1 Alarge area of U.S. coastal
land and property is at risk
of inundation from global
sea level rise, and an even
larger area is at risk of
damage from storm surge,
which will intensify as sea
levels continue to rise.

2 Without adaptation, unmiti-
gated climate change is
projected to result in
$5.0 trillion in damages for
coastal property in the
contiguous U.S. through
2100 (discounted at 3%).
Protective coastal adapta-
tion measures significantly
reduce total costs to an
estimated $810 billion.

3 Global GHG mitigation
reduces adaptation costs
for coastal areas, but the
majority of benefits occur
late in the century.

4 Areas of higher social
vulnerability are more
likely to be abandoned
than protected in response
to unmitigated sea level
rise and storm surge.

GHG mitigation decreases
this risk.
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Climate Change and
Coastal Property

Areas at risk from sea level rise and
storm surge in the Tampa Bay area
- | in 2100 under the Reference scenario
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Coastal areas in the U.S. are some of the most
densely populated, developed areas in the
nation, and they contain a wealth of natural
and economic resources. Rising temperatures
are causing ice sheets and glaciers to melt and
ocean waters to expand, contributing to global
sea level rise at increasing rates. Sea level rise
threatens to inundate many low-lying coastal
areas and increase flooding, erosion, wetland
habitat loss, and saltwater intrusion into
estuaries and freshwater aquifers. The com-
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Risks of Inaction

Sea level rise and storm surge pose increasingly large risks to coastal property, including costs
associated with property abandonment, residual storm damages, and protective adaptation
measures (e.g., elevating properties and armoring shorelines). As shown in Figure 1, the analysis
estimates that under the Reference scenario the cumulative damages to coastal property across
the contiguous U.S. will be $5.0 trillion through 2100 (discounted at 3%) if no adaptation
measures are implemented. If adaptation measures are taken, these damages are reduced to
$810 billion. Projections of increasing risks of sea level rise and storm surge for coastal property,
and of the potential for adaptation to reduce overall costs, are consistent with the findings of the
assessment literature.”’ The graphic above illustrates the importance of these potential impacts
at a local scale by identifying at-risk land in the Tampa Bay, FL area. In this locale, approximately
83,000 acres are projected to be at risk of inundation due to sea level rise by 2100, and an
additional 51,000 acres are projected to be at risk of significant storm surge. The total area at
risk (130,000 acres) is approximately one and a half times the size of the City of Tampa.

Figure 1. Costs of Sea Level Rise and Storm Surge to Coastal Property
with and without Adaptation under the Reference Scenario
The step-wise nature of the graph is due to the fact that storm surge risks are evaluated every ten years,
beginning in 2005. Costs with adaptation include the value of abandoned property, residual storm
damages, and costs of protective adaptation measures (trillions 20145).
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Reducing Impacts through
GHG Mitigation

Under the Mitigation scenario, total costs (i.e., property damages and protective investments)
across the contiguous U.S. are estimated at $790 billion through 2100 (discounted at 3%), about
3% less than the Reference scenario.”® The effect of global GHG mitigation in reducing adapta-
tion costs is modest and is likely underestimated in this analysis for several reasons. First, as
described in the CIRA Framework section, global sea level rise is similar under the Reference and
Mitigation scenarios through mid-century. It is not until the second half of the century when the
benefits of reduced sea level rise under the Mitigation scenario become apparent. Further, the
proportional effect of global GHG mitigation in reducing the rate of sea level rise is smaller
under the CIRA scenarios compared to other scenarios in the literature.?

Second, when considering the present value total cost under the Reference and Mitigation
scenarios, avoided adaptation costs accrued in later years are more heavily affected by discount-
ing.2° Third, the analysis assumes that coastal areas will implement cost-efficient and well-timed
adaptation measures in response to the risks under both the Reference and Mitigation scenarios.
Since many parts of the coastline are not sufficiently protected today, and because adaptation
measures that are taken are oftentimes not well-timed, the CIRA estimates for this sector likely
underestimate damages. For comparison purposes, the benefits of global GHG mitigation
increase by a factor of ten if adaptation measures are not implemented.

Figure 2 shows the costs of adaptation for coastal properties (including the value of properties
that are abandoned due to the severity of sea level rise or storm surge damages) for 17 key sites
under the Reference and Mitigation scenarios. As shown, costs are only modestly lower under
the Mitigation scenario. Costs vary across sites primarily due to the value of property at risk
and the severity of the storm surge threats. For example, adaptation costs are comparatively
higher in sites, such as Tampa and Miami, where there are many high-value properties in
low-lying areas and high levels of storm surge are projected in the future.

Figure 2. Costs to Coastal Property of Sea Level Rise and
Storm Surge through 2100
Costs are shown for 17 multi-county coastal areas that were modeled for sea level rise and
storm surge impacts and potential adaptation response (billions 2014S).
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The CIRA analysis identifies at-risk coastal
property across the contiguous U.S. and
estimates the costs that would be incurred
due to climate change, with and without
adaptation. Importantly, impacts to other
coastal assets (e.g., roads and ecological
resources) are not estimated in this analysis.
The analysis relies upon sea level rise
projections through 2100°' that account for
dynamic ice-sheet melting based on a
semi-empirical model,*? and are adjusted
for regional land movement using local tide
gauge data.* The analysis then uses a
tropical cyclone simulator®** and a storm
surge model* to estimate the joint effects
of sea level rise and storm surge for East
and Gulf Coast sites, and an analysis of
historic tide gauge data to project future
flood levels for West Coast sites.*®

Using EPA’s National Coastal Property
Model, the CIRA analysis estimates how
areas along the coast may respond to sea
level rise and storm surge and calculates
the economic impacts of adaptation
decisions (i.e., damages due to climate
change). The approach uses four primary
responses to protect coastal land and
property: beach nourishment; property
elevation; shoreline armoring; and
property abandonment. The model
projects an adaptation response for areas
at risk based on sea level rise, storm surge
height, property value, and costs of
protective measures. Developed using a
simple metric to estimate potential
adaptation responses in a consistent
manner for the entire coastline, the
estimates presented here should not be
construed as recommending any specific
policy or adaptive action. Further, addition-
al adaptation options not included in this
analysis, such as marsh restoration, may be
appropriate and potentially more cost-ef-
fective for some locales. The analysis also
explores the potential impact of climate
change on socially disadvantaged
populations (see the Environmental Justice
section of this report).

For more information on the CIRA
approach and results for the coastal
property sector, please refer to Neu-
mann et al. (2014a)*’ and Neumann et
al. (2014b).*®
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uilding on the coastal property impacts described in the previous section, this
analysis examines the environmental justice implications of projected sea level rise
and storm surge in the contiguous U.S. Specifically, the approach quantifies how sea
level rise and storm surge risks are distributed across different socioeconomic populations
along the U.S. coastline; how these populations are likely to respond; and what adaptation
costs (i.e., property damage and protection investments) will potentially be incurred.

The Social Vulnerability Index

The CIRA analysis uses the Social Vulnerability Figure 1. Social Vulnerability Index for the Coastal U.S.

Index (SoVI) to identify socially vulnerable Census tract-level SoVl values are regionally normalized to allow for comparisons of the SoVI scores within each

area. Areas with low SoVI scores (i.e., people with lower social vulnerability) are shaded in green and areas with
higher SoVl scores (i.e., people with greater social vulnerability) are shaded in pink.

coastal communities in the U.S.3 SoVI was
developed to quantify social vulnerability
using county-level (and later Census
tract-level) socioeconomic and demographic
data. The index is a well-vetted tool, and does
not include any environmental risk factors,
thereby eliminating the risk of double
counting climate risk when socioeconomic
and demographic data are combined with sea
level rise and storm surge vulnerability.*The
CIRA analysis uses Census tract-level SoVI
values based on 2000 Census data for 26
demographic variables, capturing informa-
tion on wealth, gender, age, race, and
employment. Figure 1 shows the SoVI index
values for the four coastal regions used in the
analysis: Pacific (California through Washing-
ton), North Atlantic (Maine through Virginia),
South Atlantic (North Carolina through
Monroe County, Florida), and Gulf (Collier
County, Florida through Texas).

SoVI
I <-1.5 (Low Vulnerability)
-14t0-0.5
[]-04t00s
0.6to 1.5
- >1.5 (High Vulnerability)
- No Data
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Case Study: Tampa Bay Area

EPA's National Coastal Property Model identifies areas Figure 2. Social Vulnerability of Areas at Risk from Sea Level Rise and
along the contiguous U.S. coastline that are likelytobe ~ Storm Surge in the Tampa Bay Area by 2100 under the Reference Scenario
at risk from sea level rise and storm surge through SoVi

2100.4"42 By layering these projections on top of the <-1.5 (Low Vulnerability) ol . .,

SoVl results, following the approach described in -14t0-05

Martinich et al. (2013),% the analysis assesses the []-04t005

06to 1.5
0 >1.5 (High Vulnerability)

e |nland boundary of area

potential impact of sea level rise and storm surge on
socially disadvantaged populations in coastal areas.

Figure 2 presents a case study of the Tampa Bay, Florida j‘ ;‘;:g;ﬂgg‘j‘a”‘ storm
u
area (Pinellas and Hillsborough Counties). The area from  —— inland boundary of area

at risk of inundation due
to sea level rise

the water to the gray lines represents the projected area
at risk of inundation due to sea level rise, while the area
from the water to the black lines represents projected
areas at risk from significant storm surge damage in
2100.* As shown, there are areas with higher socially
vulnerable populations (pink shading) near the city of
Tampa, in particular, that are projected to be at risk of
significant storm surge damages.

National Results

Figure 3 compares the number of people in the 17 multi-county The model estimates whether people living in coastal areas are likely
coastal areas (see previous section for locations) identified as at risk to respond to climate threats by: 1) protecting property through
due to climate change under the Reference and Mitigation scenarios, beach nourishment, property elevation, or shoreline armoring; 2)
by SoVI category. As shown, the Mitigation scenario reduces the abandoning property, or 3) incurring storm surge damages without
number of at-risk people compared to the Reference scenario for all adapting. Figure 4 presents the adaptation results, by area, for the five
SoVI categories. The benefits of global GHG mitigation are particularly ~ SoVI categories in the Reference. More area is likely to be abandoned
high for the population identified by the SoVI as most socially than protected across all social vulnerability categories. However, in
vulnerable; for this population, the number of at-risk people is reduced the most vulnerable SoVI categories (0.6-1.5 and greater than 1.5), a
by 23% under the Mitigation scenario compared to the Reference. relatively larger proportion of the area inhabited is likely to be

The CIRA analysis also projects adaptation responses based on sea abandoned (89% and 86%, respectively) rather than protected

level rise, storm surge height, property value, and costs of adaptation.*  through adaptation measures (8% and 10%, respectively).

Figure 3. Social Vulnerability of Populations at Risk Figure 4. Adaptation Measures by
from Sea Level Rise and Storm Surge through 2100 SoVI Category under the Reference Scenario
with and without Global GHG Mitigation

Vulnerability estimated in 17 multi-county coastal areas in the contiguous U.S.,
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