When Rising Seas
Hit Home

Hard Choices Ahead for Hundreds of
US Coastal Communities
Erika Spanger-Siegfried
Kristina Dahl
Astrid Caldas
Shana Udvardy
Rachel Cleetus
Pamela Worth
Nicole Hernandez Hammer
July 2017

© 2017 Union of Concerned Scientists
All Rights Reserved
Erika Spanger-Siegfried, co-lead author and project manager, is
a senior analyst in the Climate and Energy Program at the Union
of Concerned Scientists (UCS). She designs and manages analytical projects that shed light on local climate impacts, adaptation
options, and the urgency of action.

The Union of Concerned Scientists puts rigorous, independent
science to work to solve our planet’s most pressing problems.
Joining with citizens across the country, we combine technical
analysis and effective advocacy to create innovative, practical
solutions for a healthy, safe, and sustainable future.

Kristina Dahl, co-lead author and lead scientist, is an independent climate scientist and long-term consultant to the program.
Her research, analysis, and communication services aim to make
the impacts of climate change on our environment and society
more tangible to the public and policy makers. Her recent work
has focused on coastal flooding and its impacts on communities.

More information about UCS and the Climate and Energy Program is available on the UCS website: www.ucsusa.org

Astrid Caldas, project scientist, is a senior climate scientist with
the program. Her research focuses on climate change adaptation
with practical policy implications for ecosystems, the economy,
and society. She also works on policy related to climate change,
natural resources management, socio-environmental synthesis,
and climate communication.
Shana Udvardy, project manager, is a climate preparedness specialist with the program. She conducts research and policy analysis to help inform and build support to increase resilience to
climate change impacts.
Rachel Cleetus is the lead economist and climate policy manager
with the program. She works on global warming and clean energy
policies and analyzes the costs of climate impacts.
Pamela Worth is a staff writer in the UCS communications
department.
Nicole Hernandez Hammer is a climate science and community
advocate with the program. She works to address the disproportionate impacts of climate change on low-income and communities of color.

ii

union of concerned scientists

This report is available online (in PDF format) at www.ucsusa.org/
RisingSeasHitHome
Designed by: Tyler Kemp-Benedict
Cover photo: Ron Sher

With increasingly frequent sunny-day floods, driven only by high tides and sea
level rise, land that we have long considered part of our communities can be
claimed by the sea. Pictured here is an extreme tide in Seabrook, NH, 2014.

Printed on recycled paper.

[ Contents ]

v

Figures, Table, and Boxes

vi

About the Project Team

vi

Dedication

vii

Acknowledgments

1

Executive Summary

		 Chapter 1
4

Introduction

		 Chapter 2
6

Identifying When and Where Rising Seas Hit Home

6

What Do We Mean by Chronic Inundation?

8

How Sea Level Rise Drives Chronic Inundation

9

How Much Sea Level Rise and How Fast?

11

Sea Level Rise and Chronic Inundation Meet Social Inequities

		 Chapter 3
13

Chronic Inundation Today

13

Today’s Chronically Inundated Places:
Where Sinking Land Meets Rising Seas

13

Realities and Responses of Chronically Inundated Communities

15

A Wide Range in What Communities Will Tolerate

		 Chapter 4
16

Chronic Inundation to Come:
When and Where?

16

The Next Communities to Face Chronic Inundation

20

Midcentury Inundation Hotspots

25

2100: Inundation Nation

When Rising Seas Hit Home

iii

		 Chapter 4 (continued)
29

Chronic Inundation Creates Hard Choices

32

The Best Chance to “Spare” Many Coastal Communities

		 Chapter 5

iv

union of concerned scientists

35

Chronic Inundation Response Time:
How to Use It Wisely

35

Using Response Time Wisely: What Not to Do

36

Using Response Time Wisely: Meeting Hard Choices Head-On

42

Rising to the Challenge Together

43

Key Terms

44

References

[ figures, table, and boxes ]

		Figures
8

Figure 1. How Sea Level Rise Causes Chronic Inundation

9

Figure 2. Expanding the Chronic Inundation Zone

11

Figure 3. Projected Twenty-First-Century Sea Level Rise

18

Figure 4. Chronically Inundated Communities in 2035, Intermediate Scenario

19

Figure 5. Chronic Inundation in Crisfield, Maryland

21

Figure 6. Chronically Inundated Communities in 2060

22

Figure 7. Extent of Chronic Inundation in Communities, 2060,
Intermediate Scenario

23

Figure 8. Increasing Extent of Chronic Inundation

24

Figure 9. Chronic Inundation in Sanibel and Captiva Islands, Florida

26

Figure 10. Chronically Inundated Communities in 2100

28

Figure 11. Populous Communities Face Chronic Inundation

30

Figure 12. Chronic Inundation in Long Island Will Approach Hurricane Sandy
Flood Extent

33

Figure 13. Aggressive Emissions Reductions Spare Hundreds of Communities
from Chronic Inundation

38

Figure 14. Aligning Actions with Chronic Inundation Response Time

		Table
17

As Sea Level Rises, the Number of Communities Facing Chronic Inundation
Grows

		Boxes
10

Box 1. What about Wetlands and Levees?

19

Box 2. Chronic Inundation Snapshot: Crisfield, Maryland

24

Box 3. Chronic Inundation Snapshot: Sanibel and Captiva Islands, Florida

27

Box 4. Chronic Inundation Snapshot: Great US Cities

36

Box 5. Response Types: Defend, Accommodate, Retreat

40

Box 6. Policy Responses to the Threat of Chronic Inundation

When Rising Seas Hit Home

v

[ About the Project Team ]

AUTHORS

Erika Spanger-Siegfried
Kristina Dahl
Astrid Caldas
Shana Udvardy
Rachel Cleetus
Pamela Worth
Nicole Hernandez Hammer
FULL TEAM

Project management: Erika Spanger-Siegfried and Shana Udvardy
Leadership: Angela Anderson, Brenda Ekwurzel, Adam Markham
Additional review: Kate Cell, Todd Wolf, Matt Heid, Lisa Nurnberger, Jean Sideris,
Ashley Siefert, Kathy Rest, Jamesine Rogers Gibson
Case study development: Derrick Jackson, Damien Jones, Nicole Hernandez
Hammer
Writing and editorial support: Pamela Worth, Leslie Brunetta, Seth Shulman
Production: Cynthia DeRocco, Bryan Wadsworth, Dora Chi
Design: Tyler Kemp-Benedict

[ Dedication ]

We dedicate this report to the late Margaret Davidson. As a NOAA administrator
for more than two decades, her vision and passion helped to make possible the
coastal tools, data, and expertise that our work relies on. Perhaps even more than
her brilliant professional legacy, her generous, humorous humanity touched and
inspired us deeply, and will long remind us how to do this work well.

vi

union of concerned scientists

[ Acknowledgments ]

This report was made possible by the generous support of the Barr Foundation,
the Energy Foundation, the Common Sense Fund, and members of the Union of
Concerned Scientists.
The project team would like to acknowledge the essential assistance received
in the development of this report.
For her insight, advice, and support throughout this project, we extend our
gratitude to Brenda Ekwurzel, director of climate science and senior scientist with
the UCS Climate and Energy Program.
For invaluable technical guidance and input during the analytical process,
we are indebted to several advisers from the National Oceanic and Atmospheric
Administration: Doug Marcy and Billy Brooks (NOAA Office for Coastal
Management); Matt Pendleton (The Baldwin Group for NOAA’s Office for Coastal
Management); and Billy Sweet (NOAA CO-OPS), who provided DEM data and
essential methodological input. Paul Kirshen and Ellen Douglas (University of
Massachusetts, Boston) also provided valuable guidance and reviews. Jeremy
Martinich, Lindsay Ludwig, and Stefani Penn (EPA) provided US Census tract-level
SoVI data, and Susan Cutter (University of South Carolina) provided key advice
about the development and use of SoVI.
We are grateful to the following individuals for their thoughtful comments
on review drafts of this report: Doug Marcy, Matt Pendleton, Ben Strauss (Climate
Central), Paul Kirshen, Ellen Douglas, and Julie Wormser (Boston Harbor Now).
The following people provided indispensable perspective on the locationspecific information included in this report: Garrow Alberson (City of Brunswick,
GA); Mart Black (Terrebonne Parish, LA); Lisa Craig (City of Annapolis, MD);
Donald and Theresa Dardar (Terrebonne Parish, LA); Katie DeHart (member of
Isle de Jean Charles Band of Biloxi-Chitimacha-Choctaw Indian Tribe, Terrebonne
Parish, LA); Rhonda Haag (Monroe County, FL); Jerry Hardison (Hyde County, NC);
Hernan Lopez (Bergen County, NJ); Dan Mundy, Sr. (Jamaica Bay Ecowatchers,
Broad Channel, NY); Tim Osborn (NOAA Office of Coast Survey, Lafayette, LA)
Matt Pendleton (NOAA Coastal Services Center, Charleston, SC); Kristina Peterson
(Lowlander Center, Gray, LA); Christopher Ridings (Borough of West Wildwood,
NJ); Louisette Leonard Scott (City of Mandeville, LA); Roderick Scott (L&R
Resources, Mandeville, LA); Michael Shannon (Galveston County, TX); Carmalita
Sylve (member of the Grand Bayou Indian Tribe, Plaquemines Parish, LA); and Paul
Wolff (former city council member, Tybee Island, GA).
Lastly, we thank Susanne Moser of Susanne Moser Research & Consulting
for her inspiration. At a meeting in 2016, Susi implored assembled experts: “If you
want to do anything useful for coastal communities, tell them how much time they
have to act.” With this report, we have tried to do just that.
The opinions expressed herein do not necessarily reflect those of the organizations that funded the work or the individuals who reviewed it. The Union of
Concerned Scientists bears sole responsibility for the report’s content.

When Rising Seas Hit Home

vii

viii

union of concerned scientists

[ executive summary ]

Climate change often seems a distant threat. It is
difficult to picture how it will affect and alter
our lives.
We can imagine hurricanes and neighborhoods underwater, as
after levees failed in New Orleans, Louisiana, during Hurricane
Katrina. But many important consequences of climate change
are more subtle and slower moving than disasters.
One such consequence is sea level rise. Unlike the catastrophic flooding that can accompany hurricanes, sea level
rise impacts can take time to manifest.
The final result, late this century and beyond, may be
neighborhoods underwater. But in the decades before that
happens, sea level rise steadily encroaches on land. It causes
“sunny day” tidal flooding that reaches far beyond the areas
where people living in exposed coastal cities and towns have
seen such flooding. These communities can cope with the
water at first. But there comes a threshold of sea level rise–
induced flooding that makes normal routines impossible and
drives hard choices.
Americans in some communities already know what it
feels like for the slow creep of sea level rise to intrude in some
way on their daily lives, flooding their neighborhood or place
of work, rerouting their commute, driving down the value of
their home. In the decades ahead, though, many more of us
will experience these changes.
In the following analysis, the Union of Concerned
Scientists (UCS) defines a threshold for sea level rise–induced
flooding that can disrupt people’s routines, livelihoods,
homes, and communities. UCS defines flooding that occurs
26 times per year (on average, once every other week) or
1

There comes a threshold
of sea level rise-induced
flooding that makes
normal routines impossible
and drives hard choices.
more as “chronic inundation.” UCS deems as “chronically
inundated” any coastal community that experiences this
frequency of flooding over 10 percent or more of its land area,
excluding wetlands and areas protected by federal levees.
To understand how US coastal communities will be
affected by chronic inundation due to sea level rise, UCS
explored these main questions:1
•

Which East, Gulf, and West Coast communities will
become chronically inundated this century and when?
Or, put differently, how much time do communities have
to respond to this threat?

•

How will the size of chronically inundated areas grow
over time?

•

How does the pace of sea level rise affect the number of
chronically inundated communities and the time they
have to respond?

For a detailed methodology, see: www.ucsusa.org/RisingSeasHitHome.

In some of the nation’s lowest-lying locations, like the islands and shores of Chesapeake Bay, rising seas, sinking land, and erosion are driving land loss and substantial
changes. Here, a king tide encroaches on homeowners’ land on Hooper’s Island, MD, in 2009.
Photo: David Harp
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Today, high tide flooding is shifting from a nuisance to a costly, disruptive problem in locations like Miami Beach, pictured here in 2015. Though the flooding has not
reached our threshold of chronic inundation, major investments are underway in Miami Beach to address it nonetheless. Around the US coast, as this flooding approaches chronic levels—regularly preventing people from leaving their houses without wading through saltwater, driving their cars without incurring saltwater damage, getting safely to and from school, work, appointments and errands—people will be forced to ask how long they can live with it.

•

How many of these chronically inundated locations are
large population centers and/or home to socioeconomically vulnerable communities?

•

How can decisionmakers from household to federal levels
best prepare in the time that they have?

•

Within 45 years, by 2060, more than 270 coastal US communities—including many that seldom or never experience tidal flooding today—will be chronically inundated,
given moderate sea level rise.

•

By the end of the century, given moderate sea level rise,
nearly 490 communities—including 40 percent of all East
and Gulf Coast oceanfront communities—will be chronically inundated.

•

Given more rapid sea level rise, nearly 670 coastal US
communities will face chronic inundation by the end of
the century. This number includes nearly 60 percent of
East and Gulf Coast oceanfront communities as well as a
small but growing number of West Coast communities.

•

Given that same rapid rate of sea level rise, more than 50
heavily populated areas—including Oakland, California;

UCS found that, in the absence of preventative measures,
Americans can expect the following:
•

2

2

Within 20 years, by 2035, nearly 170 coastal US communities 2—roughly twice as many as today—will reach
or exceed the threshold for chronic inundation, given
moderate sea level rise. Seventy percent of these will be
in Louisiana and Maryland, where land subsidence is
contributing to rapid rates of sea level rise. More than
half of these 170 communities are currently home to
socioeconomically vulnerable neighborhoods.

In this analysis, “community” refers to a US Census Bureau–designated county subdivision. These are typically distinguishable cities and towns both large and
small, such as Boston, Manhattan, Kiawah Island, and Key West.
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[ chapter 1 ]

Introduction
How many times each year would you be able to tolerate
flooding that overwhelmed your neighborhood?
If saltwater regularly soaked your basement or first floor,
kept you from getting to work, or damaged your car, how
often would it have to happen before you began to look for a

new place to call home? How long before you could no longer
insure or sell your home?
Gloria Tello is a stylist who does hair and makeup for
weddings. She rents space with other aestheticians in an office
building in the City of Coral Gables, Miami-Dade County,

Emily Michot/The Miami Herald via AP

Tidal flooding continues to disrupt normal life for many people in South Florida, as in September, 2015, in Miami Beach. Here, city workers enlist pumps to cope with
flooded streets. In some frequently flooded Florida neighborhoods, there is growing unease about how long they should remain in their homes.

4
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Florida, and she had planned to open her own studio there,
capitalizing on nearby bridal shops. But since learning about
the risk of heavy flooding over the next decades in the neighborhood, Tello is reconsidering.
“These are things you have to think about now, before
you invest your life savings into a business,” she says.
In South Beach, a few miles east, increasing floods are
hurting shops and stores, Tello knows. As a college student
working in a nightclub on the beach, she had to miss work
several times because her car could not navigate the water
rushing through the streets. She says some businesses have
piled up sandbags at their doors. “The water actually goes
into their stores,” she notes. “I don’t know how small business
owners can cope with it.”
Recurrent tidal flooding is one of the most obvious signs
of sea level rise, which in turn is one of the most tangible
consequences of global warming. As global temperature

increases, driven largely by emissions from burning fossil
fuels and other human activities, the increase causes ocean
water to expand and ice sheets to shrink, both resulting in
sea level rise.
Americans living on the East, Gulf, and West Coasts
will feel the effects of sea level rise decades before coastal
land is permanently underwater (Kulp and Strauss 2017).
The shorter-term consequences are more extensive, more
frequent, and, eventually, chronic inundation, which will
dramatically alter the landscape and the livability of many
coastal communities.3
This UCS analysis identifies hundreds of US communities
that face this chronic and disruptive inundation, which may
render affected areas—currently neighborhoods, commercial
districts, and industrial zones—unusable. The analysis also
identifies the “response time” remaining before such flooding
arrives and how to use this time wisely.

Chronic inundation will dramatically
alter the landscape and the livability of
many coastal communities.

3

“Chronic inundation” refers to tidal flooding that affects 10 percent or more of a community’s area at least 26 times per year (on average, twice per month).
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[ chapter 2 ]

Identifying When and Where
Rising Seas Hit Home
What Do We Mean by Chronic Inundation?
The tides rise and fall twice daily along the East and West
Coasts and once daily along the Gulf Coast, inundating and
then exposing an area known as the intertidal zone. But not all
tides are created equal. Twice a month (during new and full
moons), the Earth, sun, and moon align, which amplifies the
range of the tides. The combined gravitational pull of the sun
and moon during these times exerts a greater force on Earth’s
oceans, creating what are sometimes referred to as spring
tides—high tides that are higher than normal and low tides
that are lower. Several times a year, during a new or full moon
when the moon is closest to Earth, the range of the tides is
even greater, producing “king tides.” Unlike daily tides, these
types of extreme tides can reach beyond intertidal zones.
If you live in a coastal community, you know that the
intertidal zone is underwater once or twice daily. You might
enjoy building a sand castle in the intertidal zone, but you
would not build your house in it, or a road or other infrastructure. But what if high tide began reaching into a neighborhood
dozens of times a year, creating a chronic inundation zone.
Would you build your house there?
With rising sea levels riding atop normal variations in
tide height, high tide is now capable of flooding typically dry

6

land, and on an increasingly frequent basis.4 And as sea levels
rise further, the daily high tide line will continue to move into
new areas, shifting the intertidal zone farther inland. Many
decades before a community is underwater during high tide,
its land area may flood often enough to cause disruption and
losses for the community so significant that it would be considered chronically inundated.
•

This analysis defines a limited-use or chronic inundation
zone as any area where tidal flooding occurs 26 times
per year (on average, twice a month—although flooding
events tend to cluster, not to occur at neat intervals).5

•

UCS considers a community to be chronically inundated
when 10 percent or more of its usable, nonwetland
area floods at or more than that twice-monthly average
frequency.

This chronic inundation threshold is based on previously
published frequency thresholds (e.g., Sweet and Park 2014),
consultation with technical experts at universities and
federal agencies, and perspective gained from local experts
in communities currently experiencing a range of flooding
frequencies.6 However, it is important to keep in mind that
there is no “magic number” for the frequency or extent of
flooding that will drive a community to make hard choices.

4

Sea level rise will also increase the reach of storm surge, the potentially destructive rise in water level that occurs during hurricanes and other coastal storms such
as Nor’easters. This analysis does not evaluate changes in storm surge extent due to sea level rise.

5

This analysis uses historical tide gauge data to identify the water level threshold exceeded 26 times per year at each of 93 tide gauges along the US coastline. With
two high tides per day, tide gauges along the East and West Coasts could potentially record two exceedances of the threshold daily, though today flooding typically
occurs with the higher of the two tides. In contrast, water levels along the Gulf Coast, where there is typically just one high tide per day, have just one opportunity
to exceed the threshold each day.

6

See our complete methods here: www.ucsusa.org/RisingSeasHitHome.
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Marcus Baker/Alamy Stock Photo

Some of the businesses that help make city waterfronts vibrant, as in Annapolis, Maryland, and Boston, Massachusetts, shown here, are finding that periodic flooding
of even limited areas can be costly and disruptive.

For example, communities range from urban centers such as
the borough of Queens, New York, with a population of
2.2 million, to rural and remote towns such as District 7
within St. Mary Parish, Louisiana, which includes part of
Morgan City and has a population of 5,700.7 If 10 percent
of Queens floods, it would cause greater disruption than
10 percent of a coastal Louisiana Parish flooding. The
chronic inundation zone may be small in area but still

drive major investments or retreat, as in Annapolis, on
Maryland’s Western Shore, where the frequently flooded
area is its economically important waterfront. In contrast,
the chronic inundation zone may be large, as in small villages
on Maryland’s Eastern Shore, but elicit little local response.
Because the US coasts are home to a vast range of unique
communities, the tolerance for flooding among coastal cities
and towns will vary widely.

Many decades before a community is
underwater during high tide, its land area
may flood often enough to cause significant
disruption and losses for the community.
7

In this analysis, “communities” are defined by the boundaries of county subdivisions as recognized by the US Census Bureau (US Census Bureau 2012).
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BOX 1.

What about Wetlands and Levees?
Wetlands are areas that are permanently or periodically
covered by water. They include areas along the coasts, such as
salt marshes and mangrove swamps, and can also encompass
inland areas such as freshwater marshes and swamps (EPA
2017). Wetlands protect coastal communities from storm surge
and erosion while providing habitats for many plant and
animal species.
This analysis found that wetland areas are some of the
first to be exposed to chronic inundation. Because these are
not developable areas, the analysis excluded wetlands from the
calculation of chronic inundation zones.
Most vegetated coastal wetlands have historically shown
the ability to migrate: provided they have the space and time,
they respond to changes in water levels by moving vertically
and horizontally (Enwright, Griffith, and Osland 2016). However, modern land-use changes and the relatively rapid pace
of present-day sea level rise are challenging wetlands’ ability

•

Intermediate-Low: Assumes that sea level rise is driven
primarily by ocean warming with very little contribution from ice loss. This scenario assumes that global
heat-trapping emissions decline drastically; it assumes
that twenty-first-century warming is limited to between
2.7 and 3.6°F (1.5 and 2°C). It is associated with a 1.6 ft
(0.5 m) rise in sea level by 2100. Because the total twentyfirst-century warming in this scenario is in line with the
Paris Agreement’s goal of holding warming to less than
3.6°F (2°C) above preindustrial temperature levels, we
use this scenario as a proxy for sea level rise under the
Paris Agreement. This UCS analysis refers to projections
made based on this scenario as “the low scenario.”

to migrate, with wetlands in the Mississippi Delta region particularly affected (Blum and Roberts 2009; Day et al. 2007).
Recent studies have shown that some wetland areas may be
able to keep pace with sea level rise (Jankowski, Törnqvist, and
Fernandes 2017; Kirwan et al. 2016; Lentz et al. 2016); however,
this analysis does not attempt to model how wetlands would
respond to sea level rise.
Levees can provide enough protection to transform
highly flood-prone areas into livable areas suitable for a variety of uses. Across the United States, there are vast swaths
of land protected by levees—the New Orleans region being
one of the best known (USACE 2017). As seen quite starkly in
New Orleans, levees can fail. Indeed, they may provide a false
sense of security and encourage development of land that is
increasingly at risk of flooding (GAO 2016). This analysis also
excludes areas protected by federal levees from chronic inundation calculations.8

Scientists have not assigned probabilities to these particular sea level rise scenarios. Rather, UCS encourages decisionmakers to rely on the scenario that best reflects their tolerance
for risk. Decisions made with a higher tolerance for risk, such
as where to locate a high school soccer field, might draw on the
intermediate sea level rise scenario. Decisions made with a low
tolerance for risk, such as where to locate a hospital or other
long-lived piece of critical infrastructure and what specifications should be used in its construction, might draw instead
on the high sea level rise scenario (Parris et al. 2012). The low
sea level rise scenario, by contrast, is less a future decision
makers should plan for than a future they should work
toward by supporting and promoting emissions reductions.

The low scenario assumes that heattrapping emissions decline steeply,
and is used as a proxy for expected sea
level rise under the Paris Agreement.
8

10

The accuracy of the projected inundation zone within leveed areas is only as good as the underlying data, and any errors concerning the elevation of levees could
result in areas that would actually be protected showing up as inundated in this analysis. To mitigate this effect, we exclude federal leveed areas when calculating
the percentage of each community that will fall within chronic inundation zones. Therefore, any stated percentage of usable land in a community that is inundated
excludes areas currently protected by federal levees. Areas protected by locally maintained levees, of which there are many in Louisiana, were largely well reflected
in the underlying data and remained in the area calculations. This analysis also does not include the possibility of levee failure, although the combination of sea
level rise and extreme weather events can place strains on existing levees.
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FIGURE 3. Projected Twenty-First-Century Sea Level Rise
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How much sea level rises this century depends on our past and future
emissions of heat-trapping gases as well as how Earth responds to
those emissions. We based projections for sea level rise on the
Intermediate-Low, Intermediate-High, and Highest scenarios from
the Third National Climate Assessment; we refer to our projections
as the low, intermediate, and high scenarios respectively (Parris et al.
2012). The latest suite of scenarios developed for the upcoming
Fourth National Climate Assessment includes an “Extreme” scenario
that reflects a growing consensus around the possibility of major
Antarctic melting this century (Sweet et al. 2017; DeConto and
Pollard 2016). We did not analyze the extreme scenario.

Sea Level Rise and Chronic Inundation Meet
Social Inequities
Fouche Sheppard is a well-known resident of Charleston,
South Carolina, a Gullah poet and storyteller, and a longtime
advocate for youth and seniors. She also worked as an administrative assistant at a medical office—until she was fired. The
reason: her supervisor was upset she could not come to work.
The reason she could not come to work: flooding.
Sheppard says the streets that would have taken her
downtown were blocked by what people in Charleston call
“nuisance flooding,” caused by rain at high tide or even under
sunny skies at the highest tides.
“I said to my supervisor, ‘You’re firing me because you’re
lucky enough to live in one part of town and I live in another?’”
Sheppard recounts. “I’m worried that if this keeps up, it’s
going to affect a lot of people just trying to get by,” she says.
“How many people are going to lose their jobs when they
can’t get to work because their car has been destroyed
by flooding?”
Low-income communities face significant social and economic challenges that put them at a disadvantage when faced
with natural disasters and other stressors (Deas et al. 2017).
The slow-onset stress caused by chronic inundation is yet

another such challenge. Many Americans of color—African
Americans, Latinos, Native Americans, and others—live in
low-income communities. Centuries of structural racism and
disenfranchisement have left these communities lacking the
resources and services that help cities and towns prepare
for impending disasters and recover when disaster strikes
(Melillo, Richmond, and Yohe 2014; Friend and Moench 2013;
Fothergill and Peek 2004).
For example, Annapolis is a middle-class community that
is investing in flood mitigation measures and adaptation plans
as sea levels rise. The city’s leadership has met regularly to
discuss flood preparedness for many years and has petitioned
for and received grants for its efforts. Annapolis is also aided
by the presence of the US Naval Academy, which funds seawall repair and other preventative construction. By contrast,
nearly 60 miles away across the Chesapeake Bay, the city of
Cambridge, Maryland, has not yet developed a master plan
to assist its predominantly African American residents, or
the quarter of its population who live below poverty levels,
in responding to sea level rise. The city did secure a grant to
begin planning the repair of its crumbling seawalls—but only
in 2017.
Climate change is known to pose risks to low-income
communities, communities of color, and other traditionally
underserved communities—risks more severe than those
faced by wealthier, often whiter communities, especially in
urban settings (Deas et al. 2017; Graham, Debucquoy, and
Anguelovski 2016). This analysis shows that many communi
ties that face chronic inundation may do so without the
resources or capacity to respond.
To identify communities with fewer resources for planning and adaptation, UCS used the Social Vulnerability Index,
or SoVI (Cutter, Boruff, and Shirley 2003), one of several
published and widely used quantifiers of socioeconomic
vunerability. This index is based on 29 economic and demographic variables obtained through the US Census at the tract
level. These variables include income; poverty; percentages
of black or African American, Hispanic, and Native American
residents; education level; and age. This analysis uses SoVI to
identify communities that are socioeconomically vulnerable

{

“How many people are going to
lose their jobs when they can’t get
to work because their car has been
destroyed by flooding?”
— Fouche Sheppard, advocate,
Charleston, South Carolina

}
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Coco Robicheaux/Alamy Stock Photo

Long-standing inequities leave some communities, however resourceful, with less to invest and fewer options for responding to flooding. In Isle de Jean Charles, LA,
2008, a man salvages furniture in the wake of a major storm.

today and also identifies areas that will be exposed to chronic
inundation 20 or fewer years from now.9 Sometimes these
areas overlap, flagging more acute risk. Sometimes the tract
with high socioeconomic vulnerability is inland and out
of reach of chronic inundation. Even when not exposed to
chronic inundation, however, underserved areas may be at risk
of coastal gentrification, as is reported in some communities
in Southeast Florida (Ariza 2017).

By using SoVI to identify vulnerable localities, this
analysis brings attention to the fact that these communities
will need more resources and more capacity in order to
prepare for the impacts of sea level rise. Fair solutions will be
those that include considerations of socioeconomic vulnerability and are implemented equitably across communities
(ICJN 002).

Low-income communities face significant
social and economic challenges that put
them at a disadvantage when faced with
natural disasters and other stressors.
9

12

Because demographics change over time and future geographic patterns of socioeconomic vulnerability are uncertain, this analysis limits consideration of the
exposure of socioeconomically vulnerable communities to this near-term timeframe.

union of concerned scientists

[ chapter 3 ]

Chronic Inundation Today
Some communities are already grappling with flooding that
is frequent and disruptive enough to affect ordinary patterns
of daily life. Along the Texas Coast, tidal flooding frequently
inundates neighborhoods and overtops the road connecting
the Bolivar Peninsula to the mainland, which turns the peninsula into an island. Emergency responders there report finding
roads impassable due to floodwaters. And peninsula residents
and small business owners, such as Lee Chambers, owner of
the Blue Water Bait Shop in the town of Crystal Beach, report
frequent shop closures and a loss of customers when high tides
flood streets and parking lots. Elsewhere, in parts of Jamaica
Bay, New York; Norfolk, Virginia; and Miami, Florida; tidal
flooding has changed the behavior of residents, who now
share flood advisories and park their cars on streets beyond
the reach of high tide.

Today’s Chronically Inundated Places:
Where Sinking Land Meets Rising Seas
This analysis classifies about 90 communities as chronically
inundated today. Nearly 80 percent of these communities are
located in Louisiana and along Maryland’s Eastern Shore—
regions that are well-documented sea level rise hotspots due
to land subsidence, low land elevations, and, in Maryland’s
case, regional currents (NOAA 2017; Ezer et al. 2013; Milliken,
Anderson, and Rodriguez 2008).
Locals and experts in these and the additional states confirm the level of chronic inundation this analysis identified in
most cases (see methodology at www.ucsusa.org/RisingSeasHit
Home). However, recent investments in protective measures
such as bulkheads or pump systems can make a substantial

{

“There are a few days when we are
actually an island. The engineers
threw down some concrete barriers
alongside the road to keep the water
out. The water has knocked them
sideways. It’s a false sense of hope.”
— Matt Summers, firefighter, Bolivar, Texas

}

difference to community-level flood severity, as seen, for
example, in West Wildwood, New Jersey. Upgrades to
bulkheads made there in 2016 substantially reduced the
extent and frequency of flooding the community experiences
(Ridings 2017; Miller 2016).
Additionally, today’s chronically inundated communities
tend to be rural, often isolated places, with small populations
and large open spaces that are often agricultural, recreation, or
conservation areas. Such places attract little attention when
they flood compared to bigger cities, but in these places,
chronic inundation has arrived. And residents are responding.

Realities and Responses of Chronically
Inundated Communities
In Louisiana, many communities within coastal parishes (58 in
total, plus New Orleans, for two-thirds of the 91 chronically
inundated communities nationwide, today) exceed our flooding threshold. “Down here, people are actively dealing with
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already faces such frequent, disruptive flooding that its residents, most of whom belong to the Biloxi-Chitimacha-Choctaw
Native American band, have asked for and received government
assistance to relocate; they are among the first Americans to
receive federal climate resettlement assistance (Isle de Jean
Charles n.d.; Maldonado et al. 2013). The broader county subdivision that encompasses Isle de Jean Charles, which includes
the towns of Montegut and Bayou Barre, experiences flooding
of 10 to 15 percent of its land every other week on average.
Along Maryland’s Eastern Shore, as in Louisiana, the
gradual onset of chronic inundation is already prompting
changes to daily life—some of them transformative. On Smith
Island, about 15 percent of the land area is already chronically
inundated. Farmers along the coast of Somerset County,
where Smith Island is located, are experiencing land loss due
to erosion and decreases in productivity as salinity levels in
the water table rise (Erwin et al. 2010; Maryland DNR 2008).
Roads are flooding more frequently as sea level rise enables
high tide to reach further inland (MDNR 2008).
While the tolerance for flooding may be high in locations
such as Smith Island, tipping points exist here, too. The island
has lost about one-third of its land area since 1850 and more
than one-third of its population since 2010. It has seen so
many young people leave the island that the primary school
now has just nine students total in kindergarten through
seventh grade (TownCharts 2017; Wheeler 2015; Erwin et al.
2010). There are two major shoreline protection projects
underway to shield the island’s remaining population of just
180, including a $2.4 million shoreline stabilization project at
Rhodes Point (Holland 2016a; Holland 2016b).
Less than 20 miles northeast of Smith Island, the small
rural community of Dames Quarter on Deal Island, Maryland,
is also dealing with chronic inundation. With about 15 percent
of its land flooding on average twice monthly, Deal Islanders,
who number fewer than 200, have been working with
researchers from the University of Maryland to reduce their
exposure to sea level rise and enhance their community’s
resilience to frequent flooding (DIPP 2017).

A Wide Range in What Communities
Will Tolerate
The negative effects of chronic inundation, and how much
flooding people can tolerate, vary widely today. They will also
vary in the future depending largely on how a community
currently uses the land in question and how disruptive it will
be to change that usage.
In some of today’s chronically inundated communities,
substantially more than 10 percent of their land area can and
does flood regularly, though often with minor consequences
compared to more populous locations. For example, several
communities in Hyde County, North Carolina, experience
chronic inundation of more than 40 percent of their land.
Despite roughly 80 percent of the county’s land consisting of
preserved open space crisscrossed by an extensive drainage
network, communities such as Englehard are challenged by
tidal flooding that threatens their croplands and aquifers and
inundates roads for weeks at a time (Hardison 2017; Hyde
County 2008). With assistance from the Federal Emergency
Management Agency (FEMA), the county is investing in elevating several properties that floods have damaged multiple
times (Hyde County 2016).
In other communities, regular flooding of far less than
10 percent of their land area would drive major changes. For
example, frequent tidal flooding in Annapolis significantly
disrupts business and tourism in the city’s vibrant waterfront
district. Less than 10 percent of Annapolis’s area floods
frequently today, but the area that does flood is highly important to the city. Even though our analysis does not identify
Annapolis as a chronically inundated community today, the
city has already begun to invest in addressing the growing
costs and negative effects of flooding (City of Annapolis 2011).
Likewise, less than 10 percent of Miami Beach falls within
the chronic inundation zone today, yet frequent flooding
there has damaged local businesses and prompted a roughly
$400 million investment in flood mitigation measures
(Weiss 2016).

“Down here, people are actively dealing with
{ climate
change without calling it climate change.”
— Tim Osborn, NOAA manager,
central Gulf Coast

}
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[ chapter 4 ]

Chronic Inundation to Come:
When and Where?
While most of the following results are presented in terms of
the names, numbers, and percentages of chronically inundated cities and towns, the real costs and losses ahead are less
quantifiable and more human.10
Under any sea level rise scenario, this inundation is
expected to worsen. And a point will be reached when residents of many neighborhoods will have to think about living
elsewhere as their lawns and yards and first floors become
unusable, as their businesses remain shuttered and inaccessible, as land where generations of people have lived and died
is overwhelmed by seawater.
What is the measure of loss for a city becoming chronically
inundated? For locals, it could feel incalculable. How much
would they be willing, or able, to invest to delay these losses?
Most people wish to remain in the communities they love and
to stay in the place they call home. What feasible, affordable
options will be open to them? By first understanding when
they can expect chronic inundation, such communities can
begin to chart a way forward.

When chronic inundation
claims cities and towns,
the real costs are less
quantifiable and more
human.

The Next Communities to Face Chronic
Inundation
In the intermediate and high scenarios, UCS finds that the
following inundation would occur within the next 20 years,
by 2035:
•

Nearly 170 communities will face chronic inundation,
compared to 90 today, in the intermediate scenario. In
about 20 communities, mostly in Louisiana, the chronic
inundation zone would encompass more than threequarters of currently usable land.

•

Roughly 180 communities will face chronic inundation
in the high scenario, including more than 10 percent of
the nation’s oceanfront communities.

•

In both scenarios, more than half of the affected communities are home to one or more socioeconomically
vulnerable neighborhoods.

UCS analysis found about 90 US communities that
already grapple with disruptive flooding today. (See chapter 3,
p. 13.) The majority of these communities—the tip of the iceberg of chronic inundation—have two things in common: low
land elevation and high rates of land subsidence. Within just
the next 20 years, however, an additional 80 to 90 communities that do not necessarily share those characteristics will
join their ranks.
The number of communities experiencing chronic inundation within 20 years nearly doubles to 170 or 180 in the
intermediate and high scenarios, respectively (Figure 4, p. 18).

10 For the complete results, see the data tables available here: www.ucsusa.org/RisingSeasHitHome.
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As Sea Level Rises, the Number of Communities Facing Chronic Inundation Grows
Low
Scenario

Intermediate
Scenario

High
Scenario

% inundation

Present

2060

2100

2035

2060

2080

2100

2030

2045

2060

2070

2080

2090

2100

10–25%

44

63

112

64

103

133

195

75

109

132

165

208

226

240

25–50%

31

53

61

49

71

76

102

55

78

89

89

110

123

155

50–75%

12

42

58

37

50

74

59

30

44

71

69

71

81

76

>75%

4

25

59

17

48

82

133

18

34

68

104

134

170

197

Total

91

183

290

167

272

365

489

178

265

360

427

523

600

668

While this analysis uses the 10 percent threshold as a minimum for defining when a community becomes chronically inundated, the extent of
the chronic inundation zone is much larger in many communities, particularly in the latter half of the century. The number of communities
that will experience frequent, disruptive flooding of half or more of their land area more than doubles within 20 years if sea levels rise at a
midrange pace.

In the intermediate scenario, the 70 or so communities that
will be newly exposed to chronic inundation by 2035 are clustered in several regions: the Jersey Shore, the mainland side
of North Carolina’s Pamlico Sound, and, as today, southern
Louisiana and the Eastern Shore of Maryland. Each of these
regions is home to some communities already trying to cope
with disruptive flooding, but midrange levels of projected sea
level rise over the next 20 years will expand the reach of such
flooding.
In New Jersey, two decades of sea level rise will bring
chronic disruptive inundation to Seaside Park and 14 more
towns along the Jersey Shore that today rarely feel the effects
of tidal flooding. In North Carolina, the number of chronically
inundated communities more than doubles in the intermediate scenario—from just six today to 13 by 2035—with small
towns such as Columbia, Englehard, and Lowland in the
Pamlico Sound region increasingly flooded. Similarly, while
South Carolina’s Lowcountry is no stranger to coastal flooding,
the chronic inundation zone is projected to reach the famed
golf courses of Kiawah Island and islands within the Gullah/
Geechee Cultural Heritage Corridor, home to the Gullah people,
within the next 20 years (US Climate Resilience Toolkit 2017;
Bartelme 2016).
Only four of today’s chronically inundated communities
experience flooding of 75 percent or more of their land twice
monthly (averaged over a year). Nearly 20 communities
would experience such flooding by 2035, in both the intermediate and high scenarios (see the table). And about a third of
chronically inundated communities in the 2030s would see

half or more of their land become limited-use zones. In some
of these places, the land in question is largely undeveloped. In
other places, such as Moonachie, New Jersey, where chronic
inundation with the high scenario is projected to cover about
55 percent of the town, seawater would make its way into
densely populated neighborhoods and industrial zones.
Using SoVI as a measure of present-day socioeconomic
vulnerability, UCS finds that more than half (55 percent) of
the communities facing chronic inundation within the next
20 years are also home to one or more socioeconomically
vulnerable neighborhoods or “tracts.”11 This is similar to the
proportion of today’s chronically inundated communities
that contain socioeconomically vulnerable neighborhoods.
The causes of socioeconomic vulnerability vary from region
to region and community to community. The Eastern Shore
of Maryland is home to a large elderly population on fixed
incomes and a large African American population, two groups
that have traditionally had fewer resources to cope with
environmental disasters and change (Deas et al. 2017; Lane
et al. 2013; Martinich et al. 2012; Mearns and Norton 2010).
The towns within Terrebonne and St. Mary’s parishes in
Louisiana that face increasing chronic inundation are home
to large African American and Native American populations.
Here, education levels, which are correlated to natural
disaster preparedness, are below the regional average for the
Gulf Coast (Al-rousan, Rubenstein, and Wallace 2014). And
in south Florida, low incomes and other demographic risks
combine to create vulnerable pockets in the Florida Keys.
continued on page 20

11 This analysis captures communities with census tracts with high SoVI scores anywhere within the chronically inundated community. Because gentrification can
threaten socioeconomically vulnerable neighborhoods located inland, SoVI tracts need not be located directly on the coast or within chronically inundated zones.
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2100: Inundation Nation
UCS analysis finds that by the end of the century, in the
absence of a coordinated, advance response, many communities along the US coasts face unprecedented challenges:
By 2100 in the intermediate scenario, nearly 490 com
munities will face chronic inundation, including more
than 40 percent of all oceanfront communities on the
East and Gulf Coasts.12

•

In the high scenario, about 670 communities will face
chronic inundation, including nearly 60 percent of all
oceanfront communities on the East and Gulf Coasts.

•

In both scenarios, nearly 30 percent of affected communities will see three-quarters or more of their presently
usable land area become limited-use, chronic inundation
zones.

•

In the high scenario, more than 50 populous cities experience chronic inundation, including Boston, Newark, Fort
Lauderdale, Oakland, and four boroughs of New York City.

From greater Boston to the tip of Key West, Florida, and
from the Everglades in Florida to Corpus Christi, Texas, vast
stretches of US coasts will be host to chronically inundated
communities by 2100 in both the intermediate and the high
scenarios.
Nearly 490 communities nationwide—including about
40 percent of all oceanfront communities on the East and
Gulf Coasts—would experience chronic inundation in the
intermediate scenario. Affected areas include nearly all of
the coastal communities in New Jersey, Maryland, northern
North Carolina, South Carolina, Georgia, Louisiana, and
northern Texas. Whereas only small, isolated communities
on the West Coast face substantial inundation earlier in the
century due both to the slower rate of sea level rise and to
higher average elevation along the West Coast than along the
East and Gulf Coasts, the large communities of San Mateo
in the San Francisco Bay Area and the North Coast, home to
Huntington Beach in the greater Los Angeles region, join the
ranks of the chronically inundated by 2100. Indeed, 29 of the
communities affected by 2100 in the intermediate scenario
are metropolitan areas of more than 100,000 residents,
including Boston, Newark, and St. Petersburg. Chronic inundation will not be confined to city limits; it will affect many
surrounding towns, compounding the challenge of building
resilience to climate change in ways that ensure the livability
of broader metropolitan regions. (Tomkins and Cogswell
2016; Vogel et al. 2016).

Doc Searls/Creative Commons (Flickr)

•

The low-lying Meadowlands of New Jersey and neighboring New York City
remind us that we constructed many major cities on low-lying, often filled land
at the mouths of rivers, and how exposed those places are to chronic floods.

The differences between the intermediate and high 2100
scenarios are again striking (Figure 10, p. 26). In the high scenario, roughly 180 more communities face chronic inundation
than in the intermediate scenario. Three-quarters of these
additional communities are located in eight states: Florida,
Louisiana, Maryland, Massachusetts, New Jersey, New York,
North Carolina, and Virginia. Each of these states has 10 or
more communities that would be chronically inundated by
2100 in the high scenario but spared in the intermediate
scenario.
In the high scenario, 668 communities—including nearly
60 percent of all East and Gulf Coast oceanfront communities—will face chronic inundation. Among these communities
are more than 50 metropolitan areas, including four of the
five boroughs of New York City; New Haven and Bridgeport,
Connecticut; Elizabeth, New Jersey; Oakland; and San Mateo.
The economic, cultural, and social consequences of losing
more than 10 percent of currently usable land in Staten
Island, Queens, Brooklyn, and Manhattan alone would reverberate worldwide, and flooding in the other cities would have
similar ramifications.

12 In this analysis, oceanfront communities represent a subset of all coastal communities. Some communities facing chronic inundation today and in the future are
not immediately along the shore, but are ultimately connected to the ocean via rivers and inland waterways.
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Mike Filippoff

Later this century, chronic inundation is poised to become a major problem for many big cities. But even today, along their shores, San Francisco (shown
here in 2012), Boston, Miami, and others are seeing previews of the future daily high tide line.

BOX 4.

Chronic Inundation Snapshot: Great US Cities
Whereas many of the communities facing disruptive flooding
in the near term are relatively small towns, home to fewer
than 100,000 people, flooding becomes a big-city problem over
the course of this century in both the intermediate and high
scenarios (Figure 11, p. 28). These big cities include some, such
as Boston and New York, that have historically invested heavily
in expanding their land area by filling in wetlands and building
protective structures along their shorelines (City of Boston
n.d.; City of New York 2014.; New York State 2016). In the high
scenario, more than 50 communities with populations over
100,000 would experience disruptive flooding and the difficult
decisions that go along with it by 2100. These cities stretch
from coast to coast and include the following:
•

San Mateo

•

Newark

•

All the boroughs of New York City except the Bronx

•

Port Arthur, Texas

•

Miami, Fort Lauderdale, Fort Meyers, and St. Petersburg—
and 12 other Florida cities

Today, New Orleans is the only major city where the chronic
inundation zone encompasses more than 10 percent of its
area.13 But by 2100 in the high scenario, the chronic inundation
zones in Boston, Alameda, and many other cities extend to
nearly one-quarter or more of the cities’ areas.
The prospect of managed retreat from parts of the coastlines of 50 populous communities or of investing significant
capital to defend those waterfronts is daunting. The challenges, costs, and inevitable losses involved in holding back the
water in 50 large population centers and/or relocating thousands if not millions of their residents would be immense. The
low scenario—a proxy for adherence to the Paris Agreement’s
goal that future warming is held to 2°C or less above preindustrial values—shows nearly all these major metropolitan areas
spared chronic inundation this century. This contrast may put
the comparative bargain of emissions reduction in perspective
(NASEM 2016).

13 Note that the technical city limits of New Orleans extend far to the northeast of the city. While most of New Orleans proper is protected by levees (and therefore
excluded from our calculations of area inundated), the northeastern corner of the broader city region is not. It is the inundation of this low-lying area, unprotected
by levees, that causes more than 10 percent of the city to fall within the chronic inundation zone today.
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Outlier Solutions, Inc., and LightHawk

Though Tillamook, Oregon, and surrounding areas, shown here during a 2014 king tide, never reaches the chronic inundation threshold, important infrastructure
including roads and a runway, see tidal flooding today. On the left, a flooded road. On the right, an extreme tide covers farmland and nearly reaches a grocery store
and other businesses.

analysis outlined sea level rise and storm surge risks to refineries and corporate shareholders as well as to neighboring
communities exposed to toxic waste from damaged facilities
(Carlson, Goldman, and Dahl 2015). Chronic inundation
poses a slower-moving but potentially quite costly threat.
The current analysis shows that, of Port Arthur’s 14 energy
facilities (including at least one refinery as well as research
and development hubs), six fall within the chronic inundation zone by 2070 in the high scenario, when the town itself
becomes classified as chronically inundated.
Public safety and emergency response facilities, such as
fire and police stations, tend to be costly for communities to
construct and, therefore, they are meant to last. Towns along
New Jersey’s Long Beach Island face choices about maintaining such facilities over the next 30 years, when the high
scenario projects many of them to be chronically inundated.
In these towns, which include Long Beach, Harvey Cedars,
Shipbottom, and Surf City, eight emergency response facilities, including fire and police stations, fall within the chronic
inundation zone by 2045. That number rises to nearly a dozen
by 2060.
Some coastal communities may be able to relocate critical infrastructure so that it remains accessible to residents.
This could work in, for example, Sea Level Township, North
Carolina, where the number of critical facilities projected to
become chronically inundated, even by 2100, is small even in
the high scenario. In other locations, however, there are more
significant challenges. In the extremely tight housing market
of the San Francisco Bay Area, relocating 20 schools within
the town of San Mateo would be difficult, both financially and
physically.

LOST BUSINESS REVENUE

When floodwaters seep into business districts, shops become
less accessible (particularly to foot traffic) and business
owners lose revenue. Many coastal towns’ economies rely on
tourism, and the loss of business revenue due to flooding can
affect a whole town’s economic well-being (Diamond 2013).
Even when businesses remain open during or after flooding, public perception that they are inaccessible can reduce
revenue, as was the case during recent flooding in the United
Kingdom (VisitEngland 2014).
This analysis shows that many popular tourist destinations will face chronic inundation in the coming decades.
By 2060 in the high scenario, the waterfronts and historic
seaports of Ocean City; Key West; and Coney Island, New York
would all experience frequent disruptive flooding. The
chronic inundation zone in Ocean City would stretch up to
the city’s famous boardwalk—its many shops, restaurants,
and attractions are a key piece of the city’s tourism-based
economy (Town of Ocean City Finance Department, Recor,
and Bennett 2014). Access to Coney Island’s theme parks,
boardwalk, and aquarium would be similarly affected. And in
Old Town Key West, frequent flooding would block access to
the restaurants, bars, shops, and rental properties that underpin the island’s economy (Key West Chamber of Commerce
2017). With extensive flooding limiting access to these destinations, on average, twice a month, business owners, the real
estate market, and, in turn, the surrounding towns, could feel
the squeeze.
Business districts that flood frequently become less
attractive to business owners looking to set up shop, and local
governments facing this loss of revenue grapple with how to

When Rising Seas Hit Home

31

The Best Chance to “Spare” Many Coastal
Communities

Matt Rath/Chesapeake Bay Program

This analysis finds that significantly curtailing future warming and sea level rise could accomplish the following:

Annapolis is facing the need for major investment to keep businesses in its vibrant waterfront district alive as flooding increases. Though the city never surpasses the chronic inundation threshold used here, chronic flooding of smaller
areas is already taking its toll.

help (Behr, Diaz, and Mitchell 2016). Communities experiencing frequent flooding today are already making difficult
choices (Smith 2015). Miami Beach has invested hundreds of
millions of dollars into pumps that can alleviate the frequent
flooding that afflicts its business areas (Weiss 2016). But,
like Gloria Tello, the stylist looking to open her own shop in
the Miami area, many business owners are considering how
frequently neighboring businesses flood and deciding to look
elsewhere. And in Annapolis, where tidal flooding occurs
nearly 40 times per year on average, city planners are considering providing business interruption insurance to business
owners in the historic district because, while flood insurance
helps businesses cope with the physical damage caused by
flooding, it does not replace all lost revenue (Craig 2016).
Annapolis is already being forced to consider the scale of
investment it must make to maintain its thriving business
district and to weigh that investment against other needs.
The hard choices confronting communities already grappling with frequent disruptive flooding demonstrate that the
solutions to these problems are varied and must be tailored to
communities’ unique needs. And while individual homeowners or individual communities with enough financial and
political means can make sound choices, the scope of the
challenge ahead demands the cooperation of local, state, and
federal governments. (See chapter 5, p. 35.)

•

Spare 90 or more communities from chronic inundation
in the next 50 years (by 2060)

•

Spare between 200 and 400 communities—depending
on the amount of sea level rise—from chronic inundation
this century

•

Avoid end-of-century chronic inundation in nearly 50
populous communities

•

Allow roughly 70 to 150 communities to avoid chronic
flooding over 50 percent or more of their land this
century.

The Paris Agreement, ratified by most countries in
November 2016, aims to limit future warming to 2°C (or less)
above preindustrial levels in order to avoid catastrophic
impacts.14 UCS analyzed how coastal communities could benefit from international adherence to the agreement by using
the low sea level rise scenario as a proxy for sea level rise
associated with a warming of about 1.8°C. The magnitude and
pace of sea level rise carry major consequences for the number of communities facing chronic inundation this century;
the results of this analysis make a clear and compelling case
for action. While many coastal communities can only prepare
for the flooding to come, hundreds more cities and towns in
the United States—and many more than that worldwide—
could be spared chronic inundation if the United States and
other nations take decisive action today and keep their commitment to the Paris Agreement.
One-third (89 in all) of the communities that experience
chronic inundation in 2060 in the intermediate scenario avoid
this flooding in the low scenario. These communities include
several in the greater Boston area and on the Gulf Coast of
Florida and more than 10 communities on the Jersey Shore.
By 2100, nearly 200 communities nationwide could avoid
chronic inundation under the low scenario compared to the
intermediate scenario (Figure 13). These 200 communities
lie along broad stretches of the mid-Atlantic coastline and
include Virginia Beach, Virginia; Cape May, New Jersey; and
Hempstead, New York, as well as a cluster of communities
around Beaufort, North Carolina, and nearly 40 communities
in Florida.

14 On June 1, 2017, President Trump announced his decision to withdraw the United States from the Paris Agreement. Many parties to the agreement, notably European Union members and China, have subsequently signaled a strong commitment to continuing to meet the agreement’s goals (BBC News 2017). In the United
States, a coalition of cities, states, businesses, and other entities has also pledged to adhere to them (Tabuchi and Fountain 2017).
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[ chapter 5 ]

Chronic Inundation Response Time:
How to Use It Wisely
Hundreds of US communities, and many more worldwide,
have a limited window of time in which to prepare for
chronic inundation and prevent it where possible. How much
time depends in large part on the ongoing pace of heattrapping emissions and on how land-based ice responds to
warming. This analysis offers decisionmakers—from residents
to local, state, and federal leaders—scenarios that can help
them plan according to their tolerance for risk. (See Figure 3,
p. 11) With so many people and so much property, economic
activity, and cultural heritage at risk, preparing for chronic
inundation will be complicated and expensive. As this report
highlights, action needs to be undertaken quickly in many
locations and, as the problem spreads, on a scale that may be
unprecedented for our nation.
The key is to use this diminishing time wisely to effect
sound adaptation. And the United States must work with
other nations to slow the pace of sea level rise through
aggressive climate change mitigation in order to allow as
many communities as possible to avoid chronic inundation
this century and beyond.

other shoreline protections that take significant time to
finance, plan, and construct. Property values, if they have not
already done so, would plummet; homeowners would not be
able to sell their homes (Becketti and Lacy 2016; Rao 2016).
Stripped of their greatest assets, and with home, work, and
sense of community badly undermined, the well-being of
families and individuals would be affected on many levels
(Clayton et al. 2017).
Just as failing to respond is a bad choice, responding
with unsound and unwise actions (for example, upgrading
infrastructure based on outdated sea level rise projections
or without any consideration of sea level rise) would also
leave communities trapped when chronic inundation sets in
(Spanger-Siegfried et al. 2016). (See Box 6, p. 40)

B137/Creative Commons (Wikimedia Commons)

Using Response Time Wisely: What Not to Do
We cannot waste time either doing nothing or continuing
to act in ways that create or heighten coastal risk. Failure to
respond will mean that when chronic inundation arrives,
communities will be essentially trapped, with limited options.
At the point of chronic inundation, it may be too late, for
example, for programs that offer homeowners buyouts on
favorable terms. In many cases, it will also be too late for
costly infrastructure projects such as extensive levees or

In parts of Miami-Dade County, like the Brickell neighborhood, hundreds of
housing units are still being built on land less than three feet above the high tide
line, despite increased flooding.
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Rising to the Challenge Together

Christos Bacharakis/Creative Commons (Flickr)

Chronic inundation will present challenges that are too great
for any single actor to handle. The complexity of governance
and decisionmaking needed to respond to projected sea level
rise will be on a scale that we as a nation rarely encounter
(Moser et al. 2014; Bronnen 2013). Coordinated action by
households, local and state leadership, and businesses is critical to help communities transition to greater resilience and to
limit the damage wrought by flooding. And given the national
scope and scale of the coastal challenge, the federal government has an essential role to play in marshaling the policies,
science, and resources needed to support communities adapting to sea level rise (SLTLTFCPR 2014). Managing large-scale
coastal retreat in a way that limits major social and economic
disruption must become a national imperative.
Whether our nation’s nascent efforts to respond to
coastal flood risks will be scaled up and well resourced in the
years ahead or reversed will depend on decisions made by
current and future administrations and Congress as well as

by state and local policymakers. Americans must rise to the
challenge and recognize that it is in our shared interest to
help coastal communities. Leaving each to face an uncertain
fate on its own is a poor choice because the damage incurred
will eventually affect the nation’s economy, politics, and social
fabric broadly.
As we look ahead to the end of this century, we have a
clear choice. Many of our East and Gulf Coast communities
will be chronically inundated and we must prepare. For others,
if reality mirrors the sea level rise scenario most aligned
with the long-term goals of the Paris Agreement, many could
be spared this flooding. At this crossroads, reducing global
warming emissions must be a national priority. The United
States can still make deep cuts in heat-trapping emissions,
thereby contributing to global efforts to limit climate change.
We are at a turning point where we can still avoid some
of the most serious human consequences and losses that
our coasts—and indeed coastal communities around the
world—face this century. We have time to respond. We must
use it wisely.

For many coastal communities, some difficult choices lie ahead, but open dialogue and effective governance can enable them to find sound, lasting ways forward.
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[ Key Terms ]

Adaptation: The process of adjusting to actual or expected climate
change. In human systems, adaptation seeks to moderate harm or
exploit opportunities. In natural systems, human intervention may
facilitate adjustments to expected climate change and its effects
(IPCC 2014a).

Resilience: The capacity to cope with a hazardous event or disturbance. Building resilience entails responding or reorganizing in
ways that maintain a community’s essential identity, structure, and
function while sustaining its capacity for adaptation, learning, and
transformation (IPCC 2014a; Arctic Council 2013).

Chronic inundation: In this analysis, we define chronic inundation
as flooding that encompasses 10 percent or more of a community’s
usable land 26 times or more per year, causing disruptions to daily
routines. UCS chose these thresholds based on conversations with
residents in communities that flood frequently today and on published frequency thresholds (Sweet and Park 2014).

Response time: The amount of time a community has before projected chronic inundation sets in. Communities can prepare for this
flooding by using their response time wisely and taking sound measures to defend against, accommodate, and/or retreat from chronic
inundation as circumstances and resources warrant.

Chronic inundation zone: The zone above the high tide line that floods
26 times or more per year (on average every other week). While this
zone does not experience daily flooding, regular inundation limits its
uses. Substantial investments would be required to prevent the shift
to limited-use status in chronically inundated zones.
Community: This analysis uses county subdivisions identified by the
US Census Bureau to define communities (US Census Bureau 2012).
County subdivisions are the primary divisions within counties and
represent recognizable cities and towns such as Boston, Brooklyn,
and Fort Lauderdale as well as some rural, remote, low-population,
even unnamed areas in places such as coastal Louisiana.
Extreme high tide: Twice a month (during new and full moons),
Earth, sun, and moon align, and the combined gravitational pull
of the sun and moon exerts greater force on Earth’s oceans. As a
result, high tides become slightly higher than normal, while low
tides become slightly lower. These tides are often called spring tides.
Several times a year, when a new or full moon occurs when the moon
is at its closest point to Earth, the range of the tides is even larger.
These are called perigean spring tides, or king tides. In this report,
extreme high tides include both spring and king tides—both of which
can result in coastal flooding.
Intertidal zone: The area of the coast that is subject to inundation by
ocean water during normal high tides.
Limited-use zone: Used interchangeably here with chronic inundation zone, this refers to the area above the high tide line that floods
26 times or more per year (on average every other week). While this
zone does not experience daily flooding, its uses will typically need to
shift from residential, commercial, or industrial to more limited uses
such as open space, coastal buffer zones, and recreational areas due
to regular inundation. Substantial investments would be required to
prevent the shift to limited-use status in chronically inundated zones.
Mitigation: A human intervention to reduce heat-trapping emissions
or remove carbon already in the atmosphere (IPCC 2014a). This is
not to be confused with mitigating the risks of disasters, including
those that are human-induced, by reducing hazards, vulnerability,
and exposure (IPCC 2014b).

Retreat: The managed or unmanaged withdrawal from coastal areas
at high risk of flooding to allow the land to become buffer zones and/
or other open space (Hino, Field, and Mach 2017).
Risk: The potential for consequences when something of human
value, including people’s lives, is at stake and the outcome is uncertain (IPCC 2014a).
Sea level rise scenarios: Sea levels are expected to rise as Earth’s
oceans and ice sheets respond to past and future emissions of heattrapping gases. Because future emissions and how Earth responds
to those emissions are uncertain, scientists have developed a range
of future sea level rise scenarios. This analysis uses localized projections based on three global sea level rise scenarios developed for the
Third US National Climate Assessment (Parris et al. 2012).
Socioeconomic vulnerability (SoVI): The vulnerability of individuals,
groups, or communities to a variety of stressors, including environmental change. This analysis uses SoVI, a published index (Martinich
et al. 2012; Cutter, Boruff, and Shirley 2003) of US Census tract-level
socioeconomic vulnerability, to assess the adverse impacts of chronic
inundation on communities.
Tidal flooding: Tidal flooding currently occurs when high tide is
running one to two feet above the mean higher high water mark.
The cause is typically astronomical high tides during full and new
moons, when the gravitational pull of the sun and moon align. Such
flooding can occur from the tide on its own but can be exacerbated
by other factors—including wind-driven surges, rainfall and runoff
(not factored into this analysis)—that are prevented from draining by
high tides. Currently considered minor or “nuisance” flooding, this
type of inundation is becoming more chronic in some locations due
to sea level rise.
Usable land: This analysis defines a community’s usable land as that
located outside of wetland and federal leveed areas. Wetland areas
were defined by the US Fish and Wildlife Service’s National Wetlands
Inventory (USFWS 2016); leveed areas were defined by the USACE’s
National Levee Database (USACE 2017). Only usable land is included
in the calculation of chronic inundation zones in this analysis.
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When Rising Seas
Hit Home
Hard Choices Ahead for Hundreds of
US Coastal Communities

By making sound decisions soon,
communities can prepare for
chronic inundation and avoid
serious losses.

Americans living on all coasts will feel the effects of sea level rise
decades before coastal land is permanently underwater. The
shorter-term consequences are more extensive, more frequent,
and, eventually, chronic flooding, which will dramatically alter
the landscape and the livability of many coastal communities.
The Union of Concerned Scientists (UCS) has identified
hundreds of US communities that face this chronic, disruptive
inundation. Because this persistent flooding can render affected

areas—currently neighborhoods, commercial districts, and industrial zones—unusable, UCS has also modeled how much time
remains to take preparatory steps before this flooding arrives.
By making sound decisions soon, communities can prepare
for chronic inundation and avoid serious losses—not only of
homes, schools, businesses, and other infrastructure, but also of
regional history, sense of place, local culture, and people’s ways
of life.
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