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EXECUTIVE SUMMARY

Of the numerous problems posed by climate change, one of the most pressing, especially

for urban areas, is sea level rise. In New York City and the surrounding area, sea levels have

risen an average of 1.2 inches per decade since 1900, for a total of about one foot over the

course of the past century: approximately double the observed global average.

In January of this year, the New York City Panel on Climate Change (NPCC) released its

second climate assessment for the City, providing updated projections. The report outlines

potential rates of sea level rise by decade until 2100, as well as corresponding flood heights

and likelihood of 100-year flood events. The more than six feet projected under the high

estimate scenario presents very serious implications for the City and its coastal inhabitants,

as well as those living in the future projected flood zone, which would expand in South

Queens and Southern Brooklyn more than any other area.

Vulnerable populations bear significant hardships that make preparing for and surviving

extreme weather events particularly difficult. This report seeks to answer the questions:

 Which neighborhoods in South Queens and Southern Brooklyn are at risk from
coastal flooding in a 100-year flood event given the NPCC’s recent high estimate sea
level rise projections?

 How can these neighborhoods be categorized in terms of social vulnerability?
 How do current and proposed City resiliency efforts compare across neighborhoods?

Is there a bias towards wealthier/less vulnerable neighborhoods?
 If so, how might the City take a more equitable approach to resiliency planning?

Some key findings are that, in terms of vulnerability, the study area is incredibly diverse;

while some neighborhoods are either secure or vulnerable across all variables, most present

an array of strengths and weaknesses; compared nationally, New York is a very vulnerable

city, with significant gaps that need to be addressed; and the 2013 SIRR report was not

biased in its proposals, although in future resiliency planning certain areas warrant

increased attention, and initiatives should be more tailored to specific neighborhood

vulnerabilities. These findings are followed by a series of recommendations at the end of

the report.
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INTRODUCTION

Of the numerous problems posed by climate change, one of the most pressing, especially

for urban areas, is sea level rise.1 Sea level rise poses significant challenges for the world’s

coastal cities, such as more frequent tidal inundation2; saltwater contamination of

important groundwater sources; disruption of economic activity; health problems related to

mold exposure;3 increased storm surge during extreme weather events; as well as the

potential long-term displacement of coastal inhabitants. Given projected urbanization rates

and the preponderance of large urban areas along the world’s coastlines, it is fair to say that

a significant number of people will be affected by sea level rise in the coming decades, an

issue of great concern for municipal governments.

Climate change-induced sea level rise is caused or augmented by a number of factors. As

greenhouse gases (GHGs) such as carbon dioxide and methane are emitted into the

atmosphere, average global temperatures rise, contributing to the melting of ice in such

areas as Antarctica and Greenland, and thus raising sea levels. Furthermore, the oceans act

as carbon sinks, absorbing much of the excess carbon dioxide emitted by human industrial

and agricultural activities; as this carbon is absorbed, average ocean temperatures increase,

causing the water to expand. This expansion causes sea levels to rise, as well. Finally,

centuries of development in urban areas as well as the extraction of groundwater have

caused substantial land subsidence, or “settling”; though this does not directly cause sea

levels to rise, per se, it does put coastal cities at a greater risk.

Globally, it has been observed that sea levels have risen by approximately 0.5 to 0.7 inches

per decade since 1900, accelerating to 1.3 inches per decade beginning in the 1990s.

Projecting future sea level rise is an imperfect science, as much of it depends on how much

GHGs we continue to emit into the atmosphere, as well as the possibility of reaching certain

unknowable tipping points and setting in motion “positive feedback loops,” such as rapid

irreversible ice melt. Despite these unknowns, it is generally accepted that a certain amount

of climate change and sea level rise is “locked in,” as carbon dioxide, once emitted, remains

in the atmosphere for hundreds of years.4 This essentially guarantees future climate change

even if the world were to decarbonize immediately. Under a “business as usual” scenario,
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sea levels can be expected to rise considerably. These are the sorts of low, medium, and

high estimates scientists use when projecting future sea level rise.

The task of preparing against sea level rise is a monumental one, and it will fall largely to

cities as they become home to an increasingly larger segment of the world’s population.5 Of

particular concern for city governments should be the issue of social vulnerability (with

“vulnerable” defined as “the old and the very young; women; those with preexisting

physical, mental, or substance-abuse disorders; members of disadvantaged racial/ethnic

groups; workers engaged in recovery efforts; and those with weak social networks”6 by the

New York City Panel on Climate Change). Though rising waters may be indifferent to such

factors as income, age, or education level, it is the most vulnerable in these categories who

suffer disproportionately in extreme weather events,7 and it should be the priority of city

governments to incorporate these communities into flood resiliency planning.

PROBLEM STATEMENT and RESEARCH QUESTIONS

In New York City and the surrounding area, sea levels have risen an average of 1.2 inches

per decade since 1900, for a total of about one foot over the course of the past century:

approximately double the observed global average. This phenomenon is attributable to both

land subsidence as well as climate change factors.8 Furthermore, future sea level rise

projections for New York City are greater than the global average projections due to a

forecasted weakening of the Gulf Stream.9 These projections place New York, an exposed

coastal city situated across three low-lying islands (as well as the mainland Bronx), in a

particularly vulnerable situation. This vulnerability was demonstrated most dramatically

when Hurricane Sandy made landfall on October 29, 2012.

Hurricane Sandy was an unusual storm in that it arrived almost precisely when waters in the

Atlantic and New York Harbor were at their “spring high tide,” an event which occurs when

the full moon causes tides to rise up to a half a foot higher than normal.10 Its path westward

towards the mainland was also unusual; typically, hurricanes and nor’easters in the area

follow the coastline before blowing east out to sea. (There is some speculation that climate

change, affecting air currents and air pressure, may have played a role in the path Sandy

took, though these claims are still unsubstantiated). This unique confluence of factors made
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Sandy a much more impactful storm

than it otherwise may have been,

raising flood heights to 14 feet in parts

of Staten Island and downtown

Manhattan, and inundating an area

well beyond that accounted for by the

FEMA Flood Insurance Rate Maps

(FIRMs) that were in use at the time.11

Also important to note is the social vulnerability aspect of the storm. Of the 44 New Yorkers

who lost their lives, approximately half were senior citizens caught unprepared by the

floodwaters, and about 18% of those living in the floodplain were classified as below

poverty level.12 Such populations are not only less equipped to prepare for and ride out

extreme events such as floods, but to recover from them, as well.

Although Sandy was an atypical storm, it serves as a warning of what a typical storm in a

future of rising seas may look like, as well as a reminder of the unequal impact extreme

weather events have on vulnerable populations.

Future Sea Level Rise Projections

The New York City Panel on Climate Change (NPCC) was convened in 2008 by former Mayor

Michael Bloomberg to make climate projections for the area and advise the City on such

factors as temperature, precipitation, and sea level rise. In January of this year the NPCC

released its second assessment, providing updated projections and painting a portrait of a

hot, rainy, and flood-prone New York; these projections are the basis of this research paper.

Fig. 1 - Sandy inundation area (Source: City of New
York, “A Stronger, More Resilient New York”)



Chris Barrett

7Sea Level Rise and Social Vulnerability in South Queens and Southern Brooklyn

LOW ESTIMATE MIDDLE ESTIMATE HIGH ESTIMATE
Sea
Level
Rise

Chance
of 100-
Year
Flood

Potential
Flood
Heights

Sea
Level
Rise

Chance
of 100-
Year
Flood

Potential
Flood
Heights

Sea
Level
Rise

Chance
of 100-
Year
Flood

Potential
Flood
Heights

2020s 2 in 1.1% 11.5 ft. 4-8
in

1.1-
1.4%

11.6-
12.0 ft. 10 in 1.5% 12.1 ft.

2050s 8 in 1.4% 12.0 ft. 11-
21 in

1.6-
2.4%

12.2-
13.1 ft. 30 in 3.6% 13.8 ft.

2080s 13 in 1.7% 12.4 ft. 18-
39 in

2.0-
5.4%

12.8-
14.6 ft. 58 in 12.7% 16.1 ft.

2100 15 in N/A N/A 22-
50 in N/A N/A 75 in N/A N/A

Fig. 2 - NPCC’s low, mid, and high estimate sea level rise scenarios (Source: NPCC 2015 Report)

Using low, mid, and high-level estimates, the NPCC 2015 report outlines potential rates of

sea level rise by decade until 2100, as well as corresponding flood heights and likelihood of

100-year flood events (defined as a flood that has a one percent chance of occurring in a

given year.13 Similarly, a 500-year flood event has a 0.2 percent chance of occurring in a

given year); this data can be seen in Figure 2. What is immediately apparent is that, even

under the NPCC’s low estimate scenario, sea levels could potentially rise 15 inches by 2100,

doubling the frequency of 100-year flood events by as early as the 2080s.14 In order to grasp

the possible consequences of even these “best case scenario” projections, consider that the

12 inches of historical sea level rise New York City has experienced since 1900 “may have

expanded Hurricane Sandy’s flood

area by approximately 25 square

miles, flooding the homes of more

than 80,000 additional people in

New York and New Jersey alone.”15

If one foot of sea level rise can

account for so much extra flooding,

the more than six feet projected

under the high estimate “rapid ice

melt” scenario presents very serious

implications for the City and its

coastal inhabitants, as well as those

Fig. 3 - Future 100-year flood zone (Source: NPCC 2015
Report)
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living in the future projected flood zone.

Research Questions

The NPCC’s high level estimates are by no means a definitive portrayal of New York’s future.

However, given the recent observed acceleration of sea level rise, as well as the “locked in”

climate change mentioned earlier, it is almost guaranteed that the City will experience some

degree of sea level rise over the course of the century and beyond. This will require plans

and policies aimed at mitigating these potential worst-case scenarios; as the report warns,

“because of incomplete knowledge about exactly how much climate change will occur,

choosing among policies for reducing future damages requires prudent risk management.”16

The uncertainty of the situation, in other words, necessitates that we plan for the worst.

Also important, as mentioned earlier, is the question of social vulnerability in the context of

climate change and sea level rise. Vulnerable populations (defined more specifically in the

“Methodology” section) bear significant hardships that make preparing for and surviving

extreme weather events, such as storms and coastal flooding, particularly difficult. Seniors

may have difficulty evacuating during a flood event; foreign-born and “linguistically

isolated” communities may not receive or understand emergency instructions; financially-

stressed households may forgo flood insurance, etc. Storms, as the NPCC authors note17, are

not “equal impact events,” so what, then, is being done by the City to address these

vulnerabilities and inequities in the event of future storms? This is the principle underlying

question of this paper; the subsequent research questions that evolved from it are as

follows:

 Which neighborhoods in South Queens and Southern Brooklyn are at risk from
coastal flooding in a 100-year flood event given the NPCC’s recent high estimate sea
level rise projections?

It is clear from the NPCC’s research that, due primarily to reasons of geography18, New

York’s expanding flood zone will affect South Queens and Southern Brooklyn more than any

other areas.19 These are areas that were hit particularly hard by Hurricane Sandy, and will

presumably be vulnerable to future storms as well; I was curious to know, then, which

neighborhoods specifically fell within the current flood zone, and which are potentially at
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risk in the future. This has implications for where the City should focus its resiliency efforts,

as well as when, given the NPCC’s decadal timeframe.

 How can these neighborhoods be categorized in terms of social vulnerability?

Although the entire area is physically vulnerable to sea level rise and coastal flooding, each

neighborhood presumably exhibits unique social characteristics. Being aware of these

specific vulnerabilities can aid the City in tailoring custom projects and initiatives, as well as

in deciding which areas merit additional assistance.

 How do current and proposed City resiliency efforts compare across neighborhoods?
Is there a bias towards wealthier/less vulnerable neighborhoods?

The Special Initiative for Rebuilding and Resiliency’s (SIRR) A Stronger, More Resilient New

York report, released seven months after Sandy struck, outlines the City’s plan for rebuilding

and improving coastal resiliency through a series of proposed City/borough-wide and

neighborhood-specific initiatives. By analyzing these initiatives by neighborhood, both

quantitatively and qualitatively, I hope to answer the question of whether or not a bias

towards less vulnerable neighborhoods can be discerned. In other words, are vulnerable

neighborhoods receiving adequate attention on the part of the City in terms of resiliency

efforts?

 If so, how might the City take a more equitable approach to resiliency planning?

The answer to this question will take the form of a series of recommendations based on my

findings, as well as a brief discussion of the de Blasio administration’s One New York: The

Plan for a Strong and Just City, the successor to the Bloomberg administration’s SIRR report.

The latter will be discussed in more detail in the following section.

LITERATURE REVIEW

The SIRR’s A Stronger, More Resilient New York, part of the PlaNYC series of climate and

resiliency reports, was authored as a special response to Hurricane Sandy in the months

following the storm. In addition to detailing Sandy’s impacts, the report outlines a series of

250 initiatives,20 mostly aimed at preparing the City for future extreme weather events,
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particularly coastal storms and flooding. The initiatives, which range from city-wide, to area-

wide, to neighborhood-specific, come in at a total cost of approximately $20bn, $1bn of

which was to be contributed by the City and the rest from various funding sources.

Of the various categories of initiative, Coastal Protection projects are the centerpiece, and

consist of a variety of “hardware,” infrastructural improvements, including beach

nourishment, armor stone revetments, tide gates, offshore breakwaters, living shorelines,

bulkheads, dunes, groins, floodwalls, and local storm surge barriers.21 More resource-

intensive projects, such as harbor-wide storm surge barriers stretching in some cases as far

as from the Rockaways to New Jersey, are also touched upon as potential long-term

initiatives to be undertaken by the U.S. Army Corps of Engineers (USACE).22

Other initiative categories include Climate Analysis, Buildings, Community and Economic

Recovery, Insurance, Utilities, Liquid Fuels, Healthcare, Community Preparedness and

Response, Telecommunications, Transportation, Parks, Environmental Protection and

Remediation, Water and Wastewater, Food Supply, Solid Waste, and finally a series of area-

specific initiatives for those places hit hardest by the storm. These include the Brooklyn-

Queens Waterfront, the East and South Shores of Staten Island, Southern Manhattan, and

the focus of this report, South Queens and Southern Brooklyn. The SIRR report, however,

focuses only on a handful of neighborhoods within these larger geographic areas.

In the SIRR’s South Queens chapter, the neighborhoods of the Rockaway Peninsula as well

as Broad Channel, Howard Beach, and Hamilton Beach are included as focus areas.23

Notably absent, however, are those areas of southeastern Queens (lying directly beyond JFK

International Airport) which did experience flooding during Sandy,24 and which are slated

for more future flood risk as sea levels rise. Likewise, various Southern Brooklyn

neighborhoods, namely those ringing Jamaica Bay as well as the neighborhoods to the north

and northwest of Gravesend, are also excluded from the SIRR study area. (Included are

Gravesend, Sea Gate, Coney Island, Brighton Beach, Manhattan Beach, Sheepshead Bay, and

Gerritsen Beach25). These areas, as well, were affected by Sandy and fall well within the

NPCC’s projected 100-year flood zone. By including these overlooked areas in my report, I

hope to provide a more complete picture of the geographical area the City must consider

when implementing resiliency initiatives and preparing for climate change.
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In addition to addressing the geographical gaps present in A Stronger, More Resilient New

York, this report also seeks to paint a clearer picture of the area’s overall social vulnerability

as well as neighborhood-specific liabilities. As Flanagan et al. write, “Disaster planning

research […] has often focused on infrastructure vulnerability, neglecting social vulnerability

when considering the vulnerability component. […] Exploring the manner in which hazards

may affect the population at large is vital, but understanding how and where particularly

socially vulnerable communities may be affected can help allocate resources more

effectively during the disaster cycle phases of mitigation, preparedness, response, and

recovery.”26

Throughout the SIRR’s initiatives, there are many that address issues of social vulnerability,

either city-wide or specific to a given neighborhood. For instance, Buildings Initiative 9

allocates $108 million to the retrofitting of NYCHA housing stock throughout the City27;

Community and Economic Recovery Initiative 9 supports the expansion of the FRESH food

access program to underserved, Sandy-impacted neighborhoods28; Insurance Initiative 1

supports Federal amendments to the National Flood Insurance Program to make insurance

more affordable for low-income households in the flood zone29; and many of the Healthcare

initiatives would strengthen the hospitals, nursing homes, adult care facilities, and mental

health facilities that fall within the flood zone.30

By and large, however, the report does not explicitly address the specific social

vulnerabilities of individual neighborhoods, a task which could, as Flanagan et al. point out,

save time, money, and lives,31 as well as make the overall climate adaptation and resilience

endeavor more equitable. The social vulnerability index created for this report could serve

as a planning and policy tool in assessing vulnerability at the neighborhood level and

tailoring resiliency initiatives accordingly.

METHODOLOGY

In order to determine which neighborhoods fall within the new projected 100-year flood

zone, the NPCC’s sea level rise map was superimposed over a political map of New York City.

Neighborhoods which were encompassed completely by the projected flood zone (under
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low, middle, and high estimates) were included in the study, as well as neighborhoods

substantially within the flood zone. In the instance of Bensonhurst, Brooklyn, only a small

portion of the large neighborhood is projected to be at risk from future coastal flooding, and

so only those affected Census tracts were included. Both the SIRR’s original study

neighborhoods as well as those excluded from the report are looked at in this paper.

In order to assess social vulnerability, myriad social variables were chosen and then

corroborated by Flanagan et al.’s “A Social Vulnerability Index for Disaster Management.”

These include socioeconomic variables (median household income, percentage of the

population with at least a high school education, and percentage of the population in the

labor force); household composition variables (percentage of the female population raising

children under 18 years with no spouse or partner present, and percentage of the senior

population living alone); minority status variables (race/ethnicity and percentage of the

population that is foreign-born); and housing variables (specifically, percentage of home

ownership in the neighborhood).

Household income is telling of a neighborhood’s overall character, and is an important

variable in disaster and resiliency planning because “the poor are less likely to have the

income or assets needed to prepare for a possible disaster or to recover after a disaster.”32

Income, in fact, encompasses many of the other variables, in that poverty is directly

associated with education levels; low-income households are less likely to have flood

insurance; and low-income individuals, in an urban environment, are more likely to rent.

Individuals who rent typically have less control over the building quality of their homes, and

less agency (if any) to pursue retrofitting options for building resiliency. Furthermore,

renters in high-rise apartments, such as public NYCHA buildings, face the potential problems

of a) overcrowding during building evacuations,33 and b) extended loss of essential services

such as electricity and water, as generators in these buildings are often located in flood-

prone basements.34 Finally, although transportation variables were not explicitly included in

this study, low-income households are less likely to have a personal vehicle with which to

evacuate.35 Future studies should consider public transit access in the flood zone, and

resiliency of these systems.
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In terms of household composition variables, single-parent households “are especially

vulnerable in a disaster because all daily caretaker responsibility falls to the one parent.”36

Only single-parent households led by females were included in this study; future research

should include male-led single-parent households, as well. Seniors (aged 65 and older) living

alone are a particularly vulnerable segment of society in that physical or sensory debilities

make evacuation during an extreme event difficult, if not impossible. As mentioned earlier,

half of all Sandy victims in New York were senior citizens.

Finally, racial and ethnic variables are considered because “the social and economic

marginalization of certain racial and ethnic groups, including real estate discrimination, has

rendered these populations more vulnerable at all stages of disaster.”37 Foreign-born

residents, meanwhile, may face linguistic challenges either in the event of a disaster or in

preparing for one (i.e. in purchasing and understanding flood insurance requirements), and

may also have weaker social networks, especially if they are recent immigrants.38

Once these variables were chosen, information was gathered at the Census tract level from

the 2010 Census39 (household composition, race/ethnicity, and home ownership variables)

and the 2013 American Community Survey40 (socioeconomic and foreign-born variables).

This information was then used to create a social vulnerability index (SoVI) for the 33

neighborhoods in the study area, with neighborhoods ranked on a scale from “Not

Vulnerable” to “Extremely Vulnerable.” This was done by comparing each variable to both

the City and national averages, and creating numbered brackets based on percentages or

income. For example, the city-wide average for percentage of seniors living alone is 31.3%;41

a neighborhood percentage of 30-35%, then, would be considered “Average,” with more

vulnerable and less vulnerable brackets determined accordingly. Points were assigned for

each variable depending on whether the neighborhood could be considered “Secure,” “Not

Vulnerable,” “Average,” “Vulnerable,” or “Very Vulnerable,” with a point deducted for every

“Secure” classification, and an extra point added if a neighborhood fell above (or below) the

City average for a given variable (i.e. above average single-parenthood, or below average

education levels). The final SoVI placement for each neighborhood is based on New York

City, rather than national, averages.
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Finally, maps and a graph were created to visually represent the quantity and location of

SIRR initiatives in the study area, with City- or area-wide initiatives distinguished from

neighborhood-specific initiatives. Case studies of two neighborhoods (Coney Island and

Howard/Hamilton Beaches, the most and least vulnerable neighborhoods, respectively)

were then carried out to more qualitatively analyze the SIRR’s resiliency efforts.

FINDINGS and ANALYSIS

Social Vulnerability Variables

Fig. 4 - The study area shaded by social vulnerability, with SIRR initiatives shown

The area which falls under the NPCC’s new low, mid, and high estimate projected flood zone

consists of 33 neighborhoods (14 in South Queens and 19 in Southern Brooklyn), and is

currently home to approximately 882,000 people.42 This number will grow over the course

of the century, as Queens and Brooklyn are expected to account for 8% and 13% of all City

population growth respectively (projected to 204043). The area directly threatened by

potential flooding in a 100-year flood event, by 2100, would encompass an extra 41 square

miles beyond the current FEMA 2013 Preliminary Flood Insurance Rate Maps,44 putting

substantially more lives, buildings, and infrastructure at risk, as well as accounting for

significant economic loss.
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Two observations are immediately apparent from the SoVI map. First, in terms of

vulnerability, the South Queens-Southern Brooklyn area is incredibly diverse;

neighborhoods span the spectrum from socially “Secure” (Breezy Point, Neponsit-Belle

Harbor, Gerritsen Beach, Marine Park, Mill Basin, Georgetown, Bergen Beach, and

Howard/Hamilton Beach) to “Highly Vulnerable” (Coney Island, Arverne-Edgemere, Far

Rockaway, and Starrett City), with varying degrees of vulnerability in between. In this

regard, geography is truly an equalizer, physically speaking. Socially speaking, vulnerability

does not seem to be entirely related to geography. Though pockets of security and

vulnerability do appear in some places (for instance, the Marine Park-Mill Basin-Bergen

Beach area, or conversely the Arverne-Edgemere-Far Rockaway area), different degrees of

vulnerability are generally spread out. Secure Howard Beach, for instance, lies directly

adjacent to Very Vulnerable East New York. So while a blanket approach to physical hazards

may be appropriate to the area, addressing specific social vulnerabilities would require

more targeted, neighborhood-oriented strategies.

Socioeconomic Variables

Fig. 5 - Median Household Income and High School Education variables

Average household income in New York City, as of 2013, was about $55,940.00.45

Neighborhoods of the study area vary widely around that average, with Coney Island far and

away the poorest (at an average household income of $22,397.71) and Neponsit-Belle

Harbor the wealthiest (at $102,987.00). As mentioned earlier, low-income communities

suffer disproportionately during extreme weather events for a variety of reasons, such as

potential lack of flood insurance, lack of healthcare, inability to implement resiliency
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upgrades to their homes, lack of a personal vehicle, and difficulty in replacing lost items

after an extreme event, among others.

While it is generally understood that education levels and income are closely related, it is

interesting to note how closely education patterns correlate with income patterns in the

study area. Wealthier areas, such as Howard Beach, Manhattan Beach, and the western

Rockaway Peninsula, have reasonably high education levels, while poorer areas such as

Coney Island, Arverne-Edgemere, and East New York, among others, have high school

graduation rates of less than 45%. To poor communities, then, can be added this additional

hardship: that “the practical and bureaucratic hurdles to cope with and recover from

disaster prove increasingly difficult to surmount.”46

It should be noted, however, that New York City as a whole fairs very poorly as regards

education; while the national average is between 80% and 90%, the City averages in

considerably lower at 54.4%. Even Manhattan Beach, with the highest average in the study

area (74.6%), falls below the national average. Any label of “Secure,” therefore, comes with

a significant caveat. Similarly, nearly half the study area would be considered “Very

Vulnerable” or “Vulnerable” in terms of employment when judged nationally. It is true that

a high number of children and/or retirees in the area may account for low employment in

some neighborhoods, but even so, these are two vulnerable populations in their own

right.47 The financial burden of retrofitting or rebuilding a home, even with government

assistance, may prove too costly for households no longer receiving a reliable income. It is

suggested that future research consider more specific employment status when assessing

vulnerability, especially in retirement communities on the Rockaway Peninsula.
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Household Composition

Fig. 6 - Single Mothers and Seniors Living Alone variables

In the study area, neighborhoods with a large percentage of single mothers tend to align

closely, for the most part, with low-income neighborhoods: Arverne-Edgemere, East New

York, and Coney Island top the list with 31%, 26.6%, and 20.9% respectively (New York City’s

average is 11%, and the national average is 3.32%48). Single parenthood does not hew

strictly to income, however; it is interesting to note that it tends to rise in predominantly

African-American neighborhoods, including those with relatively mid-to-high household

incomes such as Canarsie (19.5%), Springfield Gardens South-Brookville (20.3%), and Baisley

Park (20.4%). This is a variable which spans the study area regardless of income, though it

seems to have racial correlations.

As for percentage of seniors living alone, this is the one variable of the SoVI in which the

vulnerability/income correlation is (nearly) turned on its head. It is clear from the map that

low-income neighborhoods (with a few exceptions, such as Far Rockaway, and the notable

exception of Starrett City) tend to have a low percentage of seniors living alone; whether

this is because low-income areas tend to have a larger percentage of children making up

their population, or because extended families in low-income areas tend to live together to

reduce living expenses, is unclear. Starrett City, however, is both a low-income community

and the neighborhood with the highest percentage of seniors living alone: 44.7%, or nearly

half of all seniors. Furthermore, Starrett City ranks last in terms of home ownership at just

2.3%, meaning that its elderly population is either renting or in assisted living. This

confluence of factors has important implications for the City’s resiliency efforts which will be

elaborated on later.



Chris Barrett

18Sea Level Rise and Social Vulnerability in South Queens and Southern Brooklyn

Minority Status

Fig. 7 - Race/Ethnicity variable, shown in both the NYC and national contexts

Figure 7 depicts the Race/Ethnicity variable results (percentage of the population that is

non-white) as assessed using both New York City and national averages. Despite the fact

that the SoVI was created for a NYC-specific context, I felt it was important to show both

maps side-by-side given New York’s uncommon diversity; the study area’s true diversity

becomes apparent when viewing the second, national averages map. The NYC map on the

left portrays a starker difference in racial location, and could potentially be misleading as to

the racial makeup of the various neighborhoods. Having said that, there is an obvious

clustering, in both maps, of non-white populations to certain neighborhoods, particularly

Brooklyn’s Jamaica Bay neighborhoods (averaging about 87.5% non-white), the quasi-

suburban Queens neighborhoods bordering JFK Airport (averaging 97.8%), and the

easternmost neighborhoods of the Rockaway Peninsula (79.3%). This will raise some

questions when we discuss the locations of PlaNYC’s SIRR initiatives.

New York’s uncommon diversity is due in large part to its status as a destination for

immigrants49, and the study area reflects this. Southern Brooklyn in particular boasts the

largest foreign-born population of the study area, with the top nine neighborhoods all

falling within the borough (Brighton Beach, at 59.4%, comes out on top). Of course, we

cannot lump all immigrant communities together as equally vulnerable; education, income,

and other variables vary significantly, and in some cases a tightly-knit immigrant community

may constitute a stronger social network than a native-born New Yorker might have access

to. They are included in the vulnerability index, however, for the linguistic reasons

mentioned earlier. It was estimated in 2011 that 23.8% of immigrants in Brooklyn and 28.5%
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in Queens spoke English “less than very well,”50 presenting significant hurdles in extreme

events.

Home Ownership

Generally speaking, New York is a city of renters; 31% of the population owns their home, as

opposed to an average of about 64.9% nationwide.51 This varies widely in the study area

from a low of 2.3% in Starrett City (a “tower-in-the-park” neighborhood of federally

subsidized housing52) to a high of 98% in Breezy Point (a private gated community run by

the Breezy Point Cooperative). Coney Island is also notably vulnerable in this area, with a

home ownership average of only 11.3%. In terms of coastal flooding and climate resiliency,

home ownership is an important issue for a number of reasons. For better or for worse,

ownership implies deep-

rootedness in the community and

is a deterrent to displacement in

the event of a disaster or long-

term climatic changes such as sea

level rise (as seen in Breezy Point,

for instance53). Homeowners, as

discussed before, have more

agency in pursuing retrofits and in

taking advantage of the SIRR’s many Buildings Initiatives54, as well as the State buyout and

acquisitions program.55 Homeownership implies relative financial stability, though in the

event of a disaster a homeowner stands to lose considerably more, especially if long-term

sea level rise threatens to reduce their property value. This is a particularly pertinent

concern here, given the NPCC’s projections and their potential detrimental effect on such a

huge swatch of the City.

Fig. 8 - Homeownership variable
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Fig. 9 - The study area shaded for social vulnerability using national averages

Finally, it should be noted that when ranked against national averages, New York City fairs

much more poorly than one might initially assume. This was touched on somewhat in the

education variable discussion, though in all variables but income New York is either above

(single parenthood, 65+ living alone, non-white and foreign-born populations) or below

(education, employment, and homeownership) the national average. Furthermore, the

neighborhoods of the study area in particular tend to fall below or above their respective

borough averages, making this already geographically vulnerable area particularly socially

vulnerable as well, in a city that itself is vulnerable. This becomes clear when viewing the

map in Figure 9; there are no neighborhoods classified as Secure, and many move up to the

high end of the spectrum at “Extremely Vulnerable.” As the City moves forward with its

climate resiliency initiatives, it will be important to keep this context in mind, as well as the

NPCC’s warning that “the high-end scenarios of extreme warming may challenge even a

great city like New York’s adaptive capacity.”56
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SIRR Initiatives

Fig. 10 - Neighborhoods ranked along the SoVI, with SIRR initiatives below

As discussed earlier, the SIRR’s A Stronger, More Resilient New York report outlines 250

initiatives for rebuilding and resiliency, some of them blanket policies potentially benefiting

the entire City (i.e. amendments to the Building Code), others neighborhood or area-

specific. Each neighborhood in the study area, in theory, benefits from about 18 non-specific

initiatives on average, and the entire area receives a total of 101 neighborhood-specific

initiatives in the report.

If we look strictly quantitatively at the distribution of all neighborhood-specific initiatives

throughout the study area, they appear to be spread progressively across the

neighborhoods, vulnerability-wise: Secure areas receive an average of 2.4 initiatives per

neighborhood; Somewhat Vulnerable areas an average of 4; Relatively Vulnerable areas an

average of 1.77; Very Vulnerable areas an average of 3.4; and Highly Vulnerable areas an

average of 7.5. This is a flawed method of determining fairness in distribution, however,

because one must consider the neighborhoods which were left out of the SIRR report

entirely.57 Ten of the 33 neighborhoods falling within the new flood zone were not included

in the initial study,58 and so while Highly Vulnerable neighborhoods such as Coney Island,

Far Rockaway, and Arverne-Edgemere are the focus of much City attention, other equally

vulnerable neighborhoods, specifically Starrett City, receive no mention, even compared to

socially Secure neighborhoods like Howard Beach. These neglected areas (which, it must be
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said, span the length of the SoVI) must be incorporated into the City’s planning efforts

sooner rather than later to create a more complete and inclusive resiliency strategy.

Neighborhood Case Studies

In order to more qualitatively assess the City’s proposals for the study area in terms of

whether or not bias is present against socially vulnerable areas, two neighborhoods were

chosen from either end of the SoVI spectrum to serve as case studies. Howard/Hamilton

Beach,59 Queens, the area’s most Secure neighborhood with a SoVI rating of -5/32, is a

middle-class, largely Italian-American neighborhood of single-family homes and bungalows

situated on Jamaica Bay.60 It is home to approximately 15,000 people, and boasts above-

average median household income ($83,142.50) and homeownership rates (76.8%).

Fig. 11 - Howard Beach variables as compared to Queens and New York City

Coney Island, Brooklyn, on the other hand, is the study area’s most Highly Vulnerable

neighborhood, with a SoVI rating of 26/32. The neighborhood, at the center of the Coney

Island Peninsula, is home to largely non-white population (77.2%) living in a mix of single-

and multi-family homes as well as public and publically-supported housing.61 Median

household income for the area is about $22,397.71, and it is considered Very Vulnerable in

the education, employment, single mothers, and homeownership variables, as well. Coney

Island has 15 neighborhood-specific initiatives outlined in the SIRR - the most in the study

area - while Howard Beach has seven.
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Fig. 12 - Coney Island variables as compared to Brooklyn and New York City

Of Coney Island’s 15 initiatives, slightly more than half address some aspect of social

vulnerability, either directly or indirectly, while certain city-wide initiatives do as well (such

as Food Supply Initiative 7, which creates redundancy in the SNAP benefits system to avoid

disruption of service62, and Buildings Initiatives 2 and 7, which allocate repair funds

specifically for publically-assisted and affordable housing developments, of which Coney

Island has a considerable amount63). Many of these focus on economic recovery and

revitalization of the area’s historic entertainment district, a critical source of revenue for the

neighborhood. Others are more specific development projects: South Brooklyn Initiatives 9

and 17 call for the construction of an outpatient clinic and an affordable housing

development (Coney Island Commons64), respectively, and South Brooklyn Initiative 5

proposes a wetland and tidal barrier to prevent flooding from Coney Island Creek. While this

falls more under the category of “hardware” initiative than social vulnerability initiative, it

would create parkland for the neighborhood; a significant community asset given the links

between health and open space.65

The remaining initiatives are primarily of the “hardware” variety (beach nourishment, beach

restoration, green infrastructure development, sewer upgrades, etc.), and though they

protect Coney Island’s vulnerable population, they don’t necessarily address the underlying

factors that make them vulnerable.

High
School

Education

In Labor
Force

Single
Mothers

65+ Living
Alone

Minority
(non-

White)

Foreign-
Born

Home
Ownership

Coney Island 38.8 33.9 20.9 33.7 77.2 32.5 11.3
Brooklyn 78.5 62.4 12.2 30.8 64.3 37.5 27.7
NYC 54.5 51.3 11 31.3 66.7 37 31

0
10
20
30
40
50
60
70
80
90

Pe
rc

en
ta

ge
Coney Island



Chris Barrett

24Sea Level Rise and Social Vulnerability in South Queens and Southern Brooklyn

In Howard Beach, only two initiatives could be said to be “social vulnerability” initiatives,

and these both address economic recovery (specifically, a retail recovery program and the

promotion of local commercial corridors66). The rest are hardware projects, such as wetland

restoration, tidal inundation mitigation, and the raising of bulkheads. Residents of Howard

Beach, however, are able to take advantage of many of the city-wide initiatives benefitting

homeowners, such as flood insurance deductibles, retrofit incentives, and FEMA mitigation

credits: programs of little use to low-income renters in Coney Island and similar

neighborhoods.

Analysis

New York is a vulnerable city, both physically and socially, and the study area in particular

can expect significant challenges in the coming decades. All neighborhoods, regardless of

their ranking on the SoVI, will require major long-term investments from the City in order to

weather the projected changes. All that the City can do, then, is be as expansive and

inclusive in its planning as possible, and aware of the specific vulnerabilities facing each

area. I believe that its strategy as illustrated by the Coney Island and Howard Beach case

studies is an appropriate first step in the long endeavor towards climate adaptation and

resiliency; that is, protecting the most immediately physically vulnerable areas with

upgraded infrastructure regardless of social ranking (as in the case of Howard Beach), with

an eye towards equity in the more socially vulnerable areas (as in the case of Coney Island).

Logical next steps, especially considering the NPCC’s warnings, are to expand those

initiatives to all impacted areas, in all boroughs, and work to alieve, over time, the inequities

that would make certain populations more vulnerable than others.

As to the question of whether or not PlaNYC was biased in its outlook towards wealthier or

less vulnerable areas, that hypothesis must be ruled out for a number of reasons. Firstly, all

neighborhoods in the study area, including those not explicitly referenced in the SIRR

report, potentially benefit from the various city- and area-wide initiatives the report

proposes. These initiatives are tailored to various segments of the population spanning the

SoVI spectrum. As for neighborhood-specific initiatives, the case of Coney Island illustrates

that, qualitatively, social vulnerability has been taken into consideration, even if not to the

extent or level of detail possible. And though the question of funding was an important one
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to consider, the fact that nearly all of the SIRR’s proposals were in progress or completed at

the time of writing implies that vulnerable as well as non-vulnerable areas are receiving the

adequate funds to enact these initiatives. Finally, the ten neighborhoods which were

excluded from the SIRR report span the SoVI spectrum, from Secure to Highly Vulnerable;

their exclusion likely has more to do with the fact that they experienced less severe flooding

than other areas during Sandy (such as Rosedale, Baisley Park, and Springfield Gardens), or

they were not on the radar for flood risk at the time the report was written (such as

Flatlands, Homecrest, Madison, and Bath Beach). “Incomplete,” then, rather than “biased,”

better describes A Stronger, More Resilient New York.

Still, two significant issues remain that deserve mention. Despite the fact that the ten

excluded neighborhoods vary greatly in terms of vulnerability, East New York and Starrett

City in particular stand out as areas meriting additional assistance. Both lie in a

geographically exposed area of Jamaica Bay, and both display some of the lowest

performances in the study. In many variables such as income, education, employment,

single parenthood, seniors living alone, and homeownership, they rank equal to or worse

than similar neighborhoods such as Far Rockaway and Arverne-Edgemere, which are the

focus of much attention in the SIRR report. Continued exclusion of these neighborhoods in

future resiliency plans would undoubtedly constitute negligence, if not overt bias.

Secondly, the SoVI map portrays the area’s vulnerability as widely varied and geographically

spread out. When looking strictly at the Race/Ethnicity variable, however, it becomes clear

(as discussed earlier) that majority non-white populations are clustered in three distinct

areas, namely Brooklyn’s Jamaica Bay, southeast Queens, and eastern Rockaway Peninsula.
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Fig. 13 - Non-white population variable, shown with SIRR initiatives

While the eastern Rockaways are dealt with extensively in A Stronger, More Resilient New

York (and this is reflected in the number of initiatives proposed there), the other two

predominantly African-American areas are not, except in passing.67 This, too, is reflected in

the lack of initiatives, comparably speaking. Most of these areas experienced flooding

during Sandy, some of them extensive (such as in Canarsie and Rosedale); all will experience

flooding, and more frequently, in a future of rising seas. Though their exclusion from the

SIRR report was explained earlier (less immediately vulnerable, not as impacted, etc.),

future exclusion is not an option, and the City would be wise to think proactively rather than

belatedly in preparing these areas for extreme events.

RECOMMENDATIONS

Preparing against the worst effects of climate change and sea level rise will be an arduous,

expensive, and long-term endeavor, one that will require flexibility and innovation at all

levels of government, business, and civil society.68 New York has demonstrated that it is

prepared to meet that challenge; steps must be taken, however, to ensure that the

adaptation and resiliency process is as inclusive and equitable as possible. The following

recommendations are meant to address the City’s current planning gaps in this regard as
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revealed by the findings, and draw inspiration from various trends and ideas in the urban

climate adaptation literature.

1. Create a separate category of Equity initiatives to deal specifically with social
vulnerabilities.

In addition to the SIRR’s existing Buildings, Insurance, Transportation, Parks, etc. initiatives,

a category of Equity initiatives should be created specifically to address those inequities and

vulnerabilities affecting neighborhoods not only in the current and projected flood zone, but

city-wide. As climate change is in many ways an issue of social justice (in that the poor will

be most adversely impacted69), it is important to make the connection between climate

adaptation and social equity explicit. So while initiatives in this category may not, on their

face, seem directly related to preparing for sea level rise, it is implied that reducing

inequities and strengthening communities is a pivotal step in building urban resiliency.

Equity initiatives would be tailored to specific community needs, and successful

implementation in one area could then serve as a “best practice” framework to be

duplicated elsewhere. Possible initiatives could include the creation of databases in

neighborhoods with significant senior populations, and community volunteer task forces to

monitor these individuals in advance of and during extreme weather events; the continued

development of resilient affordable housing in low-income, low-homeownership

neighborhoods; expanded, City-sponsored daycare or after-school programs in communities

with high single-parenthood; and the creation of paid environmental/sustainability youth

fellowships (possibly with the Parks Department, or the Science and Resilience Institute at

Jamaica Bay) in neighborhoods with low income, low employment, and low education

levels. Such initiatives would be developed and implemented in partnership with various

City agencies not typically engaged in climate or resiliency work, making the resilience

process a City-wide, collaborative effort.

2. Prioritize the location and implementation timeframes for both “hardware” and
“software” initiatives.

Decisions as to where to locate “hardware,” or infrastructural projects, should depend on

immediate physical vulnerability and less on social vulnerability, as discussed in the Analysis

section, and the City’s current infrastructure projects follow this logic. Future hardware
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investments should be informed by the NPCC’s projections, and follow a similar timeline in

terms of implementation (that is, focus first on the areas affected by the 2020s; then on the

areas at risk in the 2050s; etc.). While infrastructure improvements are underway in these

areas, the proposed Equity initiatives outlined above should be implemented

simultaneously in socially vulnerable neighborhoods, so that by the time they are at

immediate physical risk from sea level rise, their social resiliency has been strengthened, as

well.

3. Develop and support community sustainability and resiliency centers to strengthen
neighborhood resiliency and encourage participation in the adaptation process.

Finally, one of the most efficient ways to ensure inclusion and equity in the adaptation and

resiliency process is to invite citizens to partake in that process. The SIRR report touched on

this when it declared that “ultimately, it is the public who will carry forward this plan.”70 The

de Blasio administration’s One New York: The Plan for a Strong and Just City (OneNYC) also

makes community involvement a centerpiece of its adaptation plan, as illustrated by its

Community Strengthening Initiative, which seeks to build “the community, social, and

economic resiliency of our neighborhoods” by “deepening resident, non-profit, and business

participation in emergency planning, and exploring social cohesion as a strategy for

resiliency.”71 (The OneNYC report, in a leap forward from the SIRR report, makes explicit the

link between climate resiliency and social equity, and future research should monitor the

effectiveness of this new approach). By delegating power to citizens on their pathway to

sustainability and resiliency, the adaptation process becomes less a top-down, facilitated

exercise, and a more truly participatory and equitable endeavor. By tackling resiliency in

such an inclusive way, the City will be better prepared for the challenges that lay ahead.
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APPENDIX - Maps

Map 1 - NPCC’s 100-Year Flood Zones using high estimate projections

Map 2 - Study Area Social Vulnerability, with SIRR Initiatives shown
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Map 3 - Median Household Income Variable

Map 4 - Percentage of the population with at least a high school education
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Map 5 - Percentage of the population that are single mothers with children under 18

Map 6 - Percentage of seniors (65+) living alone
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Map 7 - Race/Ethnicity Variable (percentage of population that is non-white)

Map 8 - Homeownership Variable
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Graph 1 - Neighborhoods and SIRR initiatives ranked along the SoVI
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