




Limited Access to Critical Infrastructure

A community’s safety and viability depend on residents’ 
access to the critical infrastructure and institutions they rely 
on daily—such as schools and energy-producing facilities—as 
well as those they rely on in their greatest moments of need—
such as hospitals and fire stations. These institutions tend, 
sensibly, not to be located right on the water, which affords 
them a certain amount of protection from sea level rise and 
time to respond to it. However, as waters rise within a com-
munity, access to and from these critical facilities can become 
hampered. 

San Mateo becomes a chronically inundated community 
in 2080 in the high scenario, with more than 10 percent of its 
land subject to frequent flooding by that year. Twenty years 
before that, however, in 2060, about 20 of the city’s schools 
would be subject to disruptive flooding every other week on 
average. This would present severe logistical challenges to 
families in the city and potentially compromise the safety of 
school facilities. 

In Port Arthur, chronic inundation poses a significant 
threat to energy infrastructure. The fossil fuel industry cur-
rently depends on its ability to transport oil and gas reliably 
from Gulf Coast locations such as Port Arthur. An earlier UCS 

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

Hurricane Sandy caused widespread flooding and devastation along the southern shore of Long Island in 2012 (top). By 2100 in the high sce-
nario, a similar flood extent occurs every other week on average (bottom). Tidal flooding lacks the destructive wave action of a storm, but the 
regularity of this flooding could be destructive in its own way. 
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analysis outlined sea level rise and storm surge risks to refin-
eries 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 inunda-
tion 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 main-
taining 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 facili-
ties, 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 criti-
cal 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 flood-
ing, 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 destina-
tions 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 under-
pin the island’s economy (Key West Chamber of Commerce 
2017). With extensive flooding limiting access to these desti-
nations, 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 
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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. 
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help (Behr, Diaz, and Mitchell 2016). Communities experi-
encing 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 consid-
ering 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 grap-
pling with frequent disruptive flooding demonstrate that the 
solutions to these problems are varied and must be tailored to 
communities’ unique needs. And while individual homeown-
ers 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.)

The Best Chance to “Spare” Many Coastal 
Communities

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

•	 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 ben-
efit 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 num-
ber 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 com-
mitment 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 Euro-
pean 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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Annapolis is facing the need for major investment to keep businesses in its vi-
brant waterfront district alive as flooding increases. Though the city never sur-
passes the chronic inundation threshold used here, chronic flooding of smaller 
areas is already taking its toll. 
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Figure 13. Aggressive Emissions Reductions Could Spare Hundreds of Communities from Chronic Inundation

Adhering to the goals of the Paris Agreement by capping future warming and sea level rise could spare hundreds of coastal communities from 
frequent, disruptive flooding (yellow). Large population centers (green) in particular stand to benefit from limiting future sea level rise. 
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While many coastal communities 
can only prepare for the flooding 
to come, hundreds more cities and 
towns in the United States could 
be spared chronic inundation.

Limiting sea level rise also limits the reach of the chronic 
inundation zone, as well as accompanying adaptation costs. 
In 2100 in the high scenario, more than 270 communities 
would see half or more of their area inundated, whereas 
in the low scenario only about 120 would experience such 
extensive flooding. In the high scenario, Miami Gardens, 
Florida, experiences exposure of about 80 percent of the 
community to chronic inundation. In the low scenario, how-
ever, it remains almost completely unflooded, with less than 
2 percent of the community affected by chronic inundation. 

Large cities in particular would fare much better with 
a slower pace of sea level rise. By the end of the century, 

just three face chronic inundation in the low scenario: 
Savannah, Georgia; Miami Beach; and New Orleans. The 
chronic inundation of these three cities would involve exten-
sive costs and losses. But 49 of the communities with popula-
tions over 100,000 that face chronic inundation in the high 
scenario avoid that flooding in the low scenario. As cities are 
often top sources of heat-trapping emissions, they represent 
key opportunities for coastal adaptation as well as reducing 
emissions to levels of that would contribute to a safer global 
climate (Rosenzweig et al. 2010). The consequences of inac-
tion, on the other hand, are vast.
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Highway 80, which runs between Savannah and Tybee Island, Georgia, regularly floods during high tides. The dramatic storm-driven flooding, shown here on 
October 28, 2015, cut Tybee Islanders off from the mainland—a disruption they can expect regularly with chronic inundation.
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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 heat-
trapping 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.

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 

[ chapter 5 ]

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) 

Chronic Inundation Response Time:  
How to Use It Wisely
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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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The solutions that can help protect individual communities 
from increasingly frequent and extensive flooding fall into 
three broad categories: defending against the sea, accommo-
dating rising water, and retreating from flood-prone areas 
(Moser, Williams, and Boesch 2012). In practice, many 
communities will seek to combine these approaches in 
response to increased flooding.

Most defensive measures are designed to help minimize 
wave action, reduce erosion, and protect against storm surge 
(NRC 2014). Many communities along the East and Gulf 
Coasts have employed armoring or “grey” infrastructure mea-
sures such as seawalls, tide gates, and levees. Some have used 
ecosystem-based or “green” infrastructure measures such as 
saltmarsh restoration and the creation of new offshore reefs 
(Grannis et al. 2016; NJRCI 2016).

As sea level rises, however, hard structures can aggravate 
coastal erosion and beach loss on site and in adjacent areas, 
diminishing the protective function of natural shorelines and 
eroding the beaches we enjoy (Vitousek et al. 2017; NRC 2014). 
Additionally, such structures typically cannot protect against 
infiltration of saltwater from below ground (Mazi, Koussis, and 
Destouni 2013; Barlow and Reichard 2010). 

There are other issues to consider, as well. Even where 
defensive measures are effective at keeping tidal floods at 
bay, how long can they do so, and at what cost? To defend 

BOX 5. 

Response Types: Defend, Accommodate, Retreat
communities against chronic inundation, impervious seawalls, for 
example, would need to extend along large stretches of shoreline 
and avoid channeling incoming seas toward other exposed areas 
(NRC 2014). Or levees would need to be constructed, potentially 
requiring the use of large tracts of land and encouraging new 
development (GAO 2016). Where they are possible to implement, 
such projects are typically costly and can be legally, financially, 
logistically, and ecologically complicated (Moser 2014). In addi-
tion, they have an expiration date; either the defensive infra-
structure reaches retirement age, or sea level rise catches up and 
overwhelms it. Moreover, levees can fail, thus providing a false 
sense of security to those communities that believe they are safe or 
are even unaware they are living in a floodplain (GAO 2016).

Some communities already practice accommodation: 
managing floodwater by making space for it and living flexibly 
with a shifting shoreline (Moser et al. 2014). Homes and vital 
infrastructure can be elevated, for example, or built to withstand 
regular tidal inundation (IIBHS n.d.; USACE n.d.). Large-scale 
pump systems can be installed, such as Miami Beach’s $400 mil-
lion system (Weiss 2016). Projects can range in complexity from 
individual household measures such as elevating a home to major 
infrastructure projects such as channel construction along urban 
waterfronts. Where they are possible, these projects, too, can be 
very costly and limited in their ability to accommodate rising sea 
level (EPA 2015). 

Failure to respond will 
mean that when chronic 
inundation arrives, 
communities will be 
essentially trapped, with 
limited options.

Failing to begin effective planning, financing, and coor-
dination now means that the inevitable response to increased 
flooding will happen without coherence, resulting in signifi-
cant hardship for individuals, communities, businesses, and 
local governments (Moser, Williams, and Boesch 2012). In 
fact, waiting to adapt to climate change will cost significantly 
more down the road than will planning for it today (Melvin 

et al. 2016). In contrast to other periods of regional instabil-
ity, the economic consequences for states, and for the entire 
United States, of the onset and worsening of chronic inunda-
tion could scale up many times as it unfolds simultaneously 
in hundreds of communities across different regions.

Using Response Time Wisely: Meeting Hard 
Choices Head-On

Individuals and communities will need to use their available 
response time sensibly and aggressively to avoid incurring 
major losses. Just as most working people are advised 
to plan and save for their retirement well ahead of time, 
coastal communities—particularly those facing nearer-term 
inundation—must get started now, planning ahead and 
making choices that align with chronic flooding projections 
(Figure 14, p. 38; Lowlander Center and GCR 2015; Bierbaum 
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The third option, retreat, involves transitioning currently 
utilized land areas—neighborhoods, commercial districts, indus-
trial zones, etc.—to open space. Put simply, this means abandoning 
chronic inundation zones. Communities will increasingly need to 
apply this approach in areas at risk of chronic flooding, shifting 
inland away from places too risky or costly to maintain (Kousky 
2014; Agyeman, Devine-Wright, and Prange 2009). Economic 
incentives to retreat from the shore—or not build there anymore—
can assist in this transition.

Retreat can take different forms: unmanaged or managed, vol-
untary or mandatory (Hino, Field, and Mach 2017). To date, retreat 
in the United States has been primarily unmanaged and autono-
mous, as has been the case for the Alaskan west coast communities 
of Shishmaref, Kivalina, Shaktoolik, and Newtok (Bronen 2013; 
Bronen and Chapin 2013; GAO 2009). These communities, hit hard 
by the combination of sea level rise, erosion, and melting perma-
frost, have had to move away without coordinated relocation plans, 
federal agency coordination, or federal financing (Hino, Field, and 
Mach 2017; Bronen and Chapin 2013; GAO 2009). Many residents 
who have left these communities and many who still remain have 
found it challenging to maintain important social ties and support 
networks (Hino, Field, and Mach 2017; Bronen and Chapin 2013; 
Maldonado et al. 2013). And as flood insurance for coastal homes 
increases to reflect the true risk associated with flood-prone prop-
erties, market forces and individual choices could begin to drive 
retreat at the household level (Jarvis 2017). On the other hand, 
managed voluntary retreat, as the Biloxi-Chitimacha-Choctaw 
Native American band is undertaking with federal funding, can be 

costly but less disruptive to a community, ensuring that its resi-
dents conserve their financial resources and preserve their cul-
tural heritage (Lowlander Center and GCR 2015; Kousky 2014). 

These first efforts at retreat have highlighted some of the 
serious challenges to community relocation, including the lack 
of adequate resources; the difficulties of finding and develop-
ing a new, more resilient location; and the difficult social and 
economic adjustments that accompany such a decision (Hino, 
Field, and Mach 2017; Bronen and Chapin 2013; Maldonado 
et al. 2013). Yet they also point to the human capacity for adap-
tation in the face of unprecedented change.

Perhaps the most fundamental of the many factors that 
will challenge retreat efforts is that most people strongly 
prefer to stay in their communities, where family, job secu-
rity, shared culture and history, and faith have accumulated, 
perhaps over generations (Kousky 2014; Agyeman, Devine-
Wright, and Prange 2009). This fact is apparent in the rush to 
rebuild that follows destructive storms. To date, US disaster 
aid, rebuilding, and insurance policies have helped Americans 
to stay where they are, despite the inherent and mounting 
risks of remaining (GAO 2015; GAO 2014; HSRTF 2013).15

Not all adaptation measures—defense, accommodation, 
or retreat—will work everywhere. Many are costly to sustain, 
and rising seas may simply preclude some options (ERG 2013; 
Moser, Williams, and Bosch 2012). When choosing the most 
pragmatic and feasible way forward, communities will need to 
weigh difficult trade-offs, including their tolerance for risk and 
their financial constraints.

15	 Indeed, the Government Accountability Office, which is tasked with accounting for federal agency activities, recommended that the nation needs a federal mitiga-
tion investment strategy to better align and invest taxpayer dollars to mitigate these risks (GAO 2015).

16	 For a full list of adaptation principles, see: Toward Climate Resilience at www.ucsucsa.org/resilience_principles.

17	 For a fuller examination of the wise use of chronic inundation response time, see: www.ucsusa.org/RisingSeasHitHome.

low-income and minority communities, engage residents 
in decisionmaking, and prioritize their needs for resources 
(Moser 2016)16

In each community, preparation for chronic inundation 
will require a progression of steps: assembling solid science 
that outlines the extent and timing of exposure, bringing 
that science to bear on local planning decisions and policies 
affected by sea level rise, and beginning a process of pivot-
ing from business as usual to resilience in a way that takes 
account of growing flood risks. Outlined below are just a 
few sensible steps that different actors, from the federal to 
the individual level, can take, depending on the available 
response time.17

et al. 2014; Burkett and Davidson 2012). Robust federal and 
state policies and resources will be required for communities 
to understand their risks, assess their choices, and implement 
adaptation plans.

The specifics of how individual communities will 
respond will vary depending on their particular circum-
stances and available choices. Nevertheless, there are key 
principles that can apply broadly (Spanger-Siegfried et al. 
2016). Using a science-based approach that prioritizes equi-
table outcomes can help communities and decisionmakers 
make sound choices; common sense would also dictate a 
stop to present policies that put more people and property 
in harm’s way. An equitable approach will focus efforts on 
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be implemented to immediately put a stop to decisions—
such as building in projected inundation zones—that 
will create risk in future decades (Bierbaum et al. 2014; 
Burkett and Davidson 2012). In these areas, state- and 
federal-funded buyout programs could encourage retreat 
by providing favorable terms for early adopters. Such 
programs, by their existence, would force homeowners 
to think differently about their homes’ long-term value 
and the wisdom of staying in place. However, they would 
also require strong oversight to ensure predatory actors or 
practices within the private sector do not influence home-
owner decisions. To avoid unsound decisions as well as 
gradual municipal decline, communities should use this 
timeframe to develop a comprehensive long-term vision. 
This in turn can provide the basis for long-term planning 
that effectively shifts residential and/or commercial 
districts out of future chronic inundation zones while 
maintaining a vibrant local economy and culture. 

•	 In communities that will be chronically inundated 
within a decade or two, a pivot to resilience building 
must happen quickly. Households must have options to 
move, or be moved, away from the riskiest areas. Fair 
and favorable buyout terms at the state and local levels 
can encourage entire neighborhoods to withdraw, as was 
demonstrated by the nearly 300 homeowners in Staten 
Island who sold their homes to the state in a voluntary 
buyout program after Hurricane Sandy (Freudenberg 
et al. 2016; Kensinger 2016; Henderson 2015). Equity pro-
visions for federal funding will be essential in advance 
of major funding dispersals, in the wake of a storm for 
example, to ensure poor and minority communities are 
not further disadvantaged in the rebuilding (Cleetus, 
Bueno, and Dahl 2015; Hayat and Moore 2015).

•	 In communities facing chronic inundation by midcentury, 
planning, zoning, tax incentives, and other measures must 

Figure 14. Aligning Actions with Chronic Inundation Response Time

Communities facing chronic inundation need to adopt a portfolio of actions to prepare and protect themselves. Depend-
ing on their inundation response time, the emphasis they place on different types of actions will differ. Communities 
facing early inundation might place a greater emphasis on immediate bold, transformative actions, whereas those 
facing inundation later this century might focus first on adaptation planning. But at-risk communities should work on 
all fronts in some measure because the challenges are significant and robust early action can help limit harms.

Adaptation 
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out risky actions

Lean in to 
current policies, 
stop risky actions

Bold, 
transformative 
actions

Early-Inundation Action Portfolio 

Later-Inundation Action Portfolio

Today

Today

2030

2030

2060

2060

38 union of concerned scientists



•	 In communities afforded a longer response time, other 
options such as defensive measures may come into play, 
at least initially, as residents try to remain in place and 
buy time (Bierbaum et al. 2014; Moser et al. 2014; ERG 
2013). However, regulatory measures that can immedi-
ately curtail unwise decisions and encourage long-term 
planning that can inform better decisions should also be 
put into place. 

The portfolio of actions that individuals and communi-
ties undertake will need to change as response time shrinks 
and chronic inundation approaches. For a municipality, 
for example, that portfolio may need to shift from analysis 
and planning actions to the execution of managed retreat. 
Again, retirement savings can serve as a useful metaphor. 
Just as people with the means to save for their retirement 
are advised to start early because of the challenges of mak-
ing up for lost time, so individuals and communities should 
begin as early as possible: planning, implementing measures, 
and making investments well in advance of chronic inunda-
tion (Moser et al. 2014; ERG 2013). Just as the investments 
individuals make as they save for retirement need to reflect 

their tolerance for risk, a household or community will need 
to make plans that reflect its tolerance for flooding (Climate 
Central n.d). And just as millions of Americans struggle to 
save for retirement and rely on social safety nets, so will many 
coastal Americans be unable to afford the steps they need 
to take to cope with flooding. To help ensure options remain 
open to these households, government assistance will be 
essential. 
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Along the Louisiana coast, some people—and indeed, entire communities, like the tribal residents of Isle de Jean Charles—are seeking to 
relocate as rising seas and sinking land bring high tide ever closer.

Robust federal and state 
policies and resources 
will be required for com-
munities to understand 
their risks, assess their 
choices, and implement 
adaptation plans.

39When Rising Seas Hit Home



As our nation readies for the significant challenges posed by 
sea level rise and coastal flooding, three categories of policy 
response are critical: 

•	 Halting or phasing out current maladaptive policies and 
measures that perpetuate risky coastal development 

•	 Fostering resilience by using existing policy frameworks 
in ambitious ways with scaled-up funding 

•	 Creating and funding bold new policies and measures that 
respond to the full extent of the challenges communities 
face 

If well planned and resourced, these actions will help 
ensure that coastal communities continue to thrive, albeit in 
an altered form. Failing that, communities will suffer severe 
harm and some, including low-income and minority communi-
ties, will likely bear the brunt of the consequences. Given the 
importance of the coastal economy and way of life to the entire 
country, the ripple effects will be felt far beyond the immediate 
zone of inundation.

PHASING OUT POLICIES THAT ENCOURAGE RISKY 
COASTAL ACTIVITIES

Coastal communities are caught in a struggle to overcome the 
political, social, and economic urge to continue to build and 
rebuild exactly as before, despite the growing risk of chronic 
inundation (Kousky 2014). 

Many current policies—ranging from the National Flood 
Insurance Program (NFIP) to local zoning laws—have features 
that can perpetuate risky development. Subsidized flood insur-
ance premiums encourage homeowners to live in floodplains. 
Federal and state governments often help fund and build 
infrastructure—including roads; bridges; and transit, sewage, 
and water systems—that supports residences and businesses in 
flood-prone areas. Public investments in protective infrastruc-
ture, such as sea walls and levees, or in beach nourishment can 
provide a false sense of security to communities, keeping them 
in place and growing. These types of actions and incentives 
implicitly or explicitly shield coastal communities from the 
full consequences of risky development choices and shift some 
of the costs to other taxpayers. 

Rooting out these maladaptive components of federal, 
state, and local policies is a necessary first step to containing 
exposure to the harms of coastal inundation. It would also cre-
ate opportunities to redirect public funds to actions that could 
truly help protect people and property over the long term. 
Actions should include: 

Box 6.

Policy Responses to the Threat of Chronic Inundation
•	 Updating flood-risk maps to reflect sea level rise projections

•	 Phasing in risk-based flood insurance premiums, while ensur-
ing affordability provisions 

•	 Limiting new development in flood-prone areas 

•	 Halting actions that undermine natural ecosystems that pro-
vide flood protection 

•	 Ensuring that the latest science is reflected in zoning regula-
tions, flood risk management standards, building codes, and 
plans for new coastal development and the construction or 
upgrade of infrastructure. 

BOLSTERING EXISTING POLICIES AND FUNDING 

Currently, our nation’s response to chronic inundation falls short 
because it is handled primarily through the existing disaster 
response framework. Chronic inundation requires a much greater 
emphasis on anticipatory rather than reactionary actions because 
we are faced with predictable, worsening flooding in a wide swath 
of specific coastal areas. Nevertheless, the existing policy frame-
work provides important opportunities, provided the predisaster 
components are enhanced and well-resourced and postdisaster 
rebuilding takes into account climate projections. 

FEMA, the lead agency for disaster response administers pro-
grams such as the Hazard Mitigation Grant Program, pre-disaster 
mitigation grants, Flood Mitigation Assistance, and the Public 
and Individual Assistance Programs, and works closely with state 
and tribal authorities to provide resources to help with disaster 
recovery and rebuilding. Despite the fact that investments in 
predisaster mitigation have a payoff of at least four to one, the US 
significantly underinvests in hazard mitigation programs (Thomas 
and Walther 2014; Rose et al. 2007; MMC 2005). Funding for these 
types of programs must be retained and ramped up to help limit 
the impacts of chronic inundation. FEMA’s innovative concept for 
a Public Assistance (PA) deductible, if implemented, could also 
provide incentives for states to invest more in predisaster mitiga-
tion (FEMA 2017).18 

Federal agencies should work to quickly implement the fed-
eral flood risk management standard, which applies to federally 
funded projects and was recently updated and strengthened to 
account for climate risks (White House 2015a). Other existing poli-
cies and measures that require more investment include funding 
for flood-proofing measures such as home elevation; investments 
in the conservation, sustainable management, and restoration of 
natural ecosystems such as wetlands that provide flood protection; 
funding for large-scale home buyout and relocation programs; 
and implementation of robust flood-risk management standards 
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and building codes nationwide. State Hazard Mitigation Plans 
should explicitly include consideration of climate-related risks, 
as required by FEMA guidance (FEMA 2015). And policies and 
resources must be actively targeted at low-income communities, 
communities of color, tribal communities, and others that have 
been historically marginalized (NAACP 2015; SLTLTFCPR 2014). 

FEMA plays a lead role in flood-risk mapping, which is an 
important feature of the NFIP and is vital for communities’ prepa-
ration for chronic inundation (GAO 2013). The Risk Mapping, 
Assessment, and Planning program, a multiyear effort to review 
and update flood-hazards maps, can help provide information, risk 
assessment tools, and planning resources essential for homeown-
ers, engineers, local planners, and others. Legislation to implement 
the recommendations of FEMA’s Technical Mapping Advisory 
Council and scaled-up funding for NOAA’s Digital Coast program 
would be an important step forward to improve current maps 
and provide data, tools and training for communities (NOAA n.d.; 
TMAC 2016a; TMAC 2016b; TMAC 2015; US Congress 2015). 

However, these efforts are seriously underfunded. An esti-
mated one-sixth of US rivers and coasts have updated flood risk 
maps,19 a deficit that could be corrected nationwide with an invest-
ment on the order of $4 billion over the next 10 years (ASFPM 
2013). In fiscal year 2017, Congress appropriated $178 million for 
flood mapping (US Congress 2017) but the Trump administration’s 
fiscal year 2018 budget proposes to zero this out. FEMA and other 
agencies that play important roles in disaster response and flood 
protection, such as the Department of Housing and Urban Devel-
opment (HUD), the US Army Corps of Engineers (USACE), and the 
US Department of Agriculture (USDA) also need more resources 
and better coordination (GAO 2015). 

Many federal agencies—from the Department of Homeland 
Security to the Department of Defense—have made important 
strides in taking climate change into account in their work (DOD 
2014; DHS 2014; DHS 2013) as well as in assembling tools, data, 
and information to help state and local governments with adapta-
tion planning (US Climate Resilience Toolkit n.d.). The National 
Climate Assessment, undertaken by the US Global Change 
Research Program and conducted on a four-year cycle, is another 
critical source of information for adaptation planning (USGCRP 
n.d.). The fourth assessment is due to be completed in 2018. Small-
scale efforts are underway to help communities already coping 

with damaging effects of climate change, including through 
HUD’s 2016 National Disaster Resilience Competition, NOAA’s 
Coastal Resilience Grants Program, and the USDA’s Rural 
Alaska Villages Grant Programs (HUD 2016; White House 
2015b). These types of efforts by the federal government to 
coordinate and lead our nation’s adaptation response must be 
scaled up and clearly communicated to stakeholders on the 
front lines of chronic inundation. 

BOLD, TRANSFORMATIVE ADAPTATION RESPONSES 

We also need new, bolder, and more comprehensive solu-
tions to bring transformative change to the coasts because our 
responses must reflect the reality that communities may have 
to retreat from the riskiest areas. 

The prospect of retreat and relocation can erode property 
values and local tax bases and cause significant shifts in where 
economic activity takes place—which has important implica-
tions for local jurisdictions and can create significant opposi-
tion to change. Yet, with chronic inundation inevitable in many 
coastal towns and cities, we need to plan ahead and muster the 
resources communities need to thrive in new locations. This 
will require substantially increased federal and state funding 
and coordination. The federal government is uniquely posi-
tioned to provide communities with information, tools, and 
well-resourced programs. 

We need innovative, well-funded programs of commu-
nity retreat, and new economic opportunities and resilient 
infrastructure in the safer locations that people and businesses 
relocate to, perhaps galvanized through public-private coop-
eration. Efforts must also be made to safeguard natural ecosys-
tems and preserve cherished aspects of cultural heritage.

Policy solutions will need to be in place to avoid the whole-
sale abandonment of disadvantaged communities within chron-
ically inundated zones; to prevent the gentrification of poor and 
working-class coastal communities; and to ensure more equi-
table outcomes generally. Disruptive changes also point to the 
need for community governance models capable of managing 
difficult decisionmaking and resolving conflicts in equitable 
ways (Bronen and Chapin 2013; Maldonado et al. 2013).

18	 The PA program provides funding for local, state, and tribal governments to help communities recover from major disasters. If FEMA’s proposed design for 
this deductible is adopted, states would first have to meet a minimum threshold of expenditures before the agency would provide PA program assistance. 
States would be allowed to buy down their deductible through credits earned for qualifying statewide measures that would help build resilience and lower the 
costs of future disasters. Preparing for chronic inundation could be one type of action that earns credits. 

19	 The ASFPM research focused on whether communities have maps that reflect their Base Flood Elevation (BFE). FEMA defines BFE as the computed eleva-
tion to which floodwater is anticipated to rise during a flood that has a one percent chance of being equaled or exceeded in any given year. 
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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.

Rising to the Challenge Together

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 criti-
cal 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 govern-
ment has an essential role to play in marshaling the policies, 
science, and resources needed to support communities adapt-
ing 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 
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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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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).

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 pub-
lished frequency thresholds (Sweet and Park 2014).

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 inunda-
tion 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).

Resilience: The capacity to cope with a hazardous event or distur-
bance. 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).

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

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 uncer-
tain (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 heat-
trapping 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 projec-
tions 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 environ-
mental 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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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 indus-
trial 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.

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