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A B S T R A C T

Sea level rise (SLR) has and will continue to impact coastal communities in the coming decades. Despite the
widespread availability of data on SLR projections, little is known about the differential impact of SLR on
minority or economically disadvantaged populations. In this study, we aim to identify the geographic areas
in which low-income and communities of color along the North and South Carolina coastline in the United
States will experience the most severe effects of SLR. Geospatial mapping was performed to estimate the total
area impacted by 1) SLR, 2) tidal inundation, and 3) low-lying areas separately for three scenarios (0-, 2-, and
4-feet). Findings project that over 2.2 million people and at least 370,000 Black or economically disadvan-
taged individuals will be impacted by SLR by 2100. Results showed that the most economically deprived and
racially segregated communities are already experiencing the effects of SLR, including more frequent tidal
inundation and low-lying flooding. Inland flooding is seven times more likely to occur in low-income Black
communities compared to high-income white communities. Findings highlight the urgent need for addi-
tional resources and adaptive measures that target low-income, black communities who will continue to be
disproportionately impacted by SLR in coastal Carolina.
© 2021 The Authors. Published by Elsevier Masson SAS. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Background

Rising sea levels pose significant threats to coastal communities
[1-3]. One of the most obvious effects of SLR is the increased spatial
extent of flooding at high tide during normal conditions. For this
analysis, we define tidal inundation as the continuous flooding along
the receding shoreline, while inland flooding refers to the sporadic
flooding of low-lying areas further inland. In the Carolinas, projec-
tions indicate that sea levels will rise an estimated 1.3 to 2.4 feet
under a moderate emission scenario and up to 2.0 to 3.6 feet under a
high emissions scenario by 2100 [2,5]. The combined effects of low-
lying topography, subsidence (i.e., sinking of land), and a heavily
developed coastline make North and South Carolina in the United
States particularly vulnerable to tidal inundation and inland flooding.
While the effects of sea-level rise (SLR) will be experienced differ-
ently along the coastline [2], few studies have explored the present
and future impact on low-income and racially segregated non-His-
panic Black communities in the Carolinas.

Although coastal communities must make difficult decisions to
mitigate, adapt, or retreat from receding shorelines [1], there are few
state and federal resources that help measure the impacts of SLR and
develop targeted adaptation plans. Decisions will be made based on
localized impacts and available funds [5], and costs will not be evenly
distributed across coastal populations. Developed beach-front prop-
erty typically has higher property values and more affluent residents,
while more disadvantaged populations tend to reside further inland
and generally have fewer mitigation options due to poverty and
political marginalization [7]. Therefore, SLR’s effects are likely to be
felt harder in low-income communities or communities of color
because they typically don’t have the financial means to employ
expensive mitigation methods, relocate, or repair home-related dam-
ages.

Similar to other climate change threats, SLR acts as a “risk-ampli-
fier” for health impacts by exacerbating existing environmental,
socio-economic, and health disparities. Increased coastal flooding
and storms from SLR create greater health-related challenges for
low-income and minority communities including food security [4,6],
availability of safe, reliable drinking water, loss of infrastructure and
income, and adverse effects on mental health and disease transmis-
sion [8−10] Climate change in addition to race and poverty have
been cited as important social determinants of population health that
influence individual and community-level vulnerability to climate
drivers (e.g., SLR) [11].

Although SLR has been widely studied, there has been consider-
ably less research examining the societal impacts, particularly
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through the lens of poverty and race, at the regional level. The objec-
tive of this study was to quantify the present and future spatial extent
of SLR in coastal North and South Carolina, while capturing the num-
ber of individuals living in extreme poverty and/or racially-segre-
gated communities that will likely be impacted by future SLR
throughout the century.

Methods

Study area

Our study area consisted of the entire coastline for both North and
South Carolina in the United States (Fig. 1). The area was selected
Fig. 1. Study area of the coastline
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based on the region’s susceptibility to tidal inundation and inland
flooding, a heavily developed coastline, and stark contrasts of socio-
economic status among coastal communities. Like other southern
states, NC and SC experience higher poverty rates than the national
average (10.5%), with 13.6% of NC residents and 13.8% of SC residents
living in poverty [19]. In NC the most common minorities are Black
(22.2%) followed by Hispanic (9.8%), whereas SC has a higher Black
population (27%) and smaller Hispanic population (6.0%) [19].

North Carolina’s (NC) coastline can be divided into two provinces
which exhibit distinct geology and very different coastal zones. The
Northern province is classified by gentle gradients and low-lying
slopes, a broad coastal plain and long barrier islands, while the South-
ern province exhibits rocky, steep slopes and short barrier islands [2].
of North and South Carolina.
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The Northern province experiences subsidence of approximately 4
inches per century, and the Southern province exhibits an uplift of
about 1 inch per century [2]. South Carolina’s (SC) coastline gradually
shifts from rocky topography to a large estuarine system with gentler
slopes and short and thick barrier islands [14]. Particularly in the
southern half of SC, which includes the heavily-developed metropoli-
tan area of Charleston, exhibits subsidence as much as 1 inch every
twenty years [15]. SC’s sea level has risen 10 inches since 1950, and
in the last ten years has risen 1 inch every two years [11].

Sea level rise

Inundation is the most expensive and deadly effect of SLR [16],
and areas that are heavily developed with high population density
are most vulnerable [17]. To measure the severity of inundation and
inland flooding, we used the NOAA SLR Database [18], which contains
shapefiles for current 0-ft SLR conditions and 1-foot increments of
projected SLR above current Mean Higher High Water conditions.
These files were constructed by NOAA utilizing Digital Elevation
Models of the area and a tidal surface model that represents spatial
tidal variability [18].

Index of concentration at the extremes

American Community Survey (ACS) 5-year (2015-2019) estimates
for census-tracts were used to calculate the Index of Concentration at
the Extremes (ICE), which quantifies the concentrations of top versus
bottom distributions for racial segregation, income disparities, and
combined racial segregation and income disparities [12,13]. ICE takes
the total population from the most privileged and deprived extremes
to calculate a value that ranges from -1 and 1, where -1 indicates
100% of the population was concentrated in the most deprived group,
Quintile 1 [13]. Unlike other indices that quantify racial and income
inequalities (e.g., the Gini Index, Index of Dissimilarity), ICE is praised
for its effectiveness for analyzing societal distributions across both
small and large spatial scales [13].

In addition to ICE, data on socioeconomic variables were compiled
to estimate the present and future impacts of SLR on social determi-
nants of health in coastal communities [19]. We pulled census varia-
bles that are known to influence vulnerability to exposure and
adaptive responses to climate hazards, such as: poverty status, per-
cent of Black and Hispanic populations, female-headed households,
percentage of children and aging populations (over 65), percentage
of populations with low English proficiency, percent without health
insurance, educational attainment with high school or less, percent-
age of disabled population, and percentage of rented households
[20]. These variables were imported into ArcGIS Pro and joined with
SLR shapefiles for each increment of SLR (0-, 2-, and 4-ft). Files were
clipped using the Clip tool to only display tracts that were impacted
at each increment of SLR.

Risk mapping

Inundation and low-lying shapefiles were used to calculate the
total area that is expected to be flooded at 0-feet, 2-feet, and 4-feet
SLR scenarios. These increments were selected to represent 1) cur-
rent SLR impacts at 0-feet, 2) impacts of SLR as it progresses through-
out the century at 2-feet, and 3) maximum expected SLR impacts by
2100 at 4-feet. We used ACS 5-year estimates to calculate quintiles
for the three ICE metrics in Microsoft Excel, displaying areas with the
highest concentration of racial segregation, income disparities, and
combined racial segregation/income disparities (e.g., Quintile
1 = most deprived and Quintile 5 = least deprived). Using the Clip tool
in ArcGIS [21], we calculated the total extent of inundation within
each ICE quintile. Area calculations of tidal inundation and low-lying
areas were performed separately to determine which plays a larger
3

role within vulnerable communities. This was an iterative process
that required high processing power due to the large size of each SLR
shapefile. We also calculated the number of residents anticipated to
be affected by inundation and low-lying flooding, highlighting loca-
tions where SLR will be most impactful for vulnerable populations.

Results

Present level of SLR

Calculations at 0-feet represent the present level of SLR and the
NC and SC populations that are currently being impacted (Supple-
mental Fig. 1). For the entire study area, nearly 2040 square miles
(mi2) (5283.576km2) are already feeling the effects of SLR, with
1922mi2 (4978km2) resulting from tidal inundation and 117.5mi2

(304.3km2) due to flooding of low-lying areas (Table 1). This trans-
lates to over 2 million Carolina residents currently being impacted by
SLR, with at least 326,000 individuals in the most vulnerable quintile.
Vulnerability based on racial segregation shows that roughly the
same amount of area is affected for both the lowest and highest quin-
tiles (approximately 500mi2/1295km2), while the two metrics for
income disparities and combined racial segregation/income dispar-
ities revealed Quintile 5 (Q5) (i.e., most privileged) exceeding Quintile
1 (Q1) (i.e., least privileged) by at least 100mi2/259km2. Flooding of
low-lying areas alone affected the most vulnerable population (Q1)
by at least twice the rate of the most privileged group (Q5).

2-feet of SLR throughout 21st century

Inundation at 2-feet illustrates the projected impacts of SLR as it
progresses throughout the century (Supplemental Fig. 2). Area calcu-
lations demonstrated a total of 3880mi2 (10049 km2) affected by SLR,
with 3385mi2 (8767 km2) as a result of tidal inundation and nearly
500mi2 (1294 km2) due to flooding of low-lying areas. We estimated
that over 2.1 million Carolina residents will be affected, with at least
340,000 individuals in the most vulnerable quintile (Q1) for all three
ICE metrics (Tables 2.1−2.3). Vulnerability based on racial segrega-
tion revealed that more area will be covered in least vulnerable cen-
sus-tracts (Q5) (924mi2/2393 km2) compared to the most vulnerable
(Q1) (809mi2/2095 km2). However, the combined racial segregation/
income disparities metric showed Q1 exceeding Q5 by 200mi2/518
km2, and Q1 surpassed Q5 by nearly two-fold when examining
income disparities alone (1097mi2/2841 km2 and 556mi2/1440 km2,
respectively). For all three ICE metrics, lowland flooding impacted
vulnerable populations at a much higher rate than tidal inundation,
where Q1 exceeded Q5 by as much as seven times.

4-feet of SLR by 2100

Inundation at 4-feet displays the potential extent of SLR for the
study area by 2100 (Supplemental Fig. 3). Our calculations revealed
that SLR could impact a total of 5147mi2/13330 km2, with approxi-
mately 4464mi2/11562 km2 as a result of tidal inundation and
683mi2 /1769 km2 due to flooding of low-lying areas. By 2100, we
can expect to see over 2.2 million Carolina residents affected by SLR,
and at least 370,000 individuals affected in the least privileged quin-
tile (Q1) (Tables 2.1−2.3). Vulnerability based on racial segregation
estimates that more area will be covered in least vulnerable census-
tracts (1264mi2/3273 km2) compared to the most vulnerable
(985mi2/2551 km2). However, both metrics for income disparities
and combined racial segregation/income disparities revealed Q1 to
be most affected, with over 1500mi2/3885 km2 for income disparities
alone, and over 1000mi2/2590 km2 for combined racial segregation/
income disparities. Flooding of low-lying areas across all three met-
rics will most severely impact less privileged tracts by as much as
300mi2/777 km2.



Table 1
Total Sea Level Rise, Inundation, and Flooding of Low-lying Areas for each of the Index of Concentration of Extreme Metrics: Racial
Segregation, Income Disparities, and Racial Segregation & Income Disparities for North and South Carolina (Square Miles). Final col-
umn represents the level of disproportionate impacts between Q1 (least privileged) and Q5 (most privileged) by subtracting Q1 from
Q5.

Sea Level Rise: Total Inundation and Flooding of Low-lying Areas (Sq Mile)

Total Quintile 1
(least privileged)

Quintile 2 Quintile 3
(moderate)

Quintile 4 Quintile 5
(most privileged)

Disproportionate
Impacts: Q1-Q5

RACE
0ft 2,039.9 521.0 501.4 172.2 220.7 546.0 -25.0
2ft 3,879.5 809.1 1352.9 285.2 409.3 923.8 -114.8
4ft 5,147.1 986.0 1898.0 365.5 523.0 1264.3 -278.3
INCOME
0ft 2,039.9 336.2 359.8 520.5 296.5 439.5 -103.3
2ft 3,879.5 1096.6 628.1 985.4 482.2 555.6 541.0
4ft 5,147.1 1559.4 821.8 1336.7 653.1 660.5 898.9
RACE + INCOME
0ft 2,039.9 336.2 534.4 276.8 328.1 481.4 -145.1
2ft 3,879.5 808.0 1164.8 531.0 706.9 604.9 203.1
4ft 5147.1 1094.7 1516.0 692.7 1017.2 707.6 387.1
Inundation (Sq Mile)

Total Quintile 1
(least privileged)

Quintile 2 Quintile 3
(moderate)

Quintile 4 Quintile 5 (most
privileged)

Disproportionate
Impacts: Q1-Q5

RACE
0ft 1922.4 492.1 438.5 166.8 216.4 530.6 -38.5
2ft 3384.7 734.0 1076.9 262.7 383.8 834.7 -100.6
4ft 4464.4 871.5 1556.7 323.1 478.6 1134.9 -263.3
INCOME
0ft 1922.4 294.5 336.3 491.6 290.6 431.5 -137.0
2ft 3384.7 853.4 555.7 883.7 446.3 522.6 330.7
4ft 4464.4 1259.0 712.9 1199.0 595.2 598.6 660.4
RACE + INCOME
0ft 1922.4 310.6 482.1 260.3 314.9 474.1 -163.5
2ft 3384.7 696.0 950.6 480.2 626.6 576.0 120.1
4ft 4464.4 931.0 1257.7 618.0 902.1 653.0 278.0
Flooding of Low-Lying areas (Sq Mile)

Total Quintile 1
(least privileged)

Quintile 2 Quintile 3
(moderate)

Quintile 4 Quintile 5 (most
privileged)

Disproportionate
Impacts: Q1-Q5

RACE
0ft 117.5 28.9 62.9 5.4 4.3 15.4 13.5
2ft 494.9 75.1 276.0 22.5 25.5 89.2 -14.1
4ft 682.6 114.4 341.3 42.4 44.5 129.4 -15.0
INCOME
0ft 117.5 48.4 23.5 28.9 5.9 8.0 40.4
2ft 494.9 243.2 72.4 101.7 35.9 33.0 210.2
4ft 682.6 300.3 108.9 137.7 58.0 61.8 238.5
RACE + INCOME
0ft 117.5 25.6 52.3 16.5 13.2 7.3 18.4
2ft 494.9 111.9 214.2 50.8 80.3 28.9 83.0
4ft 682.6 163.7 258.3 74.7 115.1 54.7 109.1

Table 2.1
Total population and least and most privileged populations (Q1, Q5) affected by 0-, 2- and 4-feet of Sea Level Rise for the Index of Concentration of Extreme Metrics:
Racial Segregation. *Q1= most privileged; Q5=least privileged

Total Populations Affected by 0-ft SLR Total Populations Affected by 2-ft SLR Total Populations Affected by 4-ft SLR

Total Impact Q1 (least
privileged)

Q5 (most
privileged)

Total Impact Q1 (least
privileged)

Q5 (most
privileged)

Total Impact Q1 (least
privileged)

Q5 (most
privileged)

Total Census-tracts 477 102 116 502 106 121 524 113 122
Total Population: 2,049,906 343,591 403,663 2,164,117 357,555 416,777 2,277,089 398,772 428,972
Total Population: Under 5 Years 114,527 20,466 17,496 121,562 21,525 17,832 127,624 24,412 17,832
Total Population: Under 18 414,909 74,747 71,533 438,355 78,854 72,637 461,559 89,504 72,929
Total Population: Over 65 389,758 59,398 110,908 413,090 60,808 115,863 435,730 65,445 125,482
Total Population: Black or African
American Alone

443,021 191,002 8,692 463,193 198,508 8,920 493,973 216,793 9,259

Total Population: Hispanic or Latino 130,909 23,817 11,418 139,376 25,411 11,877 150,955 32,130 12,010
Low English Proficiency 89,619 18,672 8,044 96,979 20,122 8,529 110,495 27,658 8,925
Total Rented Population 617,159 137,615 76,243 658,783 145,541 79,974 705,033 169,772 80,517
Total Population: Poverty Status 280,999 80,698 29,081 299,270 84,557 29,977 319,082 95,137 30,429
No Health Insurance Coverage 211,692 48,553 28,876 227,248 51,800 30,159 242,703 60,208 30,597
Female-Headed Household 94,153 27,112 11,226 99,532 28,272 11,618 106,302 31,751 11,834
Education: High School or Less 480,664 116,625 66,704 509,514 121,138 69,958 536,424 133,251 72,163
Total Population: With Disability 290,781 57,653 51,640 309,054 59,423 54,162 325,124 64,324 57,481

L.R. Handwerger, M.M. Sugg and J.D. Runkle The Journal of Climate Change and Health 3 (2021) 100028

4



Table 2.2
Total population and least and most privileged populations (Q1, Q5) affected by 0-, 2- and 4-feet of Sea Level Rise for the Index of Concentration of Extreme Metrics:
Income Disparities. *Q1= most privileged; Q5=least privileged

Total Populations Affected by 0-ft SLR Total Populations Affected by 2-ft SLR Total Populations Affected by 4-ft SLR

Total Impact Q1 (least
privileged)

Q5 (most
privileged)

Total Impact Q1 (least
privileged)

Q5 (most
privileged)

Total Impact Q1 (least
privileged)

Q5 (most
privileged)

Total Census-tracts 477 84 104 502 89 110 524 97 113
Total Population: 2,049,906 326,055 492,783 2,164,117 344,130 524,179 2,277,089 379,958 535,382
Total Population: Under 5 Years 114,527 17,281 25,140 121,562 18,299 27,341 127,624 20,911 27,859
Total Population: Under 18 414,909 65,149 96,909 438,355 68,922 103,744 461,559 77,503 106,213
Total Population: Over 65 389,758 54,415 109,195 413,090 58,761 113,626 435,730 63,039 115,353
Total Population: Black or African
American Alone

443,021 145,161 35,772 463,193 151,460 41,733 493,973 165,659 43,242

Total Population: Hispanic or Latino 130,909 25,702 19,416 139,376 27,435 21,385 150,955 32,350 22,157
Low English Proficiency 89,619 18,027 12,025 96,979 19,441 14,027 110,495 24,843 15,410
Total Rented Population 617,159 144,470 92,427 658,783 153,763 99,081 705,033 176,178 101,441
Total Population: Poverty Status 280,999 86,683 26,236 299,270 91,770 28,133 319,082 102,572 28,848
No Health Insurance Coverage 211,692 44,121 29,404 227,248 48,015 32,176 242,703 54,285 32,915
Female-Headed Household 94,153 23,543 12,911 99,532 24,852 13,724 106,302 27,629 14,003
Education: High School or Less 480,664 100,560 66,681 509,514 106,411 71,473 536,424 115,680 73,343
Total Population: With Disability 290,781 53,180 48,585 309,054 56,196 51,825 325,124 60,766 53,202

Table 2.3
Total population and least and most privileged populations (Q1, Q5) affected by 0-, 2- and 4-feet of Sea Level Rise for the Index of Concentration of Extreme Metrics:
Combined Racial Segregation & Income Disparities. *Q1= most privileged; Q5=least privileged

Total Populations Affected by 0-ft SLR Total Populations Affected by 2-ft SLR Total Populations Affected by 4-ft SLR

Total Impact Q1 (least
privileged)

Q5 (most
privileged)

Total Impact Q1 (least
privileged)

Q5 (most
privileged)

Total Impact Q1 (least
privileged)

Q5 (most
privileged)

Total Census-tracts 477 82 110 502 85 114 524 91 117
Total Population: 2,049,906 333,964 473,953 2,164,117 343,721 483,364 2,277,089 373,867 502,008
Total Population: Under 5 Years 114,527 19,562 22,589 121,562 20,231 22,925 127,624 22,731 23,119
Total Population: Under 18 414,909 72,533 89,503 438,355 75,337 90,492 461,559 83,708 92,271
Total Population: Over 65 389,758 56,436 115,745 413,090 57,471 118,625 435,730 61,141 129,285
Total Population: Black or African
American Alone

443,021 175,833 25,894 463,193 181,901 26,065 493,973 195,081 27,282

Total Population: Hispanic or Latino 130,909 22,616 17,081 139,376 23,661 17,426 150,955 28,424 17,799
Low English Proficiency 89,619 16,883 11,538 96,979 17,997 12,003 110,495 23,357 12,524
Total Rented Population 617,159 146,538 89,328 658,783 152,892 92,151 705,033 172,685 93,181
Total Population: Poverty Status 280,999 88,224 27,930 299,270 91,402 28,405 319,082 100,539 29,178
No Health Insurance Coverage 211,692 47,533 27,763 227,248 50,189 28,680 242,703 56,229 29,410
Female-Headed Household 94,153 27,093 12,264 99,532 27,996 12,500 106,302 30,684 12,828
Education: High School or Less 480,664 110,738 63,746 509,514 114,192 65,693 536,424 123,104 68,944
Total Population: With Disability 290,781 56,734 48,888 309,054 57,928 50,303 325,124 61,949 54,511
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Social determinants of health

In general, when looking across the three separate SLR scenarios,
results showed that a higher proportion of vulnerable residents (e.g.,
Black, Hispanic, limited English proficiency, financially poor, unin-
sured, in rental housing, high school or less education, female-headed
households) were in the most vulnerable quintiles. Not surprisingly,
results revealed communities in the least privileged quintile (Q1)
exceeded the most privileged (Q5) by as much as nearly four times
for Black and Hispanic/Latino populations, low English proficiency,
individuals living in poverty, and female-headed households
(Tables 2.1-2.3).

Discussion

In this study, we identified low-income and communities of color
along the Carolina coastline that are expected to experience the most
severe effects of SLR-related tidal inundation and inland flooding.
Health impacts of sea level rise include increased risk for flood-
related drowning, injury, indoor mold outbreak and respiratory ill-
nesses, relocation and housing instability, disruptions to critical infra-
structure and adverse pregnancy (e.g., low birth weight) and mental
health impacts, and post-event disease transmission (e.g., water-
borne, vectorborne) [22]. Low-income communities with a greater
5

proportion of residents who are Black or Hispanice, un(der)insured,
unemployed, and reside in flood prone and substandard housing
developments will continue to experience greater vulnerability to
SLR. While present tidal inundation (0-ft) affects high-income, white
communities and low-income, Black communities roughly equally,
as SLR progresses throughout the century, impacts grow increasingly
disproportionate by as much as two-fold for low-income alone and
low-income Black coastal communities at 2- and 4-ft of SLR (Fig. 2).
The disparate impact of SLR on economically disadvantaged and
racially segregated Black communities becomes even more dramatic
when examining flooding of low-lying areas. In the near term, by
around mid-century, results showed that 2-ft of SLR is expected to
increase 700% for low-lying flooding in the most economically disad-
vantaged, Black communities compared to economically advan-
taged, white communities. While there are some risk-mapping
tools currently available, none to date allow for the examination
of community-level SLR impacts at the intersection of extreme
racialized and economic segregation. To our knowledge, this is
the first geospatial analysis to examine the impacts of SLR
through an equity lens that sheds light on how the low-income
and racially segregated, Black communities along the Carolina
coast are particularly vulnerable to SLR in the form of tidal inun-
dation and inland flooding. The most vulnerable subgroups
included Black, Hispanic, or limited English proficiency residents,



Fig. 2. Spatial vulnerability for least privileged (Q1) verses most privileged (Q5) for the Index of Concentration at the Extremes of Racial Segregation and Income Disparities at the
census tract for a.) 0-feet b.) 2-feet and c.) 4-feet of Sea Level Rise.
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as well as the financially poor, uninsured, those in need of afford-
able housing, and female-headed households.

Confirming our hypothesis, inland flooding impacts the most
racially segregated and economically disadvantaged communities.
Prior research has shown that more disadvantaged groups are typi-
cally located further inland, outside of cities and tourist destinations
[e.g., 7]. A few studies have examined the compounding social and
physical stressors behind increased vulnerability to SLR [4,23], but
too few have narrowed in on the structural causes, like residential
segregation (a proxy for structural racism [24]) behind the inequita-
ble impacts of SLR. Local adaptive responses to rising sea levels can
no longer remain colorblind and must acknowledge the racialized
history behind coastal formation and the historical and present sys-
temic causes of differential vulnerability and structuring of racial
inequality [25]. Racial and economic segregation are two important
drivers that independently and jointly contributed to the dispropor-
tionate impact of SLR in coastal Carolina communities.

We identified the northernmost counties in NC and southern half
of SC as the most at-risk communities (Supplemental Figs. 4 and 5).
These areas exhibited high potential for the most extensive impacts
of SLR, as well as high rates of both racial segregation and income
inequalities. It is likely many communities in these locations will suf-
fer mitigation challenges as a result of geographic isolation and politi-
cal marginalization. Conversely, the heavily developed coastline
contains high population density with stark socioeconomic contrasts
across the metropolitan area. These contrasts highlight how the cost
of SLR will not be evenly distributed across coastal communities.
Total expenses in SC could exceed $22 billion by 2100 for building
6

over 3,000 miles of seawalls, and NC has estimated $34 billion for
5,320 miles of seawalls along the coastline [26]. Dare County, NC,
which contains the Outer Banks tourist destination and consistently
ranked in high privilege quintiles for all three ICE metrics, estimates
a needed $5.4 billion for coastal protection [26]. Meanwhile, Tyrrell
County, NC, which consistently ranked in the most deprived quintiles
for all three ICE metrics will also be severely impacted by SLR with
the estimated cost of SLR mitigation projected to be approximately
$1 billion. The stark contrast in costs between the most and least
privileged coastal communities highlights how SLR protection will
not be equally distributed in low-income communities and commu-
nities of color. It is important to note that these estimates only con-
sider coastline protection and do not fully account for all anticipated
expenses in protecting communities from SLR such as elevating
buildings, insurance, utilities, healthcare and community prepared-
ness, telecommunications, transportation, environmental protection
and remediation, and water and wastewater [26]. These additional
expenses will likely further exacerbate the inequalities in exposure
to SLR among affluent and disadvantaged communities in the Caroli-
nas [27].

Strengths and Limitations

There were some limitations with this study. SLR shapefiles were
extremely large and required high processing power which may
have resulted in a small margin of error in area calculations. ACS cen-
sus data also contains margins of error, and therefore, our population
totals were estimates and should not be interpreted as a precise level
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of impact. Moreover, population estimates were pulled from current
ACS data, and do not account for anticipated population changes that
will occur throughout the century. It is likely that there will be sub-
stantial changes to our estimations of the populations affected by SLR
at 2- and 4-ft. Additionally, shapefiles did not show depth of inunda-
tion, so we were unable to determine the severity of inundation.
Future studies should consider examining inundation depth in order
to more accurately assess how inhabitable some of these coastal
areas may become. Nevertheless, our results highlight the dispropor-
tionate impact of SLR on historically underserved communities, and
addresses the need to target mitigation plans towards the most vul-
nerable and economically-disadvantaged communities.

Conclusion

SLR will inevitably continue to impact the Carolina coastline. Our
analysis showed that many low-income and primarily Black commu-
nities are already being affected by SLR and will continue to experi-
ence more severe effects in the future. Poverty and residential
segregation were two important drivers that independently and
jointly contributed to the disproportionate impact of current and
future SLR on vulnerable populations in coastal Carolina communi-
ties. In order to effectively address climate injustice, more work is
needed to ensure that all communities' voices are being represented
and elevated in the decision-making and planning process to achieve
equitable and holistic climate change resilience in coastal communi-
ties. Results demonstrated the disproportionate exposure to SLR in
some economically-disadvantaged and Black communities, and iden-
tified high-risk areas along the coast of North and South Carolina in
need of more targeted mitigation plans. Findings highlight the urgent
need for additional resources and adaptive measures that target low-
income, black communities who already are and will continue to be
disproportionately impacted by SLR in coastal Carolina.
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