zillow.com/research/
climate-change-underwater-homes-12890/

136. Bretz, L., 2017: Climate change and homes: Who would 
lose the most to a rising tide? Zillow Research,  October 
18. Zillow. https://www.zillow.com/research/
climate-change-underwater-homes-2-16928/

137. Kousky, C., 2017: Financing Flood Losses: A 
Discussion of the National Flood Insurance Program. 
Resources for the Future Discussion Paper 17-
03. 30 pp. https://papers.ssrn.com/sol3/papers.
cfm?abstract_id=2947917

138. ASFPM, 2017: [web site]. Association of State 
Floodplain Managers (ASFPM), Madison, WI. http://
www.floods.org/

139. FEMA, 2017: Flood Insurance Reform—The Law. U.S. 
Department of Homeland Security, Washington, DC. 
https://www.fema.gov/flood-insurance-reform-law

140. FEMA, 2017: Homeowner Flood Insurance 
Affordability Act. U.S. Department of Homeland 
Security, Washington, DC. https://www.fema.gov/
media-library/assets/documents/93074

141. Multihazard Mitigation Council, 2017: Natural 
Hazard Mitigation Saves: 2017 Interim Report—An 
Independent Study. National Institute of Building 
Sciences, Washington, DC, 340 pp. http://www.wbdg.
org/files/pdfs/MS2_2017Interim%20Report.pdf

142. Melillo, J.M., T.C. Richmond, and G.W. Yohe, Eds., 
2014: Climate Change Impacts in the United States: 
The Third National Climate Assessment. U.S. Global 
Change Research Program, Washington, DC, 841 pp. 
http://dx.doi.org/10.7930/J0Z31WJ2

143. Moftakhari, H.R., A. AghaKouchak, B.F. Sanders, and 
R.A. Matthew, 2017: Cumulative hazard: The case 
of nuisance flooding. Earth’s Future, 5 (2), 214-223. 
http://dx.doi.org/10.1002/2016EF000494

144. NOAA, 2017: Economics: National Ocean Watch 
[data]. NOAA Office of Coastal Management, Silver 
Spring, MD. https://coast.noaa.gov/digitalcoast/
data/enow.html

145. Barbier, E.B., 2014: A global strategy for protecting 
vulnerable coastal populations. Science, 345 (6202), 
1250-1251. http://dx.doi.org/10.1126/science.1254629

146. GI Team, 2013: Case for Green Infrastructure: 
Joint-Industry White Paper. Nature Conservancy 
for the Green Infrastructure (GI) Team, Arlington, 
VA, 9 pp. https://www.nature.org/content/dam/
tnc/nature/en/documents/the-case-for-green-
infrastructure.pdf

147. Sandifer, P.A., A.E. Sutton-Grier, and B.P. Ward, 2015: 
Exploring connections among nature, biodiversity, 
ecosystem services, and human health and well-
being: Opportunities to enhance health and 
biodiversity conservation. Ecosystem Services, 12, 
1-15. http://dx.doi.org/10.1016/j.ecoser.2014.12.007

148. Scavia, D., J.C. Field, D.F. Boesch, R.W. Buddemeier, 
V. Burkett, D.R. Cayan, M. Fogarty, M.A. Harwell, 
R.W. Howarth, C. Mason, D.J. Reed, T.C. Royer, A.H. 
Sallenger, and J.G. Titus, 2002: Climate change 
impacts on U.S. coastal and marine ecosystems. 
Estuaries, 25 (2), 149-164. http://dx.doi.org/10.1007/
BF02691304

149. Hoegh-Guldberg, O., P.J. Mumby, A.J. Hooten, R.S. 
Steneck, P. Greenfield, E. Gomez, C.D. Harvell, P.F. 
Sale, A.J. Edwards, K. Caldeira, N. Knowlton, C.M. 
Eakin, R. Iglesias-Prieto, N. Muthiga, R.H. Bradbury, 
A. Dubi, and M.E. Hatziolos, 2007: Coral reefs under 
rapid climate change and ocean acidification. Science, 
318 (5857), 1737-1742. http://dx.doi.org/10.1126/
science.1152509

http://dx.doi.org/10.1073/pnas.1517056113
http://dx.doi.org/10.1073/pnas.1517056113
https://coast.noaa.gov/digitalcoast/tools/slr
https://walrus.wr.usgs.gov/coastal_processes/cosmos/
https://walrus.wr.usgs.gov/coastal_processes/cosmos/
https://www.zillow.com/blog/rising-sea-levels-coastal-homes-202268/
https://www.zillow.com/blog/rising-sea-levels-coastal-homes-202268/
https://www.epa.gov/cira/downloads-cira-report
https://www.zillow.com/research/climate-change-underwater-homes-12890/
https://www.zillow.com/research/climate-change-underwater-homes-12890/
https://www.zillow.com/research/climate-change-underwater-homes-2-16928/
https://www.zillow.com/research/climate-change-underwater-homes-2-16928/
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2947917
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2947917
http://www.floods.org/
http://www.floods.org/
https://www.fema.gov/flood-insurance-reform-law
https://www.fema.gov/media-library/assets/documents/93074
https://www.fema.gov/media-library/assets/documents/93074
http://www.wbdg.org/files/pdfs/MS2_2017Interim%20Report.pdf
http://www.wbdg.org/files/pdfs/MS2_2017Interim%20Report.pdf
http://dx.doi.org/10.7930/J0Z31WJ2
http://dx.doi.org/10.1002/2016EF000494
https://coast.noaa.gov/digitalcoast/data/enow.html
https://coast.noaa.gov/digitalcoast/data/enow.html
http://dx.doi.org/10.1126/science.1254629
https://www.nature.org/content/dam/tnc/nature/en/documents/the-case-for-green-infrastructure.pdf
https://www.nature.org/content/dam/tnc/nature/en/documents/the-case-for-green-infrastructure.pdf
https://www.nature.org/content/dam/tnc/nature/en/documents/the-case-for-green-infrastructure.pdf
http://dx.doi.org/10.1016/j.ecoser.2014.12.007
http://dx.doi.org/10.1007/BF02691304
http://dx.doi.org/10.1007/BF02691304
http://dx.doi.org/10.1126/science.1152509
http://dx.doi.org/10.1126/science.1152509


352 Fourth National Climate AssessmentU.S. Global Change Research Program 

8 | Coastal Effects - References

150. Hoegh-Guldberg, O. and J.F. Bruno, 2010: The impact 
of climate change on the world’s marine ecosystems. 
Science, 328 (5985), 1523-1528. http://dx.doi.
org/10.1126/science.1189930

151. Nicholls, R.J., 2004: Coastal flooding and wetland loss 
in the 21st century: Changes under the SRES climate 
and socio-economic scenarios. Global Environmental 
Change, 14 (1), 69-86. http://dx.doi.org/10.1016/j.
gloenvcha.2003.10.007

152. Alongi, D.M., 2008: Mangrove forests: Resilience, 
protection from tsunamis, and responses to 
global climate change. Estuarine, Coastal and Shelf 
Science, 76 (1), 1-13. http://dx.doi.org/10.1016/j.
ecss.2007.08.024

153. Harley, C.D.G., A. Randall Hughes, K.M. Hultgren, 
B.G. Miner, C.J.B. Sorte, C.S. Thornber, L.F. 
Rodriguez, L. Tomanek, and S.L. Williams, 2006: 
The impacts of climate change in coastal marine 
systems. Ecology Letters, 9 (2), 228-241. http://dx.doi.
org/10.1111/j.1461-0248.2005.00871.x

154. Sandifer, P.A. and A.E. Sutton-Grier, 2014: Connecting 
stressors, ocean ecosystem services, and human 
health. Natural Resources Forum, 38 (3), 157-167. 
http://dx.doi.org/10.1111/1477-8947.12047

155. Rebuild by Design, 2017: [web site]. 100 Resilient 
Cities. http://www.rebuildbydesign.org/

156. NOAA Living Shorelines Workgroup, 2015: 
Guidance for Considering the Use of Living 
Shorelines. National Oceanic and Atmospheric 
Administration (NOAA) Silver Spring, MD, 35 pp. 
https://www.habitatblueprint.noaa.gov/wp-
content/uploads/2018/01/NOAA-Guidance-for-
Considering-the-Use-of-Living-Shorelines_2015.pdf

157. Saleh, F. and M.P. Weinstein, 2016: The role of 
nature-based infrastructure (NBI) in coastal 
resiliency planning: A literature review. Journal of 
Environmental Management, 183, 1088-1098. http://
dx.doi.org/10.1016/j.jenvman.2016.09.077

158. Liu, H., J.G. Behr, and R. Diaz, 2016: Population 
vulnerability to storm surge flooding in coastal 
Virginia, USA. Integrated Environmental Assessment 
and Management, 12 (3), 500-509. http://dx.doi.
org/10.1002/ieam.1705

159. Himes-Cornell, A. and S. Kasperski, 2015: Assessing 
climate change vulnerability in Alaska’s fishing 
communities. Fisheries Research, 162, 1-11. http://
dx.doi.org/10.1016/j.fishres.2014.09.010

160. Bjarnadottir, S., Y. Li, and M.G. Stewart, 2011: Social 
vulnerability index for coastal communities at risk 
to hurricane hazard and a changing climate. Natural 
Hazards, 59 (2), 1055-1075. http://dx.doi.org/10.1007/
s11069-011-9817-5

161. Thatcher, C.A., J.C. Brock, and E.A. Pendleton, 2013: 
Economic vulnerability to sea-level rise along the 
northern U.S. Gulf Coast. Journal of Coastal Research, 
234-243. http://dx.doi.org/10.2112/si63-017.1

162. Digital Coast, 2018: Coastal Flood Exposure Mapper. 
NOAA Office for Coastal Management, Silver Spring, 
MD. https://www.coast.noaa.gov/digitalcoast/
tools/flood-exposure.html

163. EPA, 2018: EJSCREEN: Environmental Justice 
Screening and Mapping Tool [web tool]. U.S. 
Environmental Protection Agency, Washington, DC. 
https://www.epa.gov/ejscreen

164. Paolisso, M., E. Douglas, A. Enrici, P. Kirshen, C. 
Watson, and M. Ruth, 2012: Climate change, justice, 
and adaptation among African American communities 
in the Chesapeake Bay region. Weather, Climate, 
and Society, 4 (1), 34-47. http://dx.doi.org/10.1175/
wcas-d-11-00039.1

http://dx.doi.org/10.1126/science.1189930
http://dx.doi.org/10.1126/science.1189930
http://dx.doi.org/10.1016/j.gloenvcha.2003.10.007
http://dx.doi.org/10.1016/j.gloenvcha.2003.10.007
http://dx.doi.org/10.1016/j.ecss.2007.08.024
http://dx.doi.org/10.1016/j.ecss.2007.08.024
http://dx.doi.org/10.1111/j.1461-0248.2005.00871.x
http://dx.doi.org/10.1111/j.1461-0248.2005.00871.x
http://dx.doi.org/10.1111/1477-8947.12047
http://www.rebuildbydesign.org/
https://www.habitatblueprint.noaa.gov/wp-content/uploads/2018/01/NOAA-Guidance-for-Considering-the-Use-of-Living-Shorelines_2015.pdf
https://www.habitatblueprint.noaa.gov/wp-content/uploads/2018/01/NOAA-Guidance-for-Considering-the-Use-of-Living-Shorelines_2015.pdf
https://www.habitatblueprint.noaa.gov/wp-content/uploads/2018/01/NOAA-Guidance-for-Considering-the-Use-of-Living-Shorelines_2015.pdf
http://dx.doi.org/10.1016/j.jenvman.2016.09.077
http://dx.doi.org/10.1016/j.jenvman.2016.09.077
http://dx.doi.org/10.1002/ieam.1705
http://dx.doi.org/10.1002/ieam.1705
http://dx.doi.org/10.1016/j.fishres.2014.09.010
http://dx.doi.org/10.1016/j.fishres.2014.09.010
http://dx.doi.org/10.1007/s11069-011-9817-5
http://dx.doi.org/10.1007/s11069-011-9817-5
http://dx.doi.org/10.2112/si63-017.1
https://www.coast.noaa.gov/digitalcoast/tools/flood-exposure.html
https://www.coast.noaa.gov/digitalcoast/tools/flood-exposure.html
https://www.epa.gov/ejscreen
http://dx.doi.org/10.1175/wcas-d-11-00039.1
http://dx.doi.org/10.1175/wcas-d-11-00039.1



