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ABSTRACT

Evaluating the impact of the urban heat island on public health:
Spatial and social determinants of heat-related mortality in New York City

Joyce Klein Rosenthal

Increased rates of mortality and morbidity due to summertime heat are a significant
problem in New York City (NYC) and for many cities around the world, and are
expected to increase with a warming climate. An ecologic design was used to evaluate
the association between neighborhood scale characteristics (socioeconomic/demographic,
the built and biophysical environment, health status and risk behaviors) and senior
citizen’s mortality rates during heat events in New York City. As a measure of relative
vulnerability to heat, this analysis used the natural cause mortality rate ratio among those
aged 65+ (MRRgs,), comparing extremely hot days (maximum heat index 100+) to other
warm season days. Data were pooled across the years 1997-2006. The relationship
between intra-urban microclimates and the risk of heat-related mortality was assessed
through Landsat-derived surface temperatures averaged to the neighborhood scale.

Excess mortality during heat event days was unevenly distributed in NYC’s Community
Districts and United Hospital Fund (UHF) areas during 1997-2006, with higher rates of
excess deaths in parts of southwestern Bronx, northern Manhattan, central Brooklyn and
the eastern side of midtown Manhattan. Some areas, including parts of northern Staten
Island, northern and southeastern Queens, and the Upper West Side of Manhattan had
lower rates of mortality on heat alert days during this time period (MRRgs, < 1.0)
compared to the average summer season day.

Significant positive associations were found between heat-mortality rates and
characteristics at the neighborhood level: poor housing conditions, poverty, impervious
land cover, senior’s hypertension and the surface temperatures aggregated to the UHF
area level during the warm season. A negative association between area-based home-
ownership rates and the mortality rate ratio was the strongest correlation found in the
study. Several measures of housing quality were significantly correlated with the
MRRgs., including rates of dilapidated buildings and property tax delinquencies,
suggesting that the quality of senior’s housing is a population-level risk factor for
premature heat-associated mortality. Senior’s air condition access was negatively
correlated with the mortality rate ratio.

The lowest-income areas had a trend towards higher heat-associated mortality rates.
Low-income areas also had a trend towards hotter surface temperatures and a lower
degree of air conditioning access for senior citizens. The hottest Districts and UHF-areas
generally had higher mortality rate ratios; however, stratification by poverty rates and
income levels showed this trend existed for the low-income/higher poverty
neighborhoods, but not for high-income/low poverty areas.



Percent Black/African American and percent poverty by UHF-area were strong negative
predictors of senior’s air conditioning access in multivariate regression. In multivariate
models, NYC’s surface urban heat island is strongly associated with impervious cover
and poverty rates. There is a trend for an increasing mortality rate ratio for areas with the
least proportion of White population.

These findings suggest that redistributive policies to improve the housing conditions of
elderly residents could play a role in reducing heat-related mortality in New York City,
although these policies are not yet explicitly considered as part of climate adaptive
planning. Urban heat island mitigation programs that address economic disparities and
incorporate local knowledge on neighborhood characteristics may be the most effective
in reducing the health impacts of climate extremes and variability. Towards that end, a
community-based adaptation planning process may help address the social justice
dimension of the impacts of extreme events and climate change in New York City while
increasing the effectiveness of adaptive programs and policies.
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Chapter One

Introduction: The modern face of an old problem

The summer of 1896 started out with seasonal temperatures in New York City,
then a rapidly growing industrial city filled with immigrants and home to approximately
two million inhabitants, many living in densely populated neighborhoods in lower
Manhattan such as the Lower East Side.

On August 4™, however, hot weather and high humidity came to the city and did
not leave for ten days. Daytime temperatures averaged above 90° F outdoors, nighttime
temperatures did not drop below 70° F, and stifling conditions were reported in the
tenement buildings, where temperatures were estimated at 120° F (Kohn, 2008).

Unfortunately, New Yorkers started succumbing to these conditions the next day,
and for the following nine days, it is estimated that the heat wave caused approximately
1,500 premature deaths in the city (Kohn, 2008), as compared to the same time period in
prior years. Especially vulnerable populations were the poor, elderly, very young, and
laborers, and those who did not leave stifling tenement apartments during the day.
Decades after the last major outbreaks of cholera or yellow fever, the 1896 heat wave
became one of New York’s worst public health disasters.

The major risk factors identified at the time of the event included living in
substandard housing, having pre-existing health conditions, and not having access to
cooling, which in those pre-refrigerator and pre-air-conditioning days was provided by
the iceman’s chunks of ice. Other conditions noted by historians in creating vulnerability
to premature death in the 1896 event were “heat sources in the city, particulate matter in

the air, and the very architecture of cities; employers who took no precautions for their



workers....no access to air conditioning or cool water, and nothing done to aid the most
vulnerable, the very young and the very old” (Kohn, 2008, p.11). As the city had banned
sleeping in the parks, many lower Manhattan residents took to sleeping on crowded
rooftops and piers during the heat wave, and the death records noted the unfortunates
who fell off while trying to cool down.

Several social conditions that became apparent during this nineteenth century
disaster have recurred generations later, in modern form, in Chicago in 1995 and in the
2006 New York City heat wave. The vulnerability of critical city services for example,
to the strains of extreme heat events. In 1896, NYC municipal authorities were unable
during the 10-day heat wave to pick up and remove all of the hundreds of dead horses
that lined the city’s streets, presenting residents and storeowners with untenable
conditions. In contemporary New York City, surges in electrical demand during hot
weather had led to localized blackouts in service; this failure itself presents health
hazards as well as economic loss and discomfort, and is considered a major vulnerability
today. The Chicago 1995 heat event presented a triple jeopardy for residents with
overwhelmed emergency response systems, hospitals filled past capacity, the break-down
of transportation infrastructure, reduction of water pressure, and electricity blackouts in
many neighborhoods under the extreme conditions, all of which worsened the health
impacts of the disaster.

Substandard housing conditions were a prominent social fact for many heat wave
victims in the overcrowded tenements of 1896 New York and in the poorly-maintained
Single Room Occupancy (SRO) buildings of Chicago one hundred years later. Historians

have surmised that the earlier NYC disaster contributed to the public discussions



surrounding the 1901 Tenement House Law in New York City, which sought to provide
better ventilation and light to notoriously overcrowded conditions (Kohn, 2008).

The distribution of cooling to the poor as a health strategy started during this 10-
day heat wave, an innovation that was personally organized by Theodore Roosevelt, then
president of the Board of Police Commissioners, who convinced the city to purchase and
distribute 350 tons of ice to low-income New Yorkers during the 1896 heat wave (Kohn,
2008, p.11). Subsequently, the city opened “ice stations” for the poor in 1919. A modern
form of this cooling initiative continues today in New York City’s distribution of free air
conditioners to low-income senior citizens, one program of the New York City
Department of Health & Mental Hygiene (DOHMH) to prevent heat-associated morbidity
and mortality.

In 2010, heat waves and hot days are highly predictable in advance and heat-
associated death highly preventable. Yet, heat-associated mortality remains a significant
public health problem in New York and other cities. Is it possible that after more than a
century of modernization and improved living standards, some of the same risk factors
for premature mortality that caused the 1896 disaster are relevant in New York City
today? If so, what policies and approaches might contribute to creating more resilient
urban populations? And if not, what are the core problems today?

This research investigated how place-based characteristics may contribute to risk
of heat-associated mortality in New York City today. This understanding is important, as
urban health impacts are expected to increase from the effects of a warming atmosphere

in New York and in cities around the world during the coming decades.



As such, this research is situated at the confluence of several social and ecological
trends — the needs of growing cities to protect the health of urban residents and encourage
resiliency to a changing climate and extreme events, and the particular vulnerability of
senior citizens, whose population is rapidly growing in New York City. As the large
baby boomer cohort ages, the proportion of those aged 65 years and over in the city is
projected to expand dramatically by 2030, to about 15% of the population, well above the
estimated one million residents aged 65 and over in New York City today (NYCDCP,

2006).

Report outline

This dissertation is structured as follows:

Chapter 2 discusses the impact of climate variability and change on public health,
especially regarding the increases in daily mortality rates seen on hot summer days in
New York and other cities. To ground the discussion of heat-health effects in its context,
Chapter 2 reviews how cities are experiencing climate change, both the shift caused by
global atmospheric changes and the localized effect on climate caused by urbanization,
the heat island effect. Because assessments of the impacts of climate change are
necessarily interdisciplinary efforts, this chapter begins with some relevant definitions
and descriptions of research techniques.

This literature review also includes two other components; it discusses the
governance framework for the two types of policy responses to the problems posed by
climate change and variability: adaptation to climate and mitigation of greenhouse gas

emissions. Both policy arenas will ultimately define the parameters of climate-health



problems in New York and other cities, and it is important to ground the specific
discussion of New York City’s efforts in this institutional framework. Finally, the
normative dimension of the planning response to environmental change is discussed as a
conceptual basis for considering the implications of this research’s findings on heat-
related mortality.

Chapter 3 then presents the rationale and hypotheses for quantitative research on
this issue in NYC, through an ecological study of heat-associated mortality rates at the
intra-urban scale. Empirical models for neighborhood-health impacts are discussed as a
conceptual basis to guide the analysis and interpret findings.

Chapter 4 presents the methods, data and results of this ecological analysis of risk
factors in New York City neighborhoods for heat-related mortality, describing bivariate
and multivariate regression, analysis of urban heat island areas, and the specification of a
vulnerability index for heat-associated mortality by United Hospital Fund-areas within
New York City.

Chapter 5 presents initial quantitative research on urban heat island models.

Chapter 6 provides a discussion and interpretation of the quantitative results of
the ecological analysis and urban heat island models, along with study limitations and
some areas for future heat mortality research.

Chapter 7 concludes with a description of the current planning process for heat-
health impacts in New York City, and provides some recommendations for strengthening
this planning by proposing a more inclusive community-based approach to support

climate adaptation for public health in New York City.



Chapter Two
Health impacts of climate change and variability,
and the normative basis for urban climate policies
Goals of this chapter

This chapter describes the potential threats to cities and urban populations from
climate change and variability and provides an overview of the strategies for mitigation
and adaptation that have emerged to meet these challenges. Because assessing the
impacts of climate change on cities is necessarily an interdisciplinary undertaking, I
discuss types of interdisciplinary research used to evaluate climate impacts on urban
areas and their residents, and define some terms relevant to this inquiry. I then consider
New York City as an example to illustrate climate trends. As public health is a major
concern of planning for climate change and the basis for this inquiry, I review the urban
heat island effect and the health impacts of climate on populations in temperate zone
cities, and then review the role of cities and national governments in mitigation and
adaptation measures.

Because the health and economic impacts of climate change primarily burden
poor populations, policies for climate protection have central equity components. This
chapter also examines the normative basis of the planning response to climate change.
The concepts of sustainable development and environmental justice are offered as initial
principles by which to evaluate the merits of adaptation and mitigation options for
climate change and variability, although the exact mechanisms for applying these

concepts remain to be developed.



In doing this, this chapter attempts to satisfy two major goals: first, to put this
inquiry on climate and health into a normative framework for climate protection that
addresses the role of urban planning in sustainable development, and second, to thereby
create a basis for evaluating the implementation and effectiveness of urban climate

adaptation policies in Chapter 7 of this study.

Norms for urban climate protection: The sustainable development paradigm

In part, urban planning seeks to reconcile the temporal and normative mismatch
between capitalist market economies, natural systems, and social institutions, through
rational and deliberative means. That social inequities are now increasing at most spatial
scales, and that the wealthier peoples of the world are consuming fossil fuels at a rate that
endangers the health and well-being of many poorer peoples of the world, and that
natural systems and biological diversity are on the decline globally, are indications that
economic rather than social or ecological goals have been prioritized in the complex
mixture of economic, political, social, and historical trends that create the built
environment. The American environmental justice movement and the adoption of
sustainable development as a planning goal in many countries are efforts to address these
imbalances.

An ecological crisis in the past fifty years has prompted many planning
practitioners and theorists to explore the root causes of human impacts on natural
systems, in order to devise effective and lasting solutions to protect the integrity of earth
systems. Environmental problems manifest on the global and local scales, and stem from

many facets of human interaction with the natural world, including modern land



development and urbanization, industrial production and transportation systems, and
agricultural and food production systems. The problems that have become particularly
intractable, widespread and recognizable over the past fifty years include accumulation of
toxic synthetic materials throughout the biosphere; accelerating loss of biodiversity and
degradation of natural systems; and cumulative changes in the atmosphere that have led
to global changes in the climate system. Although these problems are all deeply
interconnected in their causes and solutions, the focus here is on the research and
response to one of these emerging global challenges — climate change.

Planning has focused its concerns for reconciling humans with natural systems on
the concept of sustainable development of communities and economic production
(Beatley, 1995; Campbell, 1996; Maclaren, 1996). During the past twenty years,
sustainable development became a central paradigmatic goal for planning, yet it is a goal
frequently promoted without clear and agreed-upon definition, objectives, measures and
methods for implementation.

The idea of sustainable development evolved from the reflexive recognition that
modernity has, through ecological change, imposed new globalized and widespread
threats to human health and well-being (Beck, 1995). New social movements have been
organized in the past thirty years as a result (Commoner, 1990; McNeill, 2000). Leaving
aside questions of their effectiveness, in the past fifteen years, national governments have
organized new international agreements to address environmental change, including the
landmark 1992 United Nations Conference on Environment and Development (UNCED)
agreements and the Kyoto Protocol. Some of the private sector adopted industrial

ecology policies and practices to optimize their social and environmental performance



(Hawken et al., 1999). There has been much activity by a range of social actors,
internationally, to define and operationalize the rubric of sustainable development
(Beatley, 1995; Dunn & Steinemann, 1998).

An early and influential definition of sustainable development was put forth by
the United Nation’s World Commission on Environment and Development (the
Brundtland Commission) in 1987. In their report, Our Common Future, the Commission
proposed that sustainable development was comprised of two distinct normative facets
that qualify an overarching goal of continued economic development: intergenerational
justice, and intra-generational justice, or the fair distribution of resources in the present
among different nations and classes of people, particularly between developing and
developed countries. Intergenerational justice was defined as “meeting the needs of
present generations without endangering the capacity of future generations to meet their
own needs” (WCED, 1987). Thus, while economic growth was central to sustainable
development, it was initially conceptualized as an idealized goal for a desired state of
society based on ethics and distributive justice, with no concrete guidance on how to
attain the goal. This definition holds important theoretical implications for urban
planning. The Brundtland Commission proposed that this concept form the basis for
future government policies, and over the past decade the goal of sustainable development
became increasingly popular and has been adopted by the European Union, many nations,
multilateral agencies, and locally-based government agencies as the basis for planning
efforts. Our Common Future introduced the new terminology of sustainable
development to the policy arena for multilateral institutions, placing economic activities

into a normative relationship with social and environmental needs and limitations.
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In “Green Cities, Growing Cities, Just Cities? Urban Planning and the
Contradictions of Sustainable Development,” Campbell (1996) describes the effort by
city planners to achieve sustainable development as one of reconciling conflicts between
priorities for equity (social justice, economic opportunity and income equality),
environmental protection (creation and enforcement of rules to protect human health,
e.g., air and water quality); and overall economic growth and market efficiency.
Campbell's typology of the “planner's triangle” is useful for representing the conflicts and
trade-offs between projects that prioritize one substantive goal over others, and locates
sustainable development in efforts to resolve these inherent conflicts and harness the
potential synergies between these divergent priorities.” A “resource conflict” is seen
between environmental protection and economic development, based in businesses’
exploitation of natural resources for their “economic utility in industrial society and their
ecological utility in the natural environment” (Campbell, 1996).2

As noted, there is much evidence that low-income populations in the United
States and other nations are disproportionately burdened with the environmental
liabilities of current development and economic practices (Bullard, 1990; Commoner,
1990; IPCC, 2001; Northridge et al., 2003). An essential component of the goal of
sustainable development is long-term ecological preservation. Therefore, a key question
emerges for urban planners: how will the social interest in environmental quality be
incorporated into urban development in a manner that enables equity? This question
begins to focus attention both on the governance of public and private investments and on

the need for planners to understand enough about ecology to incorporate sustainable
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practices into their work and to forestall actions that significantly damage the integrity of
natural systems.

One question that must be addressed to attend to the intergenerational goals of
sustainable development is: how is it possible to define what is environmentally sound in
urban development? Many planners, commentators and scientists have noted the lack of
explicit guidance provided by the WCED report or official government sources on how to
implement sustainable development, although the goal has been widely adopted in
principle. What are ecological criteria for sustainable development and will they forestall
dangerous climate change? Moreover, how can planners ensure that urban development
is meeting this challenge?

Some planning scholars, not content to leave the answers to this question solely to
professional scientists and technical experts, contend that urban planning research needs
to incorporate ecology and biophysical sciences into research and theorizing on economic
development and social systems in order to create the basis of knowledge for sustainable
urban development (Alberti et al., 2003; Arendt, 1999; Commoner, 1990, McHarg,

1969). In this regard, the knowledge required to ameliorate the contradictions and trade-
offs inherent in urban development and to bridge the gap between society and nature will
include not only knowledge from communities, planning practice and the social sciences,
but also knowledge from the biological and physical sciences. Ultimately, prioritizing
and meshing these knowledge bases into policy is a collective social effort that may work
best as the outcome of inclusive deliberative democratic practices (Young, 2002). As
climate change is a cross-cutting issue, “the widespread inclusion of environmental

objectives in urban plans at all scales provides an opportunity for the incorporation of
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urban climate knowledge into the planning process on a routine basis” (Mills, 2006,

p.69), and may be helpful in preventing future problems (Betsill, 2001).

Interdisciplinary research: Some definitions

Assessments of climate change impacts on urban populations often use methods
that combine research from the social, biophysical and health sciences, and the crafting of
strategies for climate adaptation and mitigation necessarily involves collaboration
between disciplines for research and practice. Interdisciplinary research usually begins
with efforts to create a mutual understanding of basic concepts important to collaborating
practitioners from different disciplines (Aron & Patz, 2001). Therefore, below are
definitions of disciplines and concepts involved in environmental change research, and
two approaches useful for conducting integrative research on climate change impacts.

Urban planning has been defined as a decision/action process that links different
forms of knowledge to collective action in the public domain, for societal guidance or
social transformation, and as “the process of superseding market forces in guiding the
development of the built environment” (Northridge & Sclar, 2003, p. 119).> Urban
planning activities encompass a range of themes: planning human settlements,
interconnections, future orientation, a diversity of social needs, and open participation
(Forsythe, 1998).* Planning works at the interface of technical and scientific knowledge,
the built environment, and social systems to generate the physical design of cities and to
support deliberative decision-making processes.” The built environment is used to
describe the physical content of cities: urbanized land-cover, converted from natural uses

to human settlements; the city and its sum total of buildings, roads, infrastructure, and
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designed parks, waterfront property and open spaces, which also represent designed
environments as opposed to nature (Lerup, 2005; Northridge & Sclar, 2003, p.119).

In the scientific literature, climate change is considered to be a warming trend in
the global atmosphere related to the increased concentration of anthropogenic emissions
of trace gases (carbon dioxide, CO,, is the primary greenhouse gas; also methane,
nitrogen oxides, chloroflorcarbons, and others). The global average temperature
increased about 0.6° C during the twentieth century; however, this change manifests
differently in different regions of the world, and some regions have warmed faster or
even cooled during this time period. Although there is international scientific consensus
on the warming of the atmosphere and the role of greenhouse gases in contributing to this
warming, many areas of uncertainty and controversy remain; including the potential
magnitude of changes in climate variability and precipitation patterns, the capacity of
carbon sinks to absorb additional CO,, and so on. Global warming has already led to
significant impacts on aquatic and terrestrial ecosystems and human health, and these
adverse impacts are expected to increase during the 21% century (Fisher, 2002; Patz and
Kovats, 2002), as damaging extreme weather events, such as heat waves, hurricanes,
heavy rainfall or drought, and coastal flooding and erosion may increase in frequency and
intensity (IPCC, 2001; Knutson et al., 2004). According to the Intergovernmental Panel
on Climate Change (IPCC) (2001) “climate change refers to a statistically significant
variation in either the mean state of the climate or in its variability, persisting for an
extended period (typically decades or longer). Climate change may be due to natural
internal processes or external forcings, or to persistent anthropogenic changes in the

composition of the atmosphere or in land use” (IPCC, 2001).°
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Strategies undertaken to combat climate change and variability can generally be
split into two categories: adaptation to and mitigation of climate change. Mitigation of
climate change is primary prevention; it involves the reduction of greenhouse gas
emissions, such as from the burning of fossil fuels; or the development and deployment
of increased sinks for carbon dioxide (such as CO, sequestration) in order to mitigate
changes in climate. A major goal of mitigation strategies is to stabilize atmospheric CO,
concentrations to reduce the degree of dangerous climate change in the next century.

Adaptation to climate change aims for harm reduction, from current and future
climate threats. It refers to the adjustments and coping strategies in ecological, social and
economic systems that are made in response to climate challenges, to reduce costs, public
health effects, and disruption from extreme events (Climatelab, 2009; Stern, 2006).
Adaptive responses seek to develop resiliency in cities and human populations, through
the development of adaptive capacity for natural and human systems to protect them from
the harmful impacts of climate change. In contrast to mitigation research, which tends to
have clearly-bounded research questions within specific disciplines, adaptation research
is interdisciplinary and necessarily includes knowledge from the natural and social
sciences as well as policy considerations (Wheaton & Maclver, 1999). “The climate
change community uses the term adaptation to refer to the process of designing,
implementing, monitoring and evaluating strategies, policies and measures intended to
reduce climate change-related impacts and to take advantage of opportunities” (Ebi &
Semenza, 2008, p.501).

This chapter discusses two types of climate change that many cities are

experiencing — global climate change and the more localized effect on climate and
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weather patterns induced by urban land transformation. The urban heat island (UHI) is
an urban area with higher surface and near-surface air temperatures than its surrounding
suburban and rural areas, due to the urbanized land uses. The causes and impacts of the
UHI effect are described later; the relevant point is that both of these types of climate
change, global and regional, can increase average summertime temperatures in cities and
exacerbate the dangerous phenomenon of extreme heat events or heat waves.” There is
significant overlap in the constructive responses that cities are taking to respond to the
adverse impacts of climate change, the heat island effect, and extreme heat events.
Programs and interventions that are adaptive for global climate change are also adaptive
for the local heat island effect, and vice versa. There is also a significant overlap in
strategies that are promoted by cities as adaptation to and mitigation of climate change,
discussed below.

Public health refers to the health and well-being of human population; according
to the World Health Organization (1946), health involves the optimum state of human
functioning and is characterized by “a state of complete physical, mental and social well-
being and not merely the absence of disease or infirmity.”8 The population health
approach examines the full range of conditions and factors that determine health, and the
complex interactions among them, and seeks to improve the health of the entire
population and reduce health inequities among population groups (Canada Public Health
Service, 2006).”

Global environmental or ecosystem change refers to large-scale and long-term
disturbances of anthropogenic origins in Earth's biological and biophysical systems, such

as the addition of trace greenhouse gases to the atmosphere. Global environmental
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change results in disturbances at finer temporal and spatial scales, although impacts on
natural systems may take many decades to manifest, and “arise from the interaction of
natural and anthropogenic dynamics” (Aron & Patz, 2001, p.7) Contemporary concerns
about global change include biodiversity loss; the widespread presence of toxic persistent
substances in human populations and the biosphere; and the increases in atmospheric
trace gases, leading to enhanced global warming. This chapter focuses on the
phenomenon of climate change; however the term environmental change is used as well
to invoke the interrelated nature of its challenges, impacts and solutions.

From the recent National Academy of Sciences report, Facilitating Interdisciplinary
Research:

Interdisciplinary research (IDR) is a mode of research by teams or individuals that

integrates information, data, techniques, tools, perspectives, concepts, and/or

theories from two or more disciplines or bodies of specialized knowledge to

advance fundamental understanding or to solve problems whose solutions are
beyond the scope of a single discipline or area of research pralctice.10

One methodology potentially useful for research on climate impacts integrating
knowledge from various scientific disciplines with public input and involvement is
integrated assessments, or integrated assessment modeling (1IAM) (Aron & Patz, 2001).
An integrated model links the mathematical modeling work of researchers based in the
natural or physical sciences with scientists using social, economic, or land use data and
models to test the response of these systems to changes in inputs or assumptions, often
through the use of alternative scenarios.

Integrated assessment models (IAMs) use a systems approach to examine “how

structures, assumptions and policies produce system behavior and consequences” on
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environmental and urban health outcomes, to produce insights potentially useful for
public decision makers (Aron & Patz, 2001, p. 120). Such projects can engage public
and community stakeholders to help frame research questions and objectives with
researchers and modelers, when planned as participatory exercises. However,
participatory processes for integrated assessments require a substantial commitment of
time for initial and sustained discussions of disciplinary methods, ideas and goals, beyond
what most researchers and public stakeholders may be accustomed to or have the
resources to support (Aron & Patz, 2001). As a quantitative approach that links complex
computer-based models representing physical, natural and social systems, there is
typically a lot of background information and concepts that needs to be shared to
establish a common ground for collaboration. As well, characterizing and
communicating the uncertainty and assumptions of the modeling system and components
with all research partners are fundamentally important aspects in research that seeks to
understand the interactions of natural, physical systems and social systems through
mathematical modeling, and there have been serious problems with the integrated
assessment methodology when this has been lacking. Integrated assessment was used to
project the effects of changing climate and land-use on heat-associated mortality for the
New York metropolitan region in the New York Climate & Health Project (Kinney et al.,
2006).

Another useful research method of knowledge production in environmental health
and urban planning practice is the co-production model which incorporates and builds on
the principles of existing participatory models of research and action, such as

community-based participatory research in epidemiology (Corburn, 2005). The co-
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production model of environmental health research is based on acknowledgment of the
interdependence of scientific knowledge and social systems in the creation of expertise.
These approaches aim to strengthen and legitimize research and its policy applications by
providing means for local residents to participate fully in the framing of problems and
methods of inquiry for studies. Ideally, they include opportunities for residents and lay
people to prioritize the scope of research or ensuing policy-making and involve the public
in community-improvement interventions (Corburn, 2005, p.8). With their potential to
enhance the goals of procedural democracy by fostering deliberative practices and
integrating local knowledge into decision-making, these methods are especially useful for
research where practical urban interventions are desired. The need for traditional and
local knowledge in adaptation research and strategies for climate change was explicitly
recognized in recommendations to the [IPCC by its Workshop on Adaptation to Climate

Variability and Change in 1998 (Klein & Maclver, 1999).

Cities and climate change

The increasing complexity, dynamism, diversity, and economic activities of
global society have created historically unprecedented changes in biological and physical
systems (Castells, 2000; McNeill, 2000; Wackernagel & Rees, 1996). Although the
“greenhouse” warming effect of human CO, emissions has been known for over 200
years, social recognition of problems from changes to the atmosphere is far more recent.
Many date it to less than 20 years ago, during the summer of 1988, when James Hanson,

Director of the National Aeronautics and Space Administration's (NASA) climate
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modeling research, testified to Congress that anthropogenic climate change was already
happening and dangerous both to present and future populations (Kolbert, 2006).

Changes in climate patterns are expected to pose increasing challenges for cities
in the following decades, with adverse impacts on urban populations currently stressed by
poverty, health and economic inequities. Simultaneously, a strong global trend towards
urbanization of poverty exists, with increased challenges for local governments to protect
and sustain the well-being of growing cities. In the context of these two overarching
trends, interdisciplinary research at the city and community scale is prioritized for
understanding the social impacts of climate change and variability and for evaluating
strategies in the built environment that might serve as adaptive responses.

Global hazards such as climate change differ from those that existed before: they
are spatially and temporally diffuse, as they affect future generations and cross national
boundaries; there is diffuse responsibility, as it is difficult to hold one single entity
directly accountable; and critically for Beck's notion of the “risk society” there is no
longer any safety net — in the face of widespread adverse consequences, “it is becoming
impossible to compensate those whose lives have been touched by those hazards, as their
very calculability becomes problematized” (Beck, 1995). As well, the creation of
collective mitigative policies and adaptive capacity in cities has been hampered by what
Mike Davis (1999) has called uniformitarianism; the denial or ignorance of the
accelerating pace of change, the false belief that the rate of current trends will remain the
same and the future will continue much like the past; that the 21* century will be similar

to the 20™ century, in terms of the biophysical systems that support life (Davis, 1999).



20

Human activities influence the atmosphere and climate through emission of
greenhouse gases and airborne particles, and through land alteration. Anthropogenic
emissions of the greenhouse gases (GHG), especially carbon dioxide, methane,
chloroflourocarbons (CFCs) and nitrous oxide led to increases in their atmospheric
concentration and warming of the lower atmosphere. The IPCC (Intergovernmental
Panel on Climate Change) Fourth Assessment Report projects that the globally averaged
surface temperature will increase by 1.8 to 4.0 °C (3.2 to 7.2 °F) by 2100 (IPCC, 2007).

By the mid- to late-21* century, changes in climate are expected to contribute to
large-scale, geographically widespread and potentially adverse changes in the
productivity of agricultural systems, fresh water availability, ecosystem stability and
population health (IPCC, 2001; WHO, 2003). In the economic sector, current impacts
include changes in the insurance industry, where in 1999, it was reported that “global
impacts due to climate-related disasters have increased by a factor of 40 since the 1960s”
(Klein & Maclver, 1999, p.192). Current to near-term future impacts include decrease in
crop yields; shifts in tourist destinations; increased property and infrastructure losses; and
increased energy demands (IPCC, 2007).

Climate influences health through several pathways that raise concern for
warming trends. Rates of contaminated drinking water and water-borne diseases may
increase through changes in precipitation patterns, variability and extreme events;
changes in vector habitats and increased incidence of vector-borne diseases; and the
direct impacts of flooding and damage to infrastructure and residences (Patz & Kovats,
2002). Urban regions in Africa are now impacted by the geographic spread of malaria to

higher elevations; urban areas on several continents are expected to have an increase in
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vector-born diseases such as dengue (all tropical countries and the United States),
schistosomiasis (tropics and subtropics), onchoerciasis (Africa and Latin America), etc.
(McMichael et al., 2003; Patz & Kovats, 2002). Other regional impacts of climate

change include:

° Loss of urban drinking water resources and agricultural water from glacier

melt in European alpine and South American Andean countries.

° Loss of agricultural fertility due to changes in soil moisture, monsoon

patterns and rainfall events; loss of fisheries and biodiversity.

° Changes in patterns of oceanic currents, affecting climate variability

in Europe."!

Among the anticipated impacts of climate change in North America are droughts,
especially in the southwest and west coast region; diminished and lower quality surface
water; a higher incidence of existing vector-borne diseases and possible reintroduction of
diseases such as dengue; more frequent heat waves in urban centers; and an increase in
storm surges in coastal regions (Mehdi, 2006). The IPCC estimated that the frequency of
extremely hot weather in temperate climates approximately doubles for every 2-3° C

increase in average summer temperature (Curriero et al., 2002).

Regional environmental change: The urban heat island effect
Urban areas around the world are now experiencing the effects of two types of
climate change: that caused by the warming of the global atmosphere, and the more

localized warming in cities induced by land transformation, known as the urban heat



22

island effect. Urban areas generally have higher surface and near-surface air
temperatures than their surrounding suburban and rural areas, resulting in a hotter urban
environment, higher energy demand and accelerated smog formation. Cities can modify
their regional climate system in a profound variety of ways — altering precipitation
patterns, wind speed, cloud cover, humidity and nighttime temperatures, for example
(Chow & Roth, 2006; Oke, 1973; Voogt, 2002). One of the most studied phenomena of
the interaction between urbanized land use and the atmosphere is the “urban heat island”
effect.

Urban heat islands (UHI) are created principally by man-made surfaces, including
dark roofs, asphalt lots and roads, which absorb sunlight and re-radiate energy as heat.
The concrete, metal and stone of buildings and street surfaces store and conduct heat and
act as multiple reflectors of this energy (Clarke, 1972). Urban streets typically have
fewer trees and other vegetation to shade buildings and cool the air by evapotranspiration.
As aresult, urbanized land cover tends to retain less surface water from precipitation than
natural land-cover, and moisture is less available for evaporation and cooling (Hart &
Sailor, 2008). Urban areas generally have lower wind speeds, and less building heat is
lost to the atmosphere by convection (Clarke, 1972).

Other factors found to contribute to the heat island effect include: increased
storage of heat by urban materials; city morphology, population density and size; urban
design, such as the orientation and form of buildings and roads; the creation of
anthropogenic heat; lower heat loss and altered wind patterns in urban canyons (Chow &

Roth, 2006; Hough, 2000). Synoptic weather conditions, such as wind speed, cloud
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cover and height, can enhance the magnitude of the heat island effect (Oke, 1973;
Gedzelman et al., 2003).

The UHI temperature effect can be measured in terms of the urban canopy layer,
the space below the rooftops of buildings, and the mesoscale, which refers to regional
temperature measurement (Voogt, 2002). The magnitude of the UHI, in terms of the
temperature differential between a city and its surrounding countryside, is greatest during
dry, clear, low-wind nights, as the surfaces that comprise the built environment retain and
re-radiate more heat into the air at night than vegetation and nonurbanized land cover
(Clarke, 1972; Gaffin et al., 2008). The surface geometry and thermal properties of the
built environment significantly impact the magnitude of the urban heat island (Voogt,
2002). 2 Building density, design and height determine the skyview factor and a city’s
canyon geometry, which along with materials used determine the absorption and storage
of incoming solar radiation (Hart & Sailor, 2008). Because of the large reservoir of heat
and counter radiation between buildings, urban blocks cool at a slower rate than in rural
and suburban areas (Hart & Sailor, 2008). A reduction in surface albedo, a measure of
surface reflectivity, results in greater absorption of incoming solar radiation, while areas

shaded by street trees will store less energy (Hart & Sailor, 2008).

New York City's urban heat island effect

The long-term development of New York City's urban heat island was examined
with temperature data spanning the twentieth century.13 At the turn of the nineteenth
century, parts of Manhattan and Brooklyn were already substantially developed, with

materials such as asphalt used for streets and rooftops, and trees and vegetation removed
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in urbanized neighborhoods. Monica Pefia Sastre demonstrated that a difference of at
least 1.8°F (1°C) already existed at the beginning of the twentieth century between the
mean temperature in NYC’s Central Park weather station and its surrounding rural and
suburban areas, and that this difference increased over the century (Pefia, 2003, Columbia
University Urban Planning Master’s thesis).

This study assessed the historical development of the NYC heat island in terms of
average temperature differences of the city center relative to its surrounding 31-county
metropolitan region, comprised of parts of New York State, New Jersey, and
Connecticut. Monthly maximum and minimum temperatures for 1900-1997 were
obtained from NOAA'’s National Climatic Data Center, the NASA-Goddard Institute for
Space Studies, and the Lamont-Doherty Earth Observatory of Columbia University for
the New York City’s Central Park (NYCP) weather station and 23 weather stations
within the region that are part of the U.S. Historical Climatology Network.

Analysis of annual mean temperatures shows an increasing difference between
NYC’s Central Park station and its surrounding region over the twentieth century, with
mean temperatures in NYC generally higher than the surrounding stations, ranging from
2.2°F (1.2°C) to 5.4°F (3.0°C) (Rosenthal et al., 2003). There was also a significant
decrease in the monthly and seasonal variability of the UHI effect over the century
(Rosenthal et al., 2007). The difference between NYC and 23 regional weather stations
during the period 1990-1997 averaged 4.2°F (2.35°C) (Rosenthal et al., 2003).

Gedzelman et al. (2003) assessed the New York City's heat island effect using a
mesoscale network of 25 National Weather Service stations in the New York-New Jersey

metropolitan region to assess near-surface ambient air temperatures. They concluded that
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for the period 1997-1998, the mean magnitude of New York City’s heat island was 7.2°F
(4°C) in the summer and fall and 5.4°F (3°C) in the winter and spring (Gedzelman et al.,
2003). This assessment showed NYC's UHI to be a nocturnal phenomenon, with a
strengthening in late afternoon and low point of the heat island effect at dawn, and
sensitivity to weather parameters such as wind speed and direction.

Analyzing the same historical annual dataset as Pefia (2003) and Rosenthal et al.,
(2003) and extending the data record to 2006, Gaffin et al. (2008) concluded that the
intensification of New York City’s heat island was responsible for about one-third of the
warming that the city experienced during the twentieth century (.5 C), and speculated that
the increase was due to the reduction in skyview and windspeed as Manhattan’s building
heights and density grew over time. Two-thirds of the overall warming that the city
experienced during the past century was attributed to regional and global climate change

(Gaffin et al., 2008).

New York City and global climate change

Over the past century, the 31-country New York metropolitan region warmed
about 2°F (1.1°C), about double the worldwide average temperature increase of
approximately 1°F (0.6 °C), due to global changes in the atmosphere, according to the
Climate Change and a Global City: An Assessment of the Metropolitan East Coast
Region (MEC) (2001) study. The MEC study documented the regional components of
climate trends as part of the U.S. National Assessment of the Potential Consequences of

Climate Variability and Change, released in 2001."*
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More recent projections of regional climate change using nested meteorological
models predict a significant increase in average temperatures in New York City during
the next 80 years. The New York Climate & Health Project, an interdisciplinary
assessment of regional climate change impacts in the 31-country metropolitan region,
used two possible scenarios of future greenhouse gas emissions to model the impact of
global climate change on New York City’s average daily summer temperatures (CEI,
2004). The climate projections were based on United Nations [IPCC’s Special Report on
Emissions Scenarios A2 and B2 greenhouse gas emissions scenarios (CEL, 2004, p.2).
Using the A2 scenario of high CO, emissions of up to 30 gigatons/year by 2100
(compared to an estimated 7 gigatons/year CO; currently from fossil fuel emissions)",
projections with the NASA-GISS global climate model predict an increase of 5.4°F to
6.3°F (3.0°C to 3.5°C) in average annual temperatures in the city by 2100. Projections
using the B2 scenario of medium CO, emissions of up to 15 gigatons/year by 2100

predict an increase by 3.6°F to 4.5°F (2.0°C to 2.5°C) by 2100 (CEI, 2004).

Climate impacts on urban health: Population vulnerability

Temperature extremes and variability are important determinants of health in
American cities (O’Neill & Ebi, 2009). Excessive exposure to high heat can bring about
injury, disease or death if the body is not able to shed excess heat (USDHHS, 1992).
Exposure to heat is the number one weather-related cause of death in American cities,
causing more fatalities on average per year than floods, lightning, tornadoes, hurricanes,
and extreme cold combined (Gaffen, 1998; NOAA, 2009). Heat-associated mortality is

typically seen as excess mortality due to cardiovascular or respiratory causes during hot
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weather (that is, conditions above the norm for a given location). Because heat is rarely
coded as a contributing cause on death certificates, health researchers examine baseline
mortality rates during abnormally warm weather and compare these rates to those of a
comparable reference time period in previous years (Hoshiko et al., 2010).

Awareness of heat-related mortality has increased as a result of extreme events
such as the premature deaths of 14,800 people in France in August 1-20, 2003 due to a
severe heatwave. Analysis of mortality data in France indicates that these deaths were
disproportionately concentrated in poorer neighborhoods with higher levels of
immigrants and substandard housing (ORS, 2003). Prevention of disasters such as the
European 2003 heat wave mortality can involve social, behavioral and structural
adaptations.

Those over 65 years of age and people with pre-existing cardiovascular and/or
respiratory illnesses are especially vulnerable populations (Basu & Samet, 2002). Poor
populations are at greater risk of health burdens in hot weather and have fewer resources
available for adaptive measures (IPCC, 2007). Those at elevated risk of mortality during
the Chicago 1995 heat wave, which led to over 700 excess deaths, included the elderly,
the poor, those with limited mobility and little social contact, those with pre-existing
medical or psychiatric conditions, and those having poor access to public transportation
or air-conditioned neighborhood places (Klinenberg, 2002; O’Neill & Ebi, 2009;
Semenza et al., 1996). Risk of mortality in that event was higher in the Black
community, for people living in certain types of low income and multi-tenant housing,
such as single-room occupancy apartment buildings, and those living on the top floors of

buildings (Klinenberg, 2002; Semenza et al., 1996).
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Populations in northern cities in the United States have generally been found to be
at greater risk of heat-health impacts during hot weather than populations in southern
cities, due presumably to a range of behavioral or infrastructure adaptations in the south
(Curriero et al., 2002; O’Neill & Ebi, 2009). Children below the age of four, urban
residents and communities in the Northeastern and Midwestern United States were also
identified as vulnerable subgroups in a review of temperature-related mortality and
morbidity for the 2007 U.S. national assessment on impacts of climate change and
variability on human health (O’Neill & Ebi, 2009). Access to and use of home air-
conditioning was protective against heat-related death and risk of heat stroke in four U.S.
cities (O’Neill et al., 2005; Semenza et al., 1996). Black residents of these cities had one-
half the access to home air conditioning as other racial/ethnic groups, and a higher risk of
heat-mortality in those cities (O’Neill et al., 2005). Other vulnerable populations include
pregnant women and those using medications that impede thermoregulation
(NYCDOHMH, 2009).

The heat island phenomenon may increase the health effects of summer
temperatures, as elevated night-time temperatures in urban neighborhoods increase
exposure to heat for those without air conditioning and increase the risk of heat-related
disease and mortality (Patz et al., 2005). This problem has been recognized for decades;
for example, Buechley er al. (1972) discussed the higher mortality rate in New York city
than its suburbs during the deadly heat wave of 1966, and Clarke (1972) found higher
mortality rates in the city of St. Louis during this 1966 heat wave.

Higher temperatures also increase the formation and ambient concentrations of

ozone; elevated ozone conditions have also been shown to increase acute mortality rates,
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as well as increase hospital admissions for asthma and cardiovascular causes (Koken et
al., 2003; Kinney, 1999, Thurston & Ito, 1999). Annual exceedances of the health-based
national standard for ground-level ozone were found to have a stronger correlation with
ambient air temperatures than with the annual emissions of ozone precursors (Stone,
2005).

Chicago’s experience suggests similar vulnerabilities may exist in NYC. In New
York, as in other cities around the world, summertime heat can lead to elevated mortality
and morbidity rates, especially during the extended periods of hot weather known as heat
waves. (Basu & Samet, 2002; Braga et al., 2002; Ellis, 1975; Kalkstein & Greene, 1997;
Marmor, 1975; McGeehin & Mirabelli, 1999; Schuman, 1972).

Curriero et al. (2002) described the temperature-mortality association for 11
eastern US cities in 1973-1994 by estimating the relative risks of mortality using log-
linear regression analysis for time-series data of daily weather and mortality. In New
York City, the effects of temperature on mortality were found to be non-linear and
observable in excess mortality that occurs above a threshold temperature range
(approximately 73.5° F), which is below the extreme temperatures that trigger public heat
alerts (Curriero et al., 2002; O’Neill & Ebi, 2009). In a study of the daily variation in
warm season natural-cause mortality for 1997-2006 in New York City, Metzger et al.
found that the same-day maximum heat index was linearly related to mortality risk across
its range (2009).

Public health researchers estimated over 300 heat-related excess deaths in New
York City during an average summer between 1964 and 1991 (Kalkstein & Greene,

1997), and that health effects could worsen during the 21st century due to a changing
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climate within the metropolitan region, increasing heat-related mortalities by more than
55% by the 2050's (CEI, 2004; Knowlton et al., 2007).

Schuman’s (1972) analysis of the intra-urban patterns of excess mortality in New
York and St. Louis during the July 1966 heat wave found “poverty, crowding, poor
housing and age” were critical factors in creating higher risk of mortality (p.74).

Heat waves in July and August 2006 in NYC were associated with 46 confirmed
heat stroke deaths within the city, with a greater proportion in Queens’ neighborhoods
(NYCDOHMH, 2006). Those who died of heat stroke had known risk factors, including
chronic medical conditions such as cardiovascular disease, psychiatric or cognitive
disorders, respiratory disease, and diabetes (NYCDOHMH, 2006). In addition to heat
stroke deaths, approximately 100 excess deaths occurred during the July 27-August 5,
2006 heat wave, an increase of about 8% over the average daily death rate
(NYCDOHMH, 2006).

Large disparities in the prevalence of air-conditioning ownership and use in NYC
designated-health areas among seniors aged 65 years and older were found in the present
study, with nine United Hospital Fund (UHF) areas (Northeast Bronx, Fordham-Bronx
Park, South Bronx, Washington Heights-Inwood, Central Harlem/Morningside Heights,
Greenpoint, Williamsburg-Bushwick, Bedford-Stuyvesant/Crown Heights; Rockaway) in
which over 25% of the senior citizens were not protected by air conditioning during the
warm season in 2007 (discussed in Chapter 4; see Map 5).

Hot weather also increases demand for cooling in commercial and residential
buildings in NYC, increasing power plant emissions and peak electrical demand, and

risking overload to the system. The amount of energy consumed during peak demand is
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enormous. Con Edison, the major utility providing electrical service in New York City,
reported that during a heat wave in 2006, New Yorkers set a record for electricity use
with 13,141 megawatts used at Spm on August 2, 2006 (Moore, 2006). According to
Stan Johnson of the North American Electric Reliability Council, that was “enough to
power about 13 million light bulbs or 21 cities the size of Albany,” or to power 2,100
commuter trains all running full-speed at the same time (Moore, 2006). Air pollutants
generated by power plants, such as particulate matter, carbon monoxide, sulfur dioxide
and nitrogen oxides can damage lung tissue, irritate lungs, and aggravate breathing
problems, respiratory illness, and cardiovascular disease (Doull & Klaassen, 1991;

Kinney, 1999).

Ethnographic research on Chicago’s heat wave

Klinenberg's analysis (2002) applied the ethnographic research methods of
sociology to examine community-level risk factors for heat-related mortality in the
Chicago 1995 disaster. As social isolation was a factor in creating higher risk of
mortality in that event, Klinenberg (2002) assembled an account of the social and
political influences on the production of isolated and reclusive individuals (p.40). He
argued that social transformations occurring in Chicago and other American cities in the
1990’s can engineer extreme forms of individualism and social segmentation, especially
for low-income seniors. Several factors synergistically contributed to conditions of social
deprivation: (1) The demographic shift towards living alone, especially for seniors, who
have a higher incidence of disabilities and barriers to mobility (Klinenberg, 2002, p.48).

One of the major demographic trends of the modern era is the increase in the number of
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people living alone, a global trend that is expected to continue and increase in the
following decades. (2) The urban culture of fear; perceptions of danger, aggravated by
crime and perceived violence, coupled with the cultural values of privacy, individualism,
and self-sufficiency. This fear can lead to reluctance to leave one’s home, especially
among seniors -- in contrast to past behavior, when large numbers of Chicagoans felt safe
enough to sleep in city parks or their porches for relief from indoor heat during summer.
(3) Spatial transformation and deprivation: the degradation, or outright elimination of
public space and supportive housing arrangements, especially in low-income areas and
for vulnerable populations such as the physically and mentally ill. (4) Gender
differences: the tendency for older men to lose contact with family, friends and social
support networks, especially for men without children and with substance abuse problems
(Klinenberg, 2002).

Changes during the 1990s in public policies especially impacted two formerly
supportive social environments for men and low-income individuals in Chicago: public
housing for seniors and single room occupancy (SRO) dwellings disappeared and went
unmaintained, and the degradation and reduction of number of these spaces
“compromised the viability of public space and collective life” for many of their residents

(Klinenberg, 2002).

Climate protection policies
This section discusses the governance framework that has emerged to encourage
the two broad approaches to climate protection: carbon mitigation and climate

adaptation.
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Both research and governmental action on the issue of climate change have
increased substantially since the United Nations Framework Convention on Climate
Change (UNFCC) entered into force in 1994 (Fisher et al., 2002). The convention is an
international treaty, ratified by 189 states, that sets general non-binding "goals and rules
for confronting climate change (UNFCCC, 2006a)." The leading global framework for
reduction of greenhouse gas emissions is still the Kyoto Protocol, discussed below, an
addition that strengthened the UNFCCC and requires signatories to reduce their
greenhouse gas emissions by about 5% of their baseline 1990 levels over the next several
years.

In addition to national involvement in climate governance, cities have taken an
increasingly active role in climate protection, through research, policies, programs and
agreements on adaptation and mitigation strategies (Bulkeley & Betsill, 2003). This is
not surprising, given the increasingly central role of cities in emerging forms of economic
and environmental governance during the Post-Fordist era; given their central role in
urban redevelopment; given the trend of devolution of federal responsibilities for
implementation of programs to the state and city-level in the United States; and given that
adverse impacts related to climate change occur at the local level and are expected to
increase, such as damage to infrastructure, impacts on energy systems, impacts on public
health, etc (IPCC, 2001; Mayer, 1994). As well, it has been estimated that over 75% of
greenhouse gas emissions originate in urban areas, making municipal decision-making
processes and programs central to the effectiveness of climate protection strategies.

(Clinton Foundation, 2006).'®
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Other reasons why municipalities are active participants in climate change
governance include the desire by politicians to garner the reported political, economic
and social benefits of implementing adaptive measures. For example, Chicago Mayor
Richard Daley's greening program, which promoted new park space, high performance
building techniques, renewable energy businesses, living roofs and urban heat island
mitigation, and planted over 500,000 trees after he took office in 1989, is said to enjoy
wide public support and media attention (Schneider, 2006)."” As well, in a historical
perspective, there is “a lengthy history of idealized urban plans that link the physical
form of the city to desirable social, religious, cultural or environmental outcomes (Mills,
2006, p.69).” In this regard, for some cities and political leaders, ecologically
sustainable development has become the new ideal form for community development and
civic aspirations; e.g., Green Bay, Wisconsin's “Greener Green Bay” initiative, Santa
Monica's Sustainable City Plan and New York City’s PlaN'YC 2030.

As well, while global governance through the Kyoto Protocol has been slowed
down with debates on emissions limits and implementation mechanisms, transnational
networks of local governments and non-state actors have been more effective in sharing
information and resources and making documented progress on adopting measures for
climate adaptation and carbon mitigation (Bulkeley & Betsill, 2003; ICLEI, 2006)."* An
example of this is London Mayor Ken Livingstone's Large Cities Climate Leadership
Group, which convenes meetings of large city managers to discuss cooperative measures
for addressing global warming. The Large Cities partnership currently involves 22 large
cities, including Berlin, Buenos Aires, Cairo, Caracas, Chicago, Delhi, Dhaka, Istanbul,

Johannesburg, London, Los Angeles, Madrid, Melbourne, Mexico City, New York, Paris,
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Rome, Sao Paulo, Seoul, Toronto, Warsaw and Philadelphia, and expects to grow quickly
in municipal membership. In 2006, the Large Cities Climate Leadership Group was
involved in the signing of a pact between the California and the United Kingdom for
collaborative efforts towards reducing greenhouse gas emissions and promoting
alternative energy sources (BBC News, 1 Aug 2006). As well, the non-profit
organization ICLEI's "Cities for Climate Protection" campaign now involves over 750
local governments internationally in information exchange and projects aimed at local
policy-making for climate mitigation and adaptation (BBC News, 1 Aug 2006). The
recent failure of the Copenhagen summit in 2009 to achieve a binding global agreement
on carbon mitigation as a successor to the Kyoto requirements has ensured that urban

initiatives will remain of central importance to climate protection strategies.

Urban climate adaptation

As mentioned earlier, it is often difficult to distinguish between policies and
programs for climate adaptation and mitigation on the basis of results, as adaptive
strategies for coping with or ameliorating extreme weather events and climate variability
often hold benefits in CO, emissions reductions as well. For example, the use of building
energy efficiency techniques such as increased insulation or structural design reduces
building heat gain during hot summer days while also reducing energy consumption.

Municipal climate protection programs can be generally categorized as
approaches based on technological innovation (e.g., new reflective pavement and roofing
materials); changes in behavior and public education (e.g., use of cooling centers); and

improvements in urban design (e.g., zoning for mixed land-use; the use of water,
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vegetation and plazas to reduce the urban heat island effect). Or more simply, urban

adaptation strategies can be divided into two basic types of approaches: those relying on

deployment of technical responses, such as heat island mitigation techniques and energy

efficiency measures, and those relying on social organization, such as the creation of

heat-health alert systems, behavioral changes, and public information and education

campaigns. So far, adaptation policies in the United States have not incorporated

redistributive or social programs, such as supportive housing.

Policy tools and planning tools are available at different scales for climate

adaptation as summarized in Table 2.1:

Scale

Objectives

Impacts
& Methods

Policy & Planning
Tools

Building

Building group &
Neighborhood

City

Indoor comfort; health;
energy efficiency;
protection from extreme
heat events

Urban heat island
mitigation; energy use;
air quality improvements

CO2 reduction (climate
mitigation); urban heat
island mitigation; energy
use and air quality
improvements

Energy efficiency;
access to sunlight
and wind; air quality

Building placement;
outdoor landscaping
and improved
surface
characteristics; street
dimensions and
orientation

Changes in urban
form, such as density
and vegetative
fraction.

Building codes; zoning;
tax incentives and
subsidies

Environmental Impact
statements; Community
Benefits Agreements;
zoning, tax incentives
and subsidies; industrial
ecology
zones/improvement
districts

Zoning; land-use
planning and
transportation policy
(comprehensive plans);
design of efficient
municipal water and
sanitation systems

Table 1: A summary of the tools available to enable urban climate adaptive measures, at the building,
neighborhood and city-scale. The concept for this table has been adapted from

"Progress toward sustainable settlements: a role for urban climatology. (Mills, p.71)"

Cities and their residents have adapted to environmental change from ancient

times, and climate sensitive architecture and urban design are not new. Adaptive cities




37

are historically based in the densely packed buildings and narrow streets of Europe
medieval city centers, which served to conserve energy, maximize shade and maintain
cool conditions during summer days; and the traditional architecture of settlements in arid
climates, which used passive systems based on wind for ventilation and evaporation for
cooling (Hough, 2000). Before the advent of air conditioning and central cooling
systems, builders looked to structural and design techniques to increase natural
ventilation and air flow through buildings, and provide insulation and comfort from
climate extremes. However, modern architecture relies on mechanical climate control
systems, and the interest in new materials and design approaches such as permeable
pavements and living roofs as adaptive responses to climate change and variability is
relatively recent. Mills (2006) noted that the field of practical and applied urban
climatology is “underdeveloped and much of the knowledge is not in a form that can be
integrated” into adaptive design and planning strategies, despite great interest from urban
climatologists that their research be useful for planning sustainable neighborhoods and
cities (p.74)."

One key concept for health and environmental planning is adaptive capacity, or
the ability of an urban population and area to cope with the adverse impacts of
environmental change. Adaptive capacity is based on the "economic wealth, technology,
information and skills, infrastructure, institutions and equity" as well as “the current
health status and pre-existing disease burdens” (McMichael et al., 2003) of a community
and region. Although research on adaptive capacity for climate change was very limited
until the past five or so years in the climate science community, much relevant and

related research on adaptive capacity has been undertaken in the fields of disaster
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planning, such as for hurricanes, storms and earthquakes (McMichael et al., 2003).
Another key frame for adaptation planning is building resilience in communities

Overall, the topics of adaptation to climate change and climate extremes played a
marginal role in research by the IPCC prior to 2000 and received limited attention from
climate scientists; most of the attention in the climate change science community was
devoted to consideration of mitigation strategies and options (Klein and Maclver, 1999).
Noting that it took the IPCC ten years to organize a workshop on adaptation to climate
change, Klein and Maclver (1999) suggest that this lack of interest had several causes.
First, what the climate change community views as “adaptation” has a long history in
“hazard mitigation” and risk management research focused on weather-related hazards,
such as hurricanes, and natural climate variability. However, this literature has been
mostly ignored by climate change scientists, “in part perhaps because it uses a somewhat
different terminology....in the hazard literature, activities that equate with climate
adaptation are termed hazard mitigation” (Klein & Maclver, 1999, p.190). Smit et al.
(1999) note that the concept of adaptation is new to the climate change research
community, despite its long history in “ecology, natural hazards and risk management”
(p-199).

Kates (1997) suggests that the focus on mitigation was due to two opposing
perspectives about climate change, both of which discouraged an emphasis on adaptation.
On the one side, the "preservationist" school of thought believes that the consequences of
climate change could be so catastrophic that urgent and immediate action is required to
reduce GHG emissions. Thus, preservationists fear that any resources devoted to

adaptation research and efforts could “weaken society's willingness to reduce emissions
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and thus delay or diminish mitigation efforts” (Kates, 1997, p.190). In this view,
scientific work should focus exclusively on the necessary long-term solutions to climate
change — mitigation strategies. Similar to this “preservationist” viewpoint, Parry et al.
attribute the limited attention to adaptation research as due to that it "sounds defeatist to
negotiators, and because adaptation seems more complicated than mitigation (emission
sources are relatively few, but the array of adaptations is vast)” (Parry et al., 1998,
p.741).

In contrast to the “preservationist” school of thought, “adaptationists” believe that
both natural and socio-economic systems have the inherent capability to evolve quickly
and adapt to a changing environment, as they have for centuries. Thus, they believe that
adaptation to climate change will occur autonomously and spontaneously by cities and
human systems and any planned adaptive strategies could constitute dangerous,
unnecessary and expensive interference in this process.

Klein and Maclver (1999) note that a third viewpoint — the “realist” school --
arose dialectically following the 1995 publication of the IPCC's Second Assessment
Report and provided the initial encouragement of adaptation research by the climate
change science community. The realists regard climate change as a fact, although its
impacts are highly uncertain. Therefore, realists assert that research and increased
attention to adaptive strategies should be undertaken expeditiously, as planning and
implementation of adaptation options take time, and “a process must be set in motion to
consider adaptation as a crucial and realistic option along with mitigation” (Klein &
Maclver, 1999, citing Parry et al. 1998 and Pielke, 1998, p.190-193). This school of

thought has perhaps been influenced by research in the mid-1990's that found a lagged



40

effect to climate change, meaning that even if emissions of greenhouse gases stabilized
tomorrow, global temperatures would continue to rise for decades and sea levels would
rise for several centuries due to the persistence of their atmospheric concentrations.
Nevertheless, despite the slow emergence of research on adaptive strategies by the
climate science community, many government agencies at the city, state and regional
level have recently started a public planning process for climate adaptation, and several
have published plans. The first plans of note were Ontario’s guide for municipalities
(2006) and London’s plan, published in 2007 and updated in 2010. Other adaptation
plans, published as drafts or in final form, include Keene, New Hampshire, probably the
first municipal plan in the United States (2007); Toronto (2008), Kings County,
Washington (2007 and 2008); the State of California (2009), and others from localities,
especially those who are active members in transnational urban networks such as the
ICLEI Cities for Climate Protection. New York City’s Adaptation Task Force (ATF) has
initiated a planning process focused in critical infrastructure with government and
business stakeholders, and will issue a first report, expected to be publicly released in
April 2010 as of this writing; the work of the ATF is discussed further in Chapter 6.
Mitigation strategies continue to be the major focus for long-term solutions to preventing

the most adverse impacts of climate change.

Urban adaptive planning for public health
Municipal adaptive responses to protect vulnerable populations from heat-health
effects have included, as mentioned earlier: emergency planning and the use of heat and

air quality alert systems to communicate increased risk to residents through media and
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public education; access to air conditioned places; and environmental modifications that
can provide a passive approach for reducing the risk of heat stress (Smoyer & Rainham,
2001).

Environmental modifications include urban heat island mitigation techniques such
as cool and living roofs, which can reduce indoor temperatures in residences lacking air
conditioners and provide a beneficial intervention for protection of public health from
heat health impacts. There are two main types of UHI mitigation used in cities today:
increased urban vegetation, through street trees or green roofs, and use of highly
reflective and emissive materials, especially on roofs or in pavements. A summary of the
environmental impacts of these strategies is in the Appendix. Cool reflective roofs can
prevent the heating of the building structure, and lower indoor and outdoor air
temperatures. For example, Philadelphia's Cool Homes Pilot Project, part of the non-
profit Energy Coordinating Agency, targets low-income seniors for free residential
installation of cool roofs, insulation and ventilation interventions.*

Street trees and vegetation cool the air in three ways, and may be the most
versatile means of influencing local conditions. First, shade trees can directly reduce
building temperatures by reducing the amount of solar energy that reaches a building’s
surface (Akbari, 2002). Second, vegetation cools air through evapotranspiration, the
process by which plants evaporate water through their leaves. Third, more vegetation
means less pavement; the increased water absorption of soil allows more evaporation to
take place, thus cooling the surrounding air. A summary of the energy and air quality

effects of UHI mitigation techniques are summarized in Figure 1:
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Figure 2.1: Environmental benefits of urban heat island mitigation techniques
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New York City has several climate adaptation initiatives underway, such as the

MillionTrees planting program; these are discussed in Chapter 7.

Climate change mitigation

Carbon mitigation strategies are organized by all levels of government; cities,
national governments and supranational and regional entities, with the Kyoto Protocol
still representing the most significant international effort. Mitigation strategies entail

measures to limit atmospheric CO, concentrations primarily through emissions reduction,
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and also through enhancement of carbon sinks, such as increased reforestation. The
preindustrial concentration of CO, was 280 parts per million (ppm), and the current
concentration is approximately 389 ppm (NOAA, 2010).*! Many proposals to limit
atmospheric CO, “have focused on the goal of 500 +/- 50 parts per million, or less than
double the preindustiral concentration....Very roughly, stabilization at 500 ppm requires
that emissions be held near the present level of 7 billion tons of carbon per year (Gigaton
Clyear) for the next fifty years, even though they are currently on target to more than
double” (Pacala & Socolow, 2004, p.968).

Broadly speaking, the application of energy efficiency measures, such as the US
Environmental Protection Agency's Energy Star Program for appliances and lighting, can
be considered climate change mitigation as they reduce electricity use and therefore
reduce CO, emissions. However, the heart of the global collective effort for mitigation of
climate change is found in the United Nations Framework Convention for Climate
Change (UNFCC) and its Kyoto Protocol. Still the major international agreement for
protection against the adverse impacts of climate change, the UNFCC establishes
programs for governments to collect and share information on greenhouse gas emissions
and best practices; establishes strategies to reduce GHG emissions, provides financial and
technical support to developing countries, and cooperation in development of adaptation
programs (UNFCC, 2006a).

The Kyoto Protocol (Kyoto) is an amendment to the UNFCC treaty that
establishes mandatory targets for the reduction of carbon dioxide and five other
greenhouse gas emissions for nations that ratify the agreement (UNFCC, 2006a).”

Kyoto now covers over 180 nations with an estimated 65% of global GHG emissions,
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and it entered into force on Feb. 16, 2005. With the failure of the Copenhagen climate
summit to conclude a new international agreement establishing goals for carbon
mitigation in late 2009, Kyoto is still the leading international agreement on climate
change.

Under Kyoto, nations are divided into two general categories, reflecting their
“common but differentiated responsibilities”: developed nations (Annex 1 countries),
which have GHG reduction requirements, and developing countries, which have no
emission reduction obligations (UNFCC, 1992). During the 2008-2012 period, Annex 1
countries must reduce their GHG emissions to about 5% below their 1990 baseline levels
(Kyoto, 2006).% Kyoto establishes a “cap and trade” program to encourage the
fulfillment of these obligations; Annex 1 countries may meet their requirements by
reducing GHG emissions, or they may purchase GHG emission reduction credits from
either financial exchanges (the new European Union Greenhouse Gas Emission Trading
Scheme, EU ETS) or directly from developing nations on a private basis, subject to
approval from a Kyoto-established entity, the Clean Development Mechanism Executive
Board. In the European Union, countries have taken their national-level caps on
emissions and devolved the responsibility to specific industries and facilities for
implementation.

Two developed countries remain notable non-signatories of the Kyoto Protocol —
the United States (US) and Australia. As the US is the single largest national emitter of
greenhouse gases (estimates range from 22-25% in 2006), its lack of participation in

Kyoto is considered by many to be a major hindrance to effective action on slowing the
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rate of increase of CO; in the atmosphere in order to prevent dangerous impacts from
climate change (Gore, 2006; Hovi et al., 2003).

Given its current modest GHG emission reduction goal, some have criticized the
ability of the Kyoto Protocol to achieve its stated objective, for the “stabilization of
greenhouse gas concentrations in the atmosphere at a level that would prevent dangerous
anthropogenic interference with the climate system” (UNFCC, 2006b).>* For the
wealthier Annex I nations, even if they achieve the approximately 5-8% reduction in
GHG emissions below 1990-levels (and do not merely offset increasing emissions with
credit purchases in developing nations), there is concern that this would translate into
only insignificant reductions in projected warming trends and in the increase of
atmospheric CO, concentrations (De Leo et al., 2001).

Outside of the Kyoto requirements, mitigation policies adopted by cities and
states in the United States for reduction of CO, emissions have included the creation of
carbon trading markets, such as the Regional Greenhouse Gas Initiative of northeastern
states and the Chicago Climate Exchange. Apart from these “cap and trade” schemes,
mitigation measures proposed by localities often have a strong technical component, as
strategies based on the use of new technologies for transportation (hybrid cars), and
renewable energy sources such as solar and wind electricity to reduce GHG emissions.
There are also behavioral mitigation measures, planned and unplanned, used in urban
areas; such as programs to reduce automobile driving to the center city, and to encourage
buying of local products and agricultural produce.

Pacala and Socolow (2004) identify climate mitigation strategies as options within

three main categories: those that implement improvements in efficiency and conservation
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(such as reduced use of vehicles, use of efficient vehicles and buildings, and better land-
design to minimize traveling); approaches that decarbonize energy and electricity
sources, (such as substituting natural gas for coal, the capture CO, for storage at energy
facilities, and the use of wind electricity and biofuels such as ethanol); and techniques
that increase use of natural sinks, or biological sequestration, for CO,, such as improved
agricultural soil and forest management. The use of enough of these options, all of which
have already been tested and “implemented at an industrial scale,” would enable the
stabilization of CO, emissions over the next fifty years at current levels, roughly 7
gigatons/year, allowing time for the development of new and “revolutionary” advanced
mitigation technologies that will be needed in the second half of the twenty-first century
and beyond for energy and economic production (Pacala & Socolow, 2004, p.968-971).
Here we see, at least for mitigation strategies aimed at efficiency and
conservation, a large overlap between the types of policies that are considered "climate
protection” with those used in environmental planning. Traditional municipal planning
programs in pollution prevention, waste reduction, watershed management, air quality
and cleaner transportation all have CO; benefits that can be measured. In this sense,
climate protection has become a new frame of reference for the use of well-established
techniques and concepts in environmental planning, with added impetus and the goal of

quantification of impacts on greenhouse gas emissions.

Conclusion: Norms for urban climate protection
Given the long-term time horizon of climate change impacts, and its creation of

unevenly distributed environmental justice challenges, the evaluation of evidence on the
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social equity impacts of planning and policy approaches to adaptation and mitigation is a
critical area for research. This conclusion tries to summarize the norms for urban climate
policies that stem from the concepts of sustainable development and environmental
justice, and highlights some directions for research on the health impacts of climate in
New York City.

Strategic problems such as climate change have local causes, and research and
policies to solve these problems and attend to their consequences will need to focus on
urban populations and the creation of the built environment of neighborhoods,
communities and cities. Climate change can be seen a pervasive social justice issue at
every scale and location; the poor are most vulnerable to the adverse health outcomes,
potential impacts on livelihoods, displacement, and property damage that may stem from
increased climate variability (IPCC, 2007). Poverty-related climate impacts include
reduction of food security, employment, incomes and economic growth; greater
exposures to health risks, increased frequency and severity of extreme climate events.
These dynamics can result in wider income gaps between wealthy and poor societies.

Impoverished communities are already stressed populations. Justice concerns are
rooted in the fundamental difference in the balance of power and distribution of impacts
between developed and developing countries and between poor and wealthy populations
within developed nations. The disparity between the responsibility for and the efforts of
adaptation to burdens imposed by global warming is a focal point for poorer countries.

Some scholars argue that agreements and collective actions between nation states
are more likely to gain the cooperation of the largest number of states when the

agreements are perceived as fair and equitable in costs and burdens (Grasso, 2004).
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Programs for climate adaptation, greenhouse gas mitigation and compensation for
damages from impacts will need to be assessed in terms of the distributive and procedural
equity criteria of the sustainable development and environmental justice ideals, as well as
more traditional cost-benefit analyses. The atmosphere and climate system is a global
public good, and so vulnerable to policy failures typically seen in provisions of non-
excludable public goods. Some nations may seek to benefit from the public good without
participating in and paying for its protection, waiting for others to take initiative, or
participate in a limited way (free rider and prisoner's dilemma situations) (Grasso, 2004).

As discussed earlier, sustainable development requires that equity and ecological
objectives form an important basis for planning the built environment. The concept of
environmental justice adds a mandate for procedural equity to address power imbalances
between disadvantaged communities and the public and private sector, which is a critical
concern for municipal responses to climate change.

The environmental justice (EJ) movement started during the era of industrial
development in the United States, when reports emerged that minority groups were
disproportionately exposed to environmental hazards, while reaping fewer public
amenities such as parks. In cities, the work of community-based organizations coalesced
and grew rapidly over the last twenty years, seeking through organizing, research and
legal activism to promote an environmental “right to health.” The EJ movement seeks an
end to environmental racism -- the disproportionate exposure of minority and lower
income people to toxic pollution, whether it is from the siting of hazardous facilities and
dumpsites in black and Hispanic neighborhoods, or the disproportionate allocation of

resources and amenities (Cole & Foster, 2001).
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During the 1970’s, efforts by urban environmentalists to include race and class
issues in the mainstream movement led to coalitions between labor, environmental and
minority organizations and the creation of a series of conferences on the urban
environment (Collin & Collin, 1997).25 These conferences expanded these coalitions, as
African American groups increased their focus on urban health issues. During the
1980’s, protests by black activists over the racially-biased siting of waste facilities led to
increased recognition of environmental racism. A seminal study by the United Church of
Christ in 1987 analyzed national data and demonstrated that “race was the best predictor
of hazardous waste location” — even above income (Collin & Collin, 1997). A number of
following studies have repeated this key finding; that “there is a rough but identifiable
association between wealth and race on the one side and exposure to dangerous
chemicals on the other...the poorer, and/or less white a person is, the higher the risk of
environmentally induced illness.”® As well, in a 1992 report, “Environmental Equity:
Reducing Risk for All Communities,” the US Environmental Protection Agency (EPA)
found that minority and low-income communities experience higher than average
exposure to toxic pollutants than the general population.

During the 1990’s, national leadership summits articulated EJ principles, and the
Clinton administration provided institutional support through an Executive Order on
Environmental Equity (1994), which requires federal agencies to analyze and address
disproportionate impact on communities of color. The US EPA defines environmental
justice as “The fair treatment and meaningful involvement of all people regardless of
race, color, national origin, or income with respect to the development, implementation,

and enforcement of environmental laws, regulations, and policies.”’ In this way, the
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norms of the environmental justice movement — procedural equity, open and inclusive
democratic participation in decision-making -- offer initial principles to evaluate the
merit of urban climate protection programs, although the exact criteria and mechanisms
remain to be developed.

In light of uncertainty about the impacts and magnitude of environmental change
on vulnerable populations, many organizations involved in environmental justice have
advocated for the use of adaptive strategies that deal with this uncertainty by
incorporating safety factors, similar to the goals of the Precautionary Principle. These
principles form a strong basis for governance related to climate change as well. Basic
elements of the precautionary principle embraced by environmental justice organizations,
relevant for the evaluation of urban climate protection programs are (1) Taking
preventive action in the face of uncertainty; (2) shifting the burden of proof to the
proponents of an activity; (3) exploring a range of safer alternatives to possibly harmful
actions; (4) increasing public participation in decision-making (Kriebel & Tickner, 2001).
These concepts will be taken up again in Chapter 7°s recommendations.

This overview of the impacts of climate change, the basic strategies to address its
challenges, and norms for climate protection seeks to provide a basis for the evaluation of
new policies and research for urban development. The concepts of sustainable
development and environmental justice are offered as initial principles to evaluate the
merit of adaptation and mitigation options for climate change and variability, although
the exact mechanisms for applying these concepts remains to be developed. As the
international and national basis for collective action on mitigation of climate change

remains undeveloped, cities become the most essential forum for effective public actions
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on climate adaptation and mitigation. As well, the overview here of the public health
impacts of high temperatures and summertime heat in cities is to provide a basis for the
following chapter, which will describe the rationale and hypothesis for research on heat-

associated mortality in New York City.
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Chapter Three

Rationale for research on heat-related mortality in New York City

This chapter presents the hypothesis and rationale for research on how
neighborhood characteristics, including the urban heat island effect (UHI), may influence
heat-associated mortality in New York City. It then discusses a model for the influence
of place on health that has helped to frame this inquiry. The following chapter will then
present the methods, data and results for the ecological analysis of heat-related mortality
in New York City places (henceforth called “neighborhoods,” although proxies are used

and discussed below) introduced in this chapter.

Heat Exposure and Built Environment Factors

One of the goals of this research investigating the UHI effect is to identify
potentially modifiable elements and exposure routes that contribute to heat-health
impacts. Previous research has suggested that the spatial distribution of the heat island
effect may be a factor in creating areas of higher risk of heat-related mortality within
NYC. Clarke (1972) suggested that the combined effect of increased radiant heat load in
cities with reduced ventilation and higher ambient temperatures creates unhealthy
conditions during hot days and heat events. Noting that the death rate was higher in cities
than in outlying suburban and rural areas during heat waves, Clarke was one of the first
to suggest that excess deaths during heat events may be reduced through urban design
and land-use measures. Brick and concrete have a higher heat conductivity and storage

capacity than natural land-cover; much of the daytime solar radiation is effectively stored
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in urban structures. During nighttime, the solar heat stored in buildings is reradiated to
the immediate environment, keeping the interior air temperature of un-airconditioned
buildings warmer than that of the exterior atmospheric environment (Clarke, 1972;
Smargiassi, 2008). Urban design and the clustering of building groups and vegetation
affect the counter radiation between buildings and the cooling rate.

In addition to the temporal variability of the urban heat island, which has its
greatest magnitude in New York during clear summer and fall nights (Pefia, 2003), there
is intra-urban spatial variability as well. Heat island intensity has been found to be
spatially heterogeneous in urban landscapes, so that some areas may be significantly
cooler than others during a heat wave (Harlan et al., 2006; Smoyer, 1998). The thermal
environment (microclimates) within cities varies because of their physical layout and
urban design, mix of uses, and vegetative cover and street trees (Hart & Sailor, 2008;
Slosberg et al., 2006). Hart & Sailor (2008) found that roadway area density was an
important determinant of local urban heat island magnitudes for Portland, Oregon, while
the main factor distinguishing warmer from cooler areas in the Portland metropolitan
region was tree canopy cover. The association between the thermal environment of
neighborhoods and demographic risk factors for heat-related health effects was found to
be significant in the city of Phoenix, where “lower socioeconomic and ethnic minority
groups were more likely to live in warmer neighborhoods with greater exposure to heat
stress” (Harlan et al., 2006).

Exposure to high temperatures can occur in the indoors or outdoors environment.
The elderly and those with pre-existing medical conditions are vulnerable populations

whose exposure may occur indoors because these groups tend to spend most of their time
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indoors (Smargiassi et al., 2008). Building characteristics such as materials, orientation,
building height, number of windows, and year of construction may influence the effect of
ambient temperatures on indoor temperatures (Smargiassi et al., 2008).

Studies in North American cities of the relationship between the indoor
temperature of buildings and outdoor ambient temperatures report that they are “linked
by a linear relationship,” especially for buildings with natural ventilation (Smargiassi et
al., 2008). Sargiassi et al. (2008) measured the hourly indoor temperature in 75 dwellings
in residential buildings in Montreal during the summer of 2005 and found a linear
relationship between indoor and outdoor temperatures which was similar whether the
outdoor temperature was increasing or decreasing. They noted a lag time for temperature
effects, as outdoor conditions during the preceding hours influenced indoor temperatures
more than the actual current outdoor temperature (Smargiassi et al., 2008).

Although the heat island effect is expected to contribute to adverse health
outcomes within New York City, little is known about its spatial distribution in NYC
neighborhoods. Using thermal infrared data derived from Landsat imagery, Slosberg et
al. (2006) found that spatial variability in NYC’s surface temperatures was most
associated with changes in albedo and a measure of vegetation coverage, the Normalized
Difference Vegetation Index (NDVI). Using canopy-level air temperatures obtained
from five “Weatherbug” sites located on school rooftops in Manhattan, Brooklyn, the
Bronx and Queens, Gaffin et al. (2008) found intra-city variation in NYC’s hourly urban
heat island magnitude (about 2°C), with some locations showing cooler spots during the
daytime hours compared with exurban stations, and others showing a stronger heat island

effect.
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In summary, although the UHI effect is known to vary within cities in ways
relevant for exposures to heat, little is known in New York City how this affects health
outcomes and how the heat island effect interacts with other neighborhood
characteristics. Because this knowledge may suggest possible solutions to health
problems caused by heat exposure, the following section proposes research on the
relationship between neighborhood characteristics and heat-related mortality rates in New

York City.

Hypothesis and Rationale for This Research

Most previous research has assessed the vulnerability factors for heat-related
mortality at the individual level or at the city-scale. However, research on the intra-urban
context suggests that the physical and social environments of neighborhoods are
important for understanding the spatial and social distribution of heat-related mortality
(Harlan et al., 2006; Klinenberg, 2002; Smoyer, 1998).

Although the spatial variability of the heat island effect may contribute to patterns
of health outcomes, no research has yet explored the relationship of intra-urban variation
in temperature and excess mortality during heat events in New York City. Similarly,
although the temperature-mortality relationship is well-established in New York City, it
is not well understood how neighborhood or place-based conditions may influence
patterns of heat-related mortality.

In a recent study of how intra-urban variations of the surface heat island might
affect heat-related health effects, Smargiassi et al. (2009) examined whether people

residing in micro-urban heat islands were at a higher risk of mortality during hot summer
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days in Montreal. Using 14 years of daily mortality data for Montreal (Canada) and
Landsat satellite thermal infrared imagery to derive surface temperature data scaled to the
postal code of the place of death, they found that “the risk of death on warm summer days
in areas with higher surface temperatures was greater than in areas with lower surface
temperatures” (Smargiassi et al., 2009, p.659). The results of this study suggest that a
similar relationship may exist in New York City; thus, this research is important because
it may be used to directly advise the planning and design of interventions aimed at
reducing heat-health impacts.

This research examines the relationship of variations in the surface heat island and
risk of mortality among seniors aged 65 years and older during summertime heat events
in NYC using remotely-sensed thermal infrared surface temperatures, which can locate
neighborhood sources of high sensible heat flux and hot spots created by low-albedo
impervious land-cover. A goal of this study is to explore the association between
mortality and warmer areas (or, heat island microclimates), controlling for social
vulnerability factors. To understand the relative importance of place-based
characteristics like the surface heat island effect in creating greater risk, a range of
demographic, socioeconomic, and health status factors that may influence mortality rates
during heat events are also examined. My hypotheses are that: (1) surface temperatures
and heat will be greatest in New York City neighborhoods that are the most impoverished
and non-white; and (2) mortality during a heat wave is more likely to occur in hotter
neighborhoods that are also vulnerable due to their demographic and physical context.

A goal of this research is to question if and how heat-related health inequities

occur in New York City neighborhoods, through a geographical analysis of the social and
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spatial determinants of heat-related morbidity and mortality. Examining the associations
between surface temperatures and vulnerability indicators may help support the creation
of place-based climate adaptation policies that are protective of public health. The
question of how microclimates are distributed within city neighborhoods, and whether
they influence rates of heat-related illness and death, is relevant today as NYC plans
responses to climate change and extreme events through public education and outreach,
health alerts, urban design, greening, and social policy initiatives.

New York City’s preventive efforts to reduce the risk of heat-related illness and
injury include public and provider education and outreach and provision of free air
conditioners for low-income senior citizens; response measures during heat emergencies,
such as opening cooling centers and enhanced outreach to vulnerable populations; and
longer-term urban design strategies to cool ambient temperatures. New York City has
recently implemented several heat island mitigation strategies through its PlaNYC 2030
initiatives, with changes in the building code to require the use of reflective “cool” roofs,
provision of a property tax abatement incentive for the use of green living roofs, and the
pledge to plant one million trees in the city by 2017. However, little is known about how
effective these increasingly popular urban design strategies might be in ameliorating the
substantial public health effects of climate extremes, or how to evaluate their
effectiveness. This study examines the role of land cover and biophysical characteristics,
the built environment and social factors in creating urban climate impacts and heat-health
outcomes, to evaluate the spatial and temporal features of heat vulnerability and heat
island impact in NYC neighborhoods. The heat island effect in NYC is described

through analysis of high-resolution satellite data of land surface temperature, and
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compared to the spatial distribution of heat-related mortality rates. These questions
should be useful for evaluating the potential health benefits from climate adaptation
programs and for assessing the distribution of heat island effects in NYC neighborhoods.

Communities of color in NYC have often borne a disproportionate exposure to
toxic pollutants and hazardous facilities, while often also sharing in fewer of the
amenities such as parks and recreational space (Karpati et al., 2004; Maantay, 2001).
Heat has been conceptualized as an emerging urban pollutant that affects air quality and
public health, and may be relatively higher in minority and low-income urban
neighborhoods (Harlan et al., 2006; Stone, 2005). Inner-city neighborhoods tend to have
increased air temperatures, leading to reduced air quality, higher electricity use, and
health impacts (Rosenthal et al., 2003; Voogt, 2002). This research explores if higher
surface temperatures are distributed unevenly as well; and if so, might this contribute to
greater exposures and disparities in heat-related health outcomes among different racial,
ethnic and socioeconomic groups? Understanding this aspect of the effect of the built
environment on climate and health may help inform the better design of community-
based adaptive planning initiatives in NYC neighborhoods by describing their
environmental justice implications.

Increased knowledge of the impacts of the built environment and neighborhood-
level characteristics on seniors’ mortality during heat events should also help identify
locations and population groups at greatest risk for heat-related injury while informing
the search for modifiable exposures. Excessive summertime heat and heat waves are
expected to increase in frequency and duration in NYC in the coming decades

(NYCPCC, 2009). In “Climate Change and Health: Strengthening the Evidence Base,”
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Andrew Haines, M.D. (2008) wrote, “Studies of the potential impacts of climate change
and the effectiveness of adaptation strategies need to take into account the likely
difference in vulnerability of populations according to their location" (p.411). This study
of neighborhood-level determinants of heat vulnerability seeks to generate greater
understanding of place-based vulnerability in New York City, with methods that are

generalizable to other urban centers in the United States (Reid et al., 2009).

Place and health

The conceptual basis for this research is located in the growing body of
scholarship examining the influence of place-based characteristics and context on
population health. For much of the post-World War II period, environmental health
research focused on understanding the individual-level risk factors and their associated
biological mechanisms that may lead to disease causation and disparities in mortality
rates (Corburn et al., 2006; Diez Roux, 2001; Schwartz, 1994). More recently,
recognition of the effects of place as a determinant of the distribution of health outcomes
has increased. Researchers from medicine, epidemiology and the social sciences are
increasingly interested in understanding the cumulative effects of the spatial clustering of
physical and psychosocial hazards often experienced in low-income and communities of
color (Bullard, 1990; Corburn et al., 2006; Northridge et al., 2003). In particular, the
environmental justice movement has sought increased understanding of the differential
exposures to environmental hazards experienced by some communities and their linkages
to persistent ethnic/racial health disparities (Bullard, 1990; Corburn et al., 2006;

Northridge et al., 2003).
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Ecological studies, in which populations or groups are the units of analysis, rather
than individuals, have been frequently used by health and social science researchers to
examine determinants of population health (http://www.rfcom.ca/glossary/index.shtml).
The present study uses both aggregate population health data and data on community
properties to examine their association with the temperature-mortality relationship in
New York City. While ecological studies have a long history of use in epidemiology,
they traditionally have been viewed as a means of generating hypotheses for the study of
individual-level risk factors because they cannot evaluate the role of individual-level
factors as confounders, mediators or modifiers of the area effect (Diez Roux, 2001;
Schwartz, 1994). However, there is growing appreciation of ecological research by
epidemiologists and social scientists for use in assessing the effects of area-level
properties, particularly because studies using different research designs such as multilevel
studies have consistently documented an independent effect of area-level properties after
individual-level indicators have been controlled (Diez Roux, 2001; Schwartz, 1994). The
use and limitations of ecological analysis are further discussed in Chapter 6; the point
here, however, is to assert that the characteristics and qualities of “place” or
neighborhoods have an influence on population health as do individual-level
characteristics, behaviors, history and status (Corburn et al., 2006; Diez Roux, 2001;
Kawachi & Berkman, 2003).

The definition of “neighborhood” is a contested concept. Cultural norms, land-
use patterns, and transportation modes have changed greatly since Clarence Perry, a
founder of the Regional Planning Association, defined neighborhoods based on a five-

minute walking radius in the 1920 New York Regional Plan. Thus originally
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conceptualized, the neighborhood was viewed as a component of a town approximately
160 acres in size, based on pedestrian access to activities and centered on social and
cultural uses such as schools (TCRPC, 2004). At the recent MillionTreesNYC 2010
Research Symposium (March 5, 2010), Andrew Rundle, an epidemiologist studying the
effect of New York City’s built environment characteristics on health outcomes,
described his mental map of neighborhoods as roughly the geographically-bounded area
within a 10-minute walking radius of where people live. This is fairly close to what
many transit-oriented development (TOD) planners would consider the maximum
optimal walking distance to transit (e.g., see Calthorpe Associates TOD Guidelines,
1992).

For an ecological study of place-based characteristics and mortality rates in New
York City, ideally a neighborhood would geographically encompass the locale which
structures social relationships for its residents, or in the words of the environmental
justice (EJ) movement, where people “live, work and play”: thus, a neighborhood would
be defined through use of a local process (Diez Roux, 2001). For this study, however,
administrative proxies for neighborhoods are used for practical reasons: they are the
levels at which the spatially-disaggregated data necessary for the analysis are available.
These areas include NYC’s 59 Community Districts (CDs) and 42 United Hospital Fund
(UHF) areas; the definitions of these areas are discussed in greater detail in Chapter 4.
Despite this limitation and despite the heterogeneity within these areas, the places
contained within Community Districts and UHF areas often share common histories, built
environments, and socio-economic characteristics, and their use in ecological analysis is

a much finer scale of spatial disaggregation compared with previous ecological studies
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that use New York City or the metropolitan region as the reference spatial unit. Many
Community Districts represent areas commonly identified by New Yorkers as
neighborhoods; for example the Upper West Side (107), East Harlem (111), the Upper
East Side (108), Midtown (101), Coney Island (313), Bushwick (304), Queens Village
(413), Sunset Park (307), Jackson Heights (403), among others, while other CDs
encompass more than one neighborhood: Flushing/Whitestone (407) and East New
York/Starrett City (305), and so on. Other studies on the effect of the built environment
on health outcomes in New York City have used the smaller census tract as the spatial
unit of analysis (Rundle et al., 2007); that approach was not possible for this study due to
data instability caused by the relatively small number of death counts at that finer-scale.

In the long run, heat-associated mortality rates will also be greatly affected by
actions taken at the global and national scale, the consequences of those actions, and state
policies towards greenhouse gas mitigation. Although national and global scales are
irreducibly linked to the individual, neighborhood and municipal contexts through
policies, culture, and the economy, their influence is beyond the scope and direct
consideration of an ecological study (Corburn et al., 2006).

Nevertheless, the impacts of neighborhood conditions on population health are
important and should be analyzed to target climate adaptation strategies (Rosenthal et al.,
2007). Research on geographic variation in risk and the factors underlying such variation
may help to better target existing preventive efforts and assist in developing new
initiatives focused on high-risk areas (Smoyer, 1998). Health researchers have theorized
that neighborhood conditions and characteristics may exert an effect on health through

influence on behaviors, such as risk-taking and levels of physical activity, or by acting to
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modify the influence of environmental exposures on individual-level health, through
impacts on individual stress and the immune system (Clougherty & Kubzansky, 2009).
Examining a range of models for how neighborhoods may influence health outcomes,
Ellen et al. (2001) summarized four main pathways for these effects: (1) the availability
of neighborhood institutions and resources; (2) stresses in the physical environment; (3)
stresses in the social environment; and (4) impacts on neighborhood-based networks and
norms.

Ecological analysis of the association of place-based characteristics with health
outcomes can help in understanding the effect of local context on disease and mortality
(Schwartz, 1994). Individual exposure to environmental hazards is facilitated or
constrained by neighborhood environments, and population susceptibility to stressors
such air pollutants and excess heat may be influenced by the community or neighborhood
of residence. Research on neighborhood differences in health outcomes may be
especially relevant in the context of the increasing spatial concentration of poverty and
substandard housing conditions related to the economic recession. The limits of
ecological studies for analyzing intra-urban disparities in mortality rates and confounding

will be discussed further in the following chapters.

Conceptual Model

In an effort to disentangle the causes of persistent maternal and child health
disparities in low-income and communities of color, Morello-Frosch and Shenassa (2006)
proposed a framework on the interplay between individual and neighborhood-level

characteristics and how they may structure exposure and susceptibility to environmental
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hazards (Clougherty & Kubzansky, 2009). Their model offers a description of the effect
of place that is relevant for understanding vulnerability to heat mortality, how
neighborhood conditions may have both direct and indirect effects on health, and the
biologically-relevant mechanisms through which neighborhood conditions may be
expressed (see Figure 1, below).

This conceptual scheme features three main pathways for neighborhood-level
stressors to interact with individual characteristics and influence health. First, conditions
in the built environment, such as zoning for heavy manufacturing or substandard housing,
can present direct hazards to individuals from injury or increased exposures, or they may
influence health behaviors (e.g., reduced walking in poor-quality pedestrian
environments). Second, and relevant for heat-related mortality, neighborhood and street-
level urban design may create or facilitate conditions for increased exposure to
environmental hazards such as excessive heat.

Finally, neighborhood conditions can act indirectly as a stressor or buffer for
stress effects experienced by the individual because of their characteristics,
socioeconomic status, behaviors, and direct conditions. For example, people living in
high-crime Community Districts with a great amount of diesel truck traffic may
experience psychological stress from neighborhood conditions and physiological stress
due to cumulative exposures, thereby contributing to poor resilience to heat waves. In
this way, neighborhood characteristics may modify the effects of exposure to
environmental hazards, acting as buffers that reduce their harmful effects or stressors that

amplify hazards.
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A key concept is allostatic load, which is proposed as a mechanism for stress
effects on individual-level health (Morello-Frosch & Shenassa, 2006). Allostatic load
refers to accumulated stress and its “wear-and-tear” on bodily systems, which can result
in compromised immune function, enhanced general susceptibility, and increased
vulnerability to environmental stressors (Morello-Frosch & Shenassa, 2006, Clougherty
& Kubzansky, 2009). It is a physiological embodiment of accumulated stress and, as
hypothesized by Morello-Frosch and Shenassa (2006), the biological pathway that may
express neighborhood-level stressors in health outcomes. Their framework is relevant for
this research on heat-mortality, and begins to describe how interactions between the
different levels of social structures — from the individual, to the family, to the

neighborhood context — may express the impacts of place on health.
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Figure 3.1: Interaction between place and community-based characteristics and
individual characteristics in environmental health:

Model for Neighborhood-Health Interactions

Adapted from Morello-Frosch & Shenassa, 2006

stressors/buffers

Pollutant Response Health Ability to
source and E— —— W
location resilience effect

Community-level impact Individual-level impact

Adapted from Morello-Frosch & Shenassa, 2006

These ideas provide a useful framework for understanding the effects on health
from cumulative exposure to the multiple environmental and psychosocial hazards
experienced in some of New York City’s low-income communities. Socioeconomic
status (SES), a fundamental determinant of mortality, can be expressed in neighborhood
attributes in ways that can affect population health, for example, through housing quality
and access to public amenities. Socioeconomic status at the neighborhood and individual
levels is conceptualized as a basic determinant of mortality; health disparities can arise

due to the differential access to “money, knowledge, prestige, power and beneficial social
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connections” that accrue because of SES, regardless of other circumstances and potential
disease-causing mechanisms (Link & Phelan, 1995; Phelan et al., 2004). Place can
influence health through several pathways, and is in turn influenced by different levels of
political economy. The macro-level characteristics of the political economy and its
institutions -- which influence the availability and types of jobs, the possibility of
educational attainment and access to services and health care -- are powerful
determinants of population health that can be expressed through neighborhood-level

socioeconomic status (Link & Phelan, 1995; Phelan et al., 2004).

Chicago neighborhood case study

Klinenberg’s (2002) case study of the effects of neighborhood characteristics
during Chicago’s 1995 heat wave illustrates how these characteristics can act as stressors
or buffers for the health impacts of environmental hazards; a brief synopsis is provided
below.

By the end of the extreme heat wave that started in Chicago on July 12, 1995,
almost 800 excess deaths were recorded in death certificates. Hospital admissions from
heat exposure, heatstroke, dehydration, heat exhaustion, organ failure and related
conditions were over 1,000 above July norms, and thousands of Chicagoans affected by
heat-related illnesses were treated in emergency rooms.

Semenza and colleagues (1996) with the Center for Disease Control (CDC)
performed an extensive case-control study, analyzing over 300 matched pairs of heat
wave victims as cases and residents in the same neighborhood matched for age and

location as controls. Their study illuminated the individual-level risk factors that created
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greater risk for mortality during the heat wave. Similar to the findings of other
epidemiological studies of heat-related mortality, those with pre-existing health
conditions, who were unable to care for themselves, or who were socially isolated were at
highest risk. The majority of the excess deaths were older than sixty-five years of age,
and “the risk of death was reduced for people with working air conditioners and those
with access to transportation” (Semenza et al., 1996, p.84).

Maps of the heat-related deaths displayed a notable relationship between heat-
related mortality and certain community conditions (Klinenberg, 2002, p.84). Although
research by the Illinois Department of Public Health found that neighborhoods with high
rates of violent crime and high proportions of elderly residents were more likely to
experience heat wave deaths, the examination of community-area risk factors was limited
to that analysis. The public health studies conducted after the event were generally not
structured to examine variations in social conditions that led to widely differing mortality
and risk rates in Chicago neighborhoods.

Klinenberg’s examination of community-level risk factors for heat-related
mortality during the Chicago heat wave applied the ethnographic research methods of
sociology to an ecological analysis of neighborhood-scale trends that created risk for
vulnerable populations in that incident. Asking what social conditions at the community-
scale facilitated strong and effective social networks, he examined two matching
neighboring communities on the West Side of Chicago with similar population risk
factors but radically different heat wave mortality rates: North Lawndale and Little

Village.
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The obvious difference in the populations of these communities was their
ethnoracial composition — North Lawndale was 96% African American, and Little
Village was 85% Latino in 1995. However, both neighborhoods shared similar
proportions of the major population risk factors for heat-related mortality: North
Lawndale and Little Village both had comparable proportions of their senior population
living in poverty (26% and 22%, respectively) and similar numbers of seniors living
alone; both were low-income minority neighborhoods, with a high proportion of their
population at two times below the poverty level (71% and 62%, respectively). Yet, in the
July 1995 heat wave, North Lawndale suffered mortality rates 10 times that of Little
Village — and was one of the hardest hit neighborhoods in Chicago - while Little Village
had a mortality rate significantly lower than the Chicago average (Klinenberg, 2002).

Cultural arguments that Latinos have superior behavioral adaptation to hot
climates and that their unusually cohesive multi-generational family ties provided
protection during the heat wave were found unsatisfying for explanatory purposes by
Klinenberg. Rather, North Lawndale became, in the words of its residents, ‘“bombed
out.” Having lost 50% of its housing stock and roughly 60% of its population from 1960-
1990, while experiencing a sharp rise in drug- and gang-related crime and violence and a
collapse of its commercial institutions and street life, the social environment for North
Lawndale’s remaining residents was devastated.

The physical fabric of North Lawndale deteriorated overall during this time, and
as vacant lots and boarded-up buildings replaced the functioning built environment, risks
to seniors from the neighborhood increased. Without open stores and active street life,

there were fewer reasons for residents to walk around their neighborhoods and leave their
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homes. Ultimately, the inhospitable physical infrastructure changed the behavior of
residents and affected neighborhood life, as seniors too afraid to leave their homes at
night, or increasingly during the day as well, burrowed more deeply into their homes.

In sharp contrast to North Lawndale and literally across the street, Little Village
gained in population during this time period through immigration from Central America
and remained densely populated. The busy streets, active commercial areas, densely-
clustered households, and relative security of the Little Village neighborhood promoted a
more cohesive social ecology, and fostered the creation of stronger social ties. During
the 1995 heat wave, seniors felt safe enough to leave their homes during the day or night
to get relief in air-conditioned stores, and “the synergistic relationship between the
cultural dispositions of the dominant local group and the neighborhood ecology allowed
residents of Little Village to leave their homes, check up on vulnerable residents, and
minimize the impact of the heat” (Klinenberg, 2002, p.119).

Klinenberg concluded from his neighborhood case study that African Americans
had the highest death rates in the Chicago heat wave because “they are the only group in
the city segregated and ghettoized in community areas with high levels of abandoned
housing stock, empty lots, depleted commercial infrastructure, population decline,
degraded sidewalks, parks and streets, and impoverished institutions” (Klinenberg, 2002,
p-127). When high levels of crime and drug activities were added to those physical
conditions, the negative implications for the use of public space became prohibitive, with
adverse consequences for creating and sustaining strong social networks and positive

health outcomes.
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Conclusion

To recap and bring the discussion back to New York City, we see from the
Chicago example how strongly the characteristics of place can amplify or buffer the risk
of heat-related mortality from extreme heat events. The next chapter describes research
that explores this question within New York City through quantitative, rather than

ethnographic means, in order to gain an understanding of risk through the entire city.
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Chapter Four

An Ecological Analysis of Risk Factors in New York City Neighborhoods
for Heat-Related Mortality

Disclaimer: The research described in this chapter, an ecological analysis of heat-
associated mortality rates, was conducted with the supervision of Dr. Thomas Matte,
formerly the Research Director for the Bureau of Environmental Surveillance & Policy,
the New York City Department of Health and Mental Hygiene (DOHMH), Kristina
Metzger, PhD, formerly of the NYCDOHMH, and Professor Patrick Kinney, Mailman
School of Public Health, Columbia University. A portion of this research was supported
under a cooperative agreement from the Centers for Disease Control and Prevention
(CDC) through the Association of Schools of Public Health (ASPH) Grant Number
CD300430. The contents of this chapter are solely the responsibility of the author and do
not necessarily represent the official views of DOHMH, CDC, or any government
agency.

“The object, therefore, in constructing cholera maps is to obtain a
view of the geographical extent of the ravages of this disease, and to
discover the local conditions that might influence its progress and
degree of fatality.

For such a purpose, geographical delineation is of utmost value, and
even indispensable; for while the symbols of the masses of statistical
data in figures, however clearly they might be arranged in
systematic tables, present but a uniform appearance, the same data,
embodied in a map, will convey at once, the relative bearing and
proportion of the single data together with their position, extent, and
distance, and thus, a map will make visible to the eye the
development and nature of any phenomenon in regard to its
geographical distribution,”

Petermann, 1848; Statistical notes to the cholera map of the British Isles showing the
districts attacked in 1831, 1832, and 1833
Introduction

Understanding the development and geographical distribution of environmental
exposures and health outcomes remains a direct concern of public health and urban

planning, more than 260 years after Petermann’s description of why we map diseases,
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and more than 250 years after John Snow galvanized the nascent fields of epidemiology
and geography by mapping the spatial correspondence of cholera deaths and London’s
Broad Street water pumps.

This chapter describes the methods, data and initial results of an ecological
analysis of heat-sensitive mortality rates in New York City, examining the associations
between intra-urban characteristics and excess natural cause deaths during very hot days
from 1997-2006. Most previous epidemiological studies have examined risk factors for
heat-related mortality at the municipal or regional scale, and may have missed place-
based variation of vulnerability within heterogeneous urban areas and populations.
Identification of factors that create vulnerability in neighborhoods may help to target heat
emergency response activities to high-risk populations, and inform longer-term efforts to

create community resilience for adaptation to climate change.

Methods

An ecological design was used to evaluate the association between neighborhood-
scale characteristics (socioeconomic/demographic, the built and biophysical environment,
health status and risk behaviors) and senior citizen’s mortality rates during heat events in
New York City. As a measure of relative vulnerability to heat, this analysis used the
natural cause mortality rate ratio among those aged 65+ (MRRgs.), comparing extremely
hot days (maximum heat index 100+) to other warm season days. Data were pooled
across the years 1997-2006 at the neighborhood-level.

I evaluated associations of MRRgs, with neighborhood characteristics, including:

demographics such as neighborhood-level poverty concentration and educational
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attainment; social factors, such as prevalence of non-English speaking households;
physical characteristics, such as proportion of vegetative ground cover and summertime
surface temperatures; and housing factors, such as percent of walk-up apartment

buildings and lack of home air conditioning among seniors.

Definition of neighborhoods:

For this study, New York City’s Community Districts (CD) and the United
Hospital Fund (UHF) designated neighborhoods served as proxies for neighborhoods.

There are 59 community districts in the city, initially defined by a resident
consultative process organized by the Office of City Planning in the 1970’s to correspond
to residents’ own descriptions of neighborhoods (Galea and Ahern, 2005). They are
well-described administrative units with community boards, established by local law in
1975. The NYC Department of City Planning provides annual district profiles with
summary data on population size; birth, death and infant mortality rates; land area and
land uses; and levels of income support (NYCDCP, 2009), as well as Census 2000 data
aggregated from census tracts to the district level. Per DCP, Districts “range in size from
less than 900 acres to almost 15,000 acres, and in population from fewer than 35,000
residents to more than 200,000.” There are 42 United Hospital Fund (UHF) designated

neighborhoods in the city, defined by several adjoining zip codes.

Mortality data:
The health outcome measure used as the dependent variable in this analysis is a

measure of the relative risk of mortality by seniors aged 65 and older on very hot days.
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Daily counts of natural cause deaths at the Census tract level for persons age 65 and over
for the period 1997 through 2006 were obtained from the NYC Department of Health and
Mental Hygiene Office of Vital Statistics. We aggregated mortality counts at the census
tract level to the neighborhood level, both for community districts (CD) and United
Hospital Fund (UHF) areas.

We calculated the rate ratio of natural deaths per day for seniors on days when the
maximum Heat Index was 100 or above compared to all days during the May 1 — Sept. 1*
warm season, for the years 1997 — 2006 to derive a neighborhood-based mortality rate
ratio, the MRR65+.1 The Heat Index (HI), or apparent temperature, is a measure that
combines relative humidity and ambient temperature (Steadman, 1979). This analysis
used the same meteorological data set developed by Metzger et al., 2009. Hourly
meteorological data from the National Climatic Data Center were obtained for the three
New York City stations located at Central Park, La Guardia airport, and John F. Kennedy
airport for 1997-2006. The meteorological data from La Guardia airport was used
because it had the most complete records during the study period (Metzger et al., 2009).
The “Heat Index was calculated using ambient temperature (F) and relative humidity (%)
for ambient temperature of > or = 80°F and relative humidity of > or = 40% (Metzger et
al., 2009, p.81).

There were 49 days during the reference time period where the HI equaled 100 or
above. The reference period used, the entire May-September warm season during the
study period, is a total of 1530 days. The health outcome measure is discussed further in

Chapter 6.
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Associations of the mortality rate ratio, MRRgs,, with the vulnerability factors
described below were evaluated. For 59 Community Districts, the MRRgs, has a range
from 0.8037- 1.4059 and a mean of 1.0552; and a mean of 1.0507 for 42 UHF

neighborhoods.

Table 4.1: Mortality rates and counts in New York City

Mean of Mean weighted
Mortality rate ratio, | area-based by senior
65 + MRR65+ 95% CI Range population
Community Districts 1.0552 (1.0206, 1.0897) | (0.8037, 1.4059) 1.0479
UHF areas 1.0507 (1.0159, 1.0855) | (0.7411, 1.4063) 1.0464

Mortality counts and hot days in New York City, 1997-2006

Average year-round natural cause deaths per day, all ages: Approx. 145
Average warm season natural cause deaths/day for age 65+: Approx. 98 (97.6)
Average natural cause deaths/day for age 65+ on very hot days*: Approx. 102 (102.4)
Total warm season natural cause deaths 1997-2006 for NYC: Approx 150,000
Average by Community District for the warm season 1997-2006: 2,531 (SD 1,134)

* Hl equal to or above 100
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Mortality rate ratio, 65+ by
United Hospital Fund neighborhoods (42)
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Map 2:

Mortality rate ratio for 65 years and older on days
with a Heat Index = or > 100 during 1997-2006

Rate ratio for heat-related mortality

NYC Community Districts
MRRG5+
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[ |oo170-1.0404

Mortality rate ratio data from the NY'C Depariment of Public Health
and Mental Hygiene"s Bureau of Environmental Surveillance and Policy
Map by Joyce Klein Rosenthal, 2009
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Data on vulnerability factors:

A range of neighborhood-level characteristics that might influence the risk of
heat-related mortality during excessively warm days were examined. An inventory of
over 40 independent variables was created from the substantial literature documenting the
public health effects of excess heat in the epidemiology, sociology, urban climate and
urban planning fields. These were categorized into four main groups: (1) factors in the
built environment (housing conditions and land-use); (2) demographic and area-level
socioeconomic status; (3) characteristics describing the neighborhood’s biophysical
environment; and (4) risk characteristics describing neighborhood-level prevalence of
health measures (e.g., diabetes, obesity, hypertension) and risk characteristics (e.g., heavy
drinking) (see Table 4) and used as the independent variables in linear regression with the
health outcome measure, the neighborhood-level mortality rate ratio, described above.

Sources for these data included the 2000 US Census, the New York City
Department of Health and Mental Hygiene (NYCDOHMH); the New York City
Department of City Planning (DCP); the New York City Department of Housing
Preservation & Development (HPD); the New York City Department of Finance; the
United States Forest Service, and the National Aeronautics and Space Administration
(NASA). A geographic information system (GIS) for NYC was created, with layers

corresponding to each data set used in the analysis.
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Demographics

Demographic and socioeconomic data derived from the Census 2000 aggregated
to the Community District level (n=59) were provided by the NYC Department of City
Planning and by the NYCDOHMH for United Hospital Fund areas (n=42).

Health status

Data on health status, disease prevalence and risk behaviors aggregated to 42
United Hospital Fund (UHF) neighborhoods were provided by the annual NYC
Community Health Survey (CHS), an annual telephone survey conducted by the
DOHMH, Division of Epidemiology, Bureau of Epidemiology Services, which seeks to
provide robust data on the health of New Yorkers. The CHS develops neighborhood,
borough and citywide estimates for a range of chronic diseases and behavioral risk
factors (NYCDOHMH, 2009).

The CHS is based upon the National Behavioral Risk Factor Surveillance System
(BRFSS) conducted by the Centers for Disease Control and Prevention, and is a cross-
sectional survey that samples approximately 10,000 adults aged 18 and older from all five
boroughs of New York City. All data collected are self-report. CHS 2007 included
questions on the following health topics in its survey: general health status, health care
access, cardiovascular health, diabetes, asthma, immunizations, mental health, smoking,
second-hand smoke, obesity, commuting patterns, physical activity, cancer screening,
HIV, sexual behavior, birth control, drug use, and domestic violence. A number of
demographic variables are included to facilitate weighting and to allow for comparisons

between groups of New Yorkers. Community Health Surveys use a stratified random
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sample in order to produce citywide, as well as neighborhood-specific, estimates. Strata

were defined using the UHF neighborhood designations (NYCDOHMH, 2009).

Built environment

For data on building characteristics, I used New York City’s dataset on properties
at the tax lot level, the Primary Land Use Tax Lot Output (PLUTO) data, from the New
York City Department of City Planning (DCP). PLUTO contains extensive land use and
geographic data at the tax lot level, including tax lot and building characteristics,
geographic/political/administrative districts, and geographic fields formatted for use with
mapping files. Additional land use data was provided by the Department of Finance Real
Property Assessment Data.

Data on residential building conditions were provided by the New York City
Housing and Vacancy Survey (HVS, 2002) and rates of property tax delinquencies (Class
1 and Class 2 housing) were provided by the NYC Department of Housing Preservation

and Development (HPD).

Biophysical environment

Vegetative cover and trees:

Vegetative cover of NYC neighborhoods was assessed through land-cover
imagery provided by the US Forest Service, Northeastern Research Station. The Emerge
dataset provides raster data with the City’s land-cover classified into four categories: tree

cover, grass cover, impervious surface cover (buildings, roads, parking lots, etc.) and
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water. Pixel size is three feet; the data were acquired from aerial photography in

September 2001 and June 2002.

Surface temperature data:

I developed maps of New York City surface temperatures using three daytime
Landsat 7 scenes from the summer of 2002 (7/22, 8/14 and 9/8) and one nighttime
ASTER observation of NYC (10/3/05) for preliminary analysis with the neighborhood-
level natural cause mortality rate ratio among those aged 65+ (MRRGgs.).

NASA collects remotely sensed thermal infrared data after 2000 through sensors
on its ASTER and Landsat satellites. ASTER (Advanced Spaceborne Thermal Emission
and Reflection Radiometer) provides high-resolution (15- to 90-meter) multispectral data
from the Terra satellite after 2000. ASTER's thermal infrared (TIR) sensor provides 5
bands at 90-meter resolution (USGS, 2009), and ASTER TIR data provided an
atmospherically-corrected surface temperature data product.

Landsat satellites have provided multispectral observations of the Earth for over
30 years (USGS, 2009). The primary source of Landsat data used here is from Landsat 7
ETM+ (Enhanced Thematic Mapper Plus), which provides high-resolution (15- to 60-
meter) multispectral data from 1999 to present. Thermal infrared data from Band 6 has a
60-m spatial resolution at a spectral resolution of 10.40 - 12.50 pm.

ASTER data were provided by NASA; the Landsat scenes were provided with
pre-processing (conversion of data to surface temperatures and atmospheric corrections)
by the NASA Goddard Institute for Space Studies (GISS) (see Slosberg et al., 2006).

Additional information on these variables can be found in the Results section below.
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Analysis:

Bivariate and multivariate regression was used to assess the relationships between
the heat-related mortality rate ratio and the suspected vulnerability measures noted above.
Bivariate relationships between the mortality rate ratio (MRRgs4) and each of the
candidate variables were analyzed.

Correlations between these explanatory variables were assessed using Pearson’s
correlation coefficient, to identify groups of variables tending to capture the same
phenomena. For example, the percent of population in poverty and measures of
educational attainment are so very strongly correlated (r = 0.89) at the neighborhood
scale that it does not make sense to include both variables in multivariate modeling.
These correlations among variables were used to select one or two among many
correlated metrics of the similar factors.

Bivariate analysis was stratified by potential confounders to assess interaction and
effect modification. Risk characteristics with the greatest R’ value were selected for
multivariate regression at the neighborhood-level.

Analysis of the candidate variables relationship with the CD or UHF-level
mortality rate ratio, the aggregated risk ratio of excess mortality during hot days (Heat
Index >= 100) compared to other days during the May-October warm season were
summarized using:

o Scatterplots (see Figs 1-18 in text and in Appendix).

o Correlations and bivariate linear regression, with and without influential
outliers.

o Generalized linear and ordinary least square models for multivariate

regression.
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Results

The following section discusses an extensive bivariate regression analysis, which
served as screening for subsequent multivariate regression.

Following that, this chapter includes: (1) bivariate regression stratified by poverty
and income levels; (2) analysis of the mortality rate ratio (MRRgs,) stratified by surface
temperature; (3) the results of multivariate regression modeling of predictors of the
mortality rate ratio, air conditioning access, and the surface urban heat island; and (4) a
brief discussion of two adjacent Bronx neighborhoods with a wide variation of mortality
rate ratios (the highest and lowest MRRgs, for Community Districts). The following
chapter includes a further discussion and interpretation of the quantitative results and

questions for further research.

Bivariate Analyses:

The section is structured as follows. I begin by describing the relevance of each
independent variable to the analysis of heat-related mortality risk and its data source, and
conclude with a brief discussion of the results. Scatterplots depicting the relationship
between the independent variable and the mortality rate ratio, with the regression
trendline are included in the text or Appendix. Maps of the spatial distribution of these
characteristics are provided in a few cases; additional maps are in the Appendix.

This first exploratory phase examined and screened a wide range of factors
relevant to the quality of the neighborhood built environment and population health that
may impact vulnerability to extreme heat events and assessed their correlation with each

other, to select the best indicators for further analysis. For the purposes of further
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analysis, regression coefficients were considered to be significantly different from zero at
P<0.10 (for Pearson’s correlation coefficient, r, that is equal to or above .21 for

Community Districts and 0.25 for UHF areas).”

I. Neighborhood-level Demographic Characteristics and Socioeconomic Status

Seniors Living Alone:

Living alone was one of the leading risk factors for heat-related and
cardiovascular deaths during the 1995 Chicago heat wave (Semenza et al., 1996).
Similarly, Klinenberg (2002) found that senior citizen’s living alone with limited social
contact had high mortality rates during that heat wave.

Several neighborhood measures of seniors living alone were derived from Census
2000 data (Table SF1P-108). Map 3, below, shows the percent of total households with

persons aged 65 and older living alone by Community District.



Map 3:

Percent of Total Households with Person Age 65+
Living Alone

5.1% - 8.0%
| T%-2.8%
[ a7%-104%
[ 105% - 12.7%
P 12.8% - 18.0%

Census 2000 data; Table SF1 P-108:
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Linear regression with the percentage of households with seniors living alone by
CD showed no association between this variable and senior’s elevated risk of mortality
on very hot days (r=0.07) (Figure C-1 in the Appendix).

Brooklyn CD 313, the neighborhoods of Coney Island and Brighton Beach, is a
notable outlier; with the City’s highest percentage of households that are seniors living
alone (18.9%) and a heat-related mortality rate ratio well below the City’s average (.884).
While removal of this outlier made no discernable difference to the correlation of heat-
related mortality with seniors living alone, it may be useful to explore what social or
other characteristics are protective in communities where almost 20% of households are
single seniors. It is notable that in the 2007 DOHMH program to distribute free air
conditioners to low-income at-risk seniors, the two zip codes with the highest number of
distribution were in Coney Island and Brighton Beach.

We also examined the relationship between the percent of the total senior
population (age 65+) in each Community District that lives alone with the mortality rate
ratio; no discernable relationship is seen for this measure as well as other measures of
seniors living alone (r=0.00), such as percent of total population that are seniors living

alone by Community District (Figures C-2 — C-6 in the Appendix).

Community Health Survey data:

A similar result was seen using self-report data provided by the 2007 NYC
Community Health Survey (CHS) on the percent of the senior (65+) population that lives
alone, aggregated to the level of 42 United Hospital Fund neighborhoods. No correlation

was seen (r=0.08) for the percent of seniors living alone by UHF neighborhoods with the
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MRRgs., and removal of an outlier (Richmond, Staten Island) made negligible difference

in these results.

Measures of Poverty and Income:

Income is considered by many as a fundamental determinant of health and
socioeconomic status, and there is ample evidence that poorer communities experience
both higher rates of disease and mortality, and worse health outcomes compared to more
wealthy areas. Health disparities have been found in higher rates of asthma,
cardiovascular disease, and overall mortality rates in areas with concentrated social and
economic deprivation (Corburn et al., 2006; Ellen et al., 2001; Karpati et al., 2004).

Neighborhood-level poverty status played a significant role in creating places of
relative deprivation, although cultural and social factors either mitigated or aggravated
the effects of impoverished communities on heat-related mortality, in the Chicago 1995
heat wave (Klinenberg, 2002). Low income and minority populations were found to have
greater exposure to heat stress in Phoenix (Harlan, 2006).

Several measures of income and poverty status were examined using 2000 US
Census data. First, the percentage of seniors aged 65 years and older below the poverty
rate (Figure C-7 in the Appendix) was calculated using data on persons for whom poverty
status is determined by poverty rate in 1999 by age. I also examined the percent of total
population (all ages) below poverty level (Figure C-8, Appendix) by Community
Districts and UHF neighborhoods. Finally, I examined the proportion of population in

each CD that was 200% below the poverty level.
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For Community Districts, a weak positive association between population poverty
status (all ages) at the neighborhood-level and the mortality rate ratio was suggested, with
r values higher for the percent of total population in poverty (.255) than for the percent of
seniors in poverty (.197).

Removal of two outliers Districts (Brooklyn 16 and Bronx 2) from the analysis
increased the association (see Figure 4.1, below). These CDs have both high poverty
rates and low mortality rate ratios (CD 202 is Hunts Point/Longwood in the South Bronx,
with 42.7% below poverty and a mortality rate ratio is 0.85; CD 316 is Ocean
Hill/Brownsville in Brooklyn, with 45% of population below poverty, and a mortality

rate ratio of 0.85).

Figure 4.1: Percent of total population below poverty level by Community District,
without influential points CD 316 and 202
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Figure 4.2: Percent total population below poverty level by UHF-area (42)
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The relationship of the total population by Community District (CD) below 200%
of the poverty level (Census 2000) with MRRgs, was similar to other measures of income
and poverty. A trend for an increasing mortality rate ratio as percent of residents below
200% of poverty level increased could be seen for CD’s (r=0.237), which strengthened
with the removal of CD 106 (Stuyvesant Town) and 202 (Hunts Point/Longwood),
r=0.352 (Figure C-9 and C-10 in the Appendix). A similar relationship holds for this

metric in UHF areas, with r= 0.36 (Figure C-11, Appendix).

Table 2, below, classifies Community Districts into three groups by their percent
of total population below poverty. Notably, in the most impoverished CD’s (the highest
third of for poverty status) with roughly 30-45% population below poverty, there is wide

range in the mortality rate ratio, from the lowest rate citywide (.8037) to the highest
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(1.4059). The two CD’s with the highest and lowest MRRgs, are adjacent to each other
in the West Bronx. Examining the characteristics of CD’s with relatively high poverty
rates and low mortality rate ratios may help illuminate what can be protective for seniors

during heat events; discussion follows later in the chapter.



Table 4.2:  Average mortality rate ratios by poverty ranking for
Community Districts

Average
Percent mortality rate
Percent population Median ratio by
Total population 65 under 1999 Household poverty group,
CcD Borough Neighborhoods Population and older  poverty level Income 65+

503 Staten Island 3  Tottenville/Great Kills 152,908 10.49 4.90 $64,260
108 Manhattan 8 Upper East Side 217,063 14.23 6.53 $74,130
411 Queens 11 Bayside/Little Neck 116,404 17.18 6.58 $57,960
413 Queens 13 Queens Village 196,284 12.16 7.27 $57,080
106 Manhattan 6 Stuyvesant Town/Turtle Bay 136,152 14.90 7.78 $68,940
101 Manhattan 1 Financial District 34,420 7.14 8.77 $79,475
502 Staten Island 2 S. Beach/Willowbrook 127,071 13.65 9.10 $56,610
408 Queens 8 Hillcrest/Fresh Meadows 146,594 14.23 10.60 $48,705
210 Bronx 10 Throgs Neck/Co-op City 115,948 17.75 10.67 $41,950
102 Manhattan 2 Greenwich Village/Soho 93,119 11.66 10.81 $65,460
107 Manhattan 7 Upper West Side 207,699 13.13 10.94 $64,125
406 Queens 6 Rego Park/Forest Hills 115,967 18.72 11.18 $47,520
105 Manhattan 5 Midtown 44,028 10.49 11.27 $69,075
410 Queens 10 S. Ozone Park/Howard Beach 127,274 11.81 11.40 $47,260
318 Brooklyn 18 Flatlands/Carnarsie 194,653 11.20 12.32 $48,085
407 Queens 7 Flushing/Whitestone 242,952 15.83 13.25 $43,480
405 Queens 5 Ridgewood/Maspeth 165,911 13.71 13.80 $40,870
310 Brooklyn 10 Bay Ridge/Dyker Heights 122,542 16.20 14.18 $43,090
409 Queens 9 Ozone Park/Woodhaven 141,608 9.39 14.78 $42,500
306 Brooklyn 6 Park Slope/Carroll Gardens 104,054 8.84 15.22 $53,090

Average for 20 least impoverished Community Districts 140,133 13.13 10.57 $55,683 1.0260
104 Manhattan 4 Clinton/Chelsea 87,479 11.66 15.27 $50,580
501 StatenIsland 1 St. George/Stapleton 162,609 11.09 15.73 $46,515
402 Queens 2 Woodside/Sunnyside 109,920 10.97 16.49 $38,965
412 Queens 12 Jamaica/Hollis 223,602 11.32 16.73 $40,435
211 Bronx 11 Morris Park/Bronxdale 110,706 15.54 16.97 $35,755
315 Brooklyn 15 Sheepshead Bay 160,319 18.07 17.15 $37,450
208 Bronx 8 Riverdale/Fieldston 101,332 17.65 17.72 $42,370
403 Queens 3 Jackson Heights 169,083 10.12 19.11 $39,340
404 Queens 4 Elmhurst/Corona 167,005 8.33 19.32 $36,470
212 Bronx 12 Williamsbridge/Baychester 149,077 11.48 19.58 $36,870
311 Brooklyn 11 Bensonhurst 172,129 17.02 19.62 $33,965
317 Brooklyn 17 East Flatbush 165,753 9.07 20.02 $34,040
401 Queens 1 Astoria 211,220 11.00 20.14 $35,750
414 Queens 14 Rockaway/Broad Channel 106,686 14.17 22.36 $33,815
314 Brooklyn 14 Flatbush/Midwood 168,806 10.55 23.12 $32,425
302 Brooklyn 2 Fort Greene/Brooklyn Heights 98,620 10.04 23.50 $44,180
309 Brooklyn 9 South Crown Heights/Prospect 104,014 9.76 24.28 $29,980
307 Brooklyn 7 Sunset Park 120,063 8.62 24.91 $33,760
308 Brooklyn 8 Crown Heights 96,076 9.48 27.52 $28,780
103 Manhattan 3 Lower East Side/Chinatown 164,407 13.44 28.35 $28,745

Average for 20 Community Districts 142,445 11.97 20.39 $37,010 1.0319|
312 Brooklyn 12 Borough Park 185,046 12.69 28.55 $29,780
313 Brooklyn 13 Coney Island 106,120 20.83 29.08 $22,670
209 Bronx 9 Parkchester/Soundview 167,859 9.02 29.09 $28,295
112 Manhattan 12 Washington Heights/Inwood 208,414 9.88 29.76 $28,865
109 Manhattan 9 Morningside Heights/Hamilton 111,724 9.91 31.74 $27,365
207 Bronx 7 Kingsbridge Heights/Bedford Pe 141,411 7.66 32.99 $27,740
305 Brooklyn 5 East New York/Starrett City 173,198 7.97 33.16 $25,505
301 Brooklyn 1 Greenpoint/Williamsburg 160,338 9.64 34.70 $26,325
303 Brooklyn 3 Bedford Stuyvesant 143,867 9.13 35.07 $23,495
110 Manhattan 10 Central Harlem 107,109 11.44 36.61 $19,920
111 Manhattan 11 East Harlem 117,743 11.45 36.91 $21,295
304 Brooklyn 4 Bushwick 104,358 6.41 37.76 $22,100
204 Bronx 4 Highbridge/Concourse 139,563 6.77 39.67 $21,275
205 Bronx 5 Fordham/University Heights 128,313 5.06 41.42 $20,620
316 Brooklyn 16 Brownsville 85,343 7.62 42.66 $18,750
202 Bronx 2 Hunts Point/Longwood 46,824 6.95 44.99 $17,130
203 Bronx 3 Morrisianna/Crotona 68,574 6.67 45.57 $16,600
206 Bronx 6 Belmont/East Tremont 75,688 7.62 45.60 $16,530
201 Bronx 1 Mott Haven/Melrose 82,159 7.64 45.67 $16,000

Average for 20 most impoverished Community Districts 123,876 9.18 36.89 $22,645 1.1104
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Median household income

Census 2000 data was used to examine the association between median household
income and the mortality rate ratio (Figure C-11 — C-13 in Appendix); a weak association
with r=-0.213 was found.

One influential point, Manhattan Community District 6, represents the East Side
of Manhattan from 14th to 59th Streets, including the densely populated neighborhoods
of Stuyvesant Town, Waterside Plaza, Tudor City, Turtle Bay, Peter Cooper Village,
Murray Hill, Gramercy Park, Kips Bay, and Sutton Place. With the fourth highest
median household income in the city ($68,940), it also had the fifth highest mortality rate

ratio; removing this outlier strengthened the trend, to r=0.28.

Educational Attainment

Educational status is a key indicator or surrogate of socioeconomic position,
enabling those persons with greater educational attainment to generally have an improved
quality of life (Galea and Ahern, 2005). Educational attainment has been shown to
modify the effect of the hot temperature-mortality relationship (O’Neill et al., 2003). A
lesser degree of educational attainment was associated with increased risk of
temperature-related mortality in an ecologic study of modifiers of mortality in seven US
cities in 1986-1993, using a dataset stratified with death counts by education for high
school education or less, and any post-high school education (O’Neill et al., 2003).

There is a general trend for lower mortality rate ratios for Districts with an
increasing level of educational attainment (high school graduates or higher); a similar and

inverse trend was found with the measure of lower educational attainment by UHF areas.
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Two complimentary measures for population educational attainment derived from Census
2000 were examined; the percent of persons that are high school graduate or higher, with
r=-0.245 (Figure 4.3 below), a measure of greater educational attainment by CD; and
percent of persons with some high school or less, an indicator of lower educational

attainment, by UHF area (r=0.255; Figure C-14 in Appendix).

Figure 4.3: Percent of total population that is a high school graduate or higher by CD
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Neighborhood racial/ethnic composition

Racial and ethnic disparities in rates of heat-related mortality have been found in
previous studies (Klinenberg, 2002; O’Neill et al., 2003; Semenza et al., 1996). Non-
Hispanic Black/African-Americans were at higher risk of death during the 1995 Chicago
heat wave (Klinenberg, 2002; Semenza et al., 1996), and were at higher risk of
temperature-related mortality than Whites in a seven city study of non-injury mortality in
Denver, Colorado; Detroit, Michigan; Minneapolis and St. Paul, Minnesota; New Haven,

Connecticut; and Pittsburgh, Pennsylvania (for 1986—-1993); and Chicago, Illinois, and
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Seattle, Washington (for 1988—1993) (O’Neill et al., 2003). Data on racial/ethnic
composition (Table PL P-101A: Total Population by Mutually Exclusive Race and
Hispanic Origin, Census 2000) was used to assess the relationship between the percent
Black/African-American, White, Hispanic (of any race) and Asian and the mortality rate
ratio at the CD and UHF level (Figures 4.4-4.5, below and Figures C-19 — C-21 in the

Appendix).
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Figure 4.4: Percent of total population that is Asian by CD, Census 2000
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Bivariate regression did not reveal any clear association between race at the
Community District level for percent Black, White and Hispanic and the mortality rate
ratio. There was a significant negative correlation between percent Asian population
(CD) and the mortality rate ratio, so that the MRRgs, decreased with an increasing
proportion of Asian residents (r=-0.305).

For those Community Districts below the city’s median proportion of White

population (34.39%), there was a trend of higher mortality rate ratios amongst the

neighborhoods that had the lowest proportion of White population (r=0.382; Figure C-

98

22

in Appendix); although the sample size was small (n=29) the correlation was significant

at p<0.05. This relationship is also visible in the scatterplot for percent non-White

populations by UHF areas, Figure 4.5 below (r=0.237):
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Figure 4.5: Percent non-white population by UHF-area
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Measures of possible social and/or cultural isolation

Social isolation was a major risk factor for heat-related mortality during the July
1995 Chicago heat wave (Klinenberg, 2002; Semenza et al., 1996). Having any type of
social contact and leaving the home during the day was found to be protective. Measures
of potential social and/or cultural isolation at the CD and UHF level were examined. At
the Community District level, percent of households with no phone service was selected,
and percent of population that does not speak English very well, as they are potentially
cut-off from some major media broadcast warnings during heat events.

At the UHF-level, data on self-reported risk of social isolation, age 45 years and
older was obtained through the Community Health Survey (CHS, 2007). The measure of
risk of social isolation was based on an index that reflects the amount of social contact

that older adults have with family and friends (Iliffe et al., 2007).
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Figure 4.6: Percent of population at risk for social isolation, age 45 and older
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A possible trend is suggested by the CHS data, with an increase in the mortality
rate ratio for UHF neighborhoods with increasing percent at risk for social isolation
(r=0.234). As well, a positive association with the mortality rate ratio is suggested by the
data on percent of households with no phone service (r=0.207). However, the percent of
households with no phone service is so highly correlated with percent of population
below poverty, r=.93 (Pearson correlations, Table 1) that they are duplicative. No
correlation was seen between the MRRgs,. and the percent of non-English speaking

households in Community Districts derived from Census 2000 data (r=0.00).

I1. Factors in the Built Environment:
Poor housing quality and conditions may create a greater risk for heat-related
mortality. Living on the top floor of a building was found to increase risk of heat-related

death in the 1995 Chicago heat wave, while having a working air-conditioner in the home
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was protective (Semenza et al., 1996). Analysis of the high mortality experienced in
Chicago’s 1995 heat wave highlighted the impact of substandard housing (e.g., Single
Room Occupancy’s) in creating risk and vulnerability for their resident populations.
Examining eight diverse city neighborhoods in Phoenix, Arizona during the summer of
2003, Harlan et al. (2006) noted that neighborhoods with higher “settlement density,
sparse vegetation, and having no open space...were significantly correlated with higher
temperatures” and that minority ethnic and lower income groups were more likely to live
in these warmer neighborhoods (Harlan et al., 2006, p.2847).

The following section discusses three related aspects of a community’s built
environment: housing quality (rates of air conditioning use, housing violations, rate of
dilapidated buildings and property tax delinquencies); neighborhood conditions (percent
of vacant residential units, renter and owner occupied housing; population and housing
density) and land-use (one and two-family homes, walk-up buildings, per capita open

space, land in manufacturing; percent of impervious surfaces).

Housing Quality:
Air conditioning (AC):

Having access to an air conditioner (AC) and using it during hot days is protective
against heat-related death and illness. The risk of death was reduced for people with
working home AC during the Chicago 1995 heat wave (odds ratio, 0.3) (Semenza et al.,
1996). O’Neill et al. examined whether air conditioning (AC) prevalence explained
different heat-related mortality effects by race in Chicago, Detroit, Minneapolis and

Pittsburgh, using data on city and race-specific AC prevalence (2005). Prevalence of
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central AC explained some of the differences in heat effects by race while room unit AC
did not. Black households had less than half the prevalence of central AC than White
households in all four cities.

The 2007 Community Health Survey included questions about ownership and use
of home air conditioning (AC). From this data, I calculated a UHF-area measure
representing lack of access to AC for seniors aged 65 and older, including those seniors
who either do not own air conditioning or who own AC but do not use it. (Presumably,
those seniors who own but do not use AC are likely concerned about the costs of
electricity bills, or have other reasons.) Spatial patterns by UHF areas were examined

(Map 5, below).

Figure 4.7: Percent of seniors with access to air conditioning, by UHF-area
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Map 5: Community Health Survey 2007 data on air-conditioning ownership and use
by UHF area.
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Rate of property tax delinquencies

Property tax delinquency typically follows periods of disinvestment by building
owners, with declining physical conditions and maintenance according to the NYC
Department of Housing Preservation and Development (HPD) (Allred, 2000). This
metric can be viewed as a measure of economic hardship also potentially indicative of
degraded housing conditions. Several measures of property tax delinquencies (PTD) for
Class 1 properties, which include single family and small multi-tenant dwellings were
examined; percent delinquent one year or more at the CD-level; and rate of PTD above
50% of value of property, for years 2000, 2002, 2003, and 2005. Year-to-year
correlations between these measures were high (r>.80).

A positive association was observed with the MRRgs., for these measures (Figure
C-25, Appendix), that strengthened after removal of one influential point (Figure 4.8

below).

Figure 4.8: Property tax delinquencies by CD, 2005, without outlier CD 112
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Deteriorated or Dilapidated Residential Structures

A measure of residential building quality at the UHF-area scale was obtained
from the NYC Housing and Vacancy Survey for 2002 via the NYCDOHMH web-based
Environmental Public Health Tracking Portal.” This metric provides an estimate of the
percent of households in an area in deteriorated or dilapidated buildings, and has a
positive correlation with the mortality rate ratio (r=0.26). The percent of households in
boarded-up buildings by UHF-area (2002) had an even stronger correlation with MRRgs.

(r=0.34).

Rate of housing violations:

Data on total housing violations and the serious housing violations rate for each
Community District was provided by the Department of Housing Preservation &
Development (HPD) through New York University’s New York City Housing and
Neighborhood Information System (NYCHANIS). HPD provides public access to
violations of record of the New York City Housing Maintenance Code and the New York
State Multiple Dwelling Law in privately-owned residential multi-family buildings in
NYC. For multi-family residential buildings, the NYC Housing Maintenance Code and
the New York State Multiple Dwelling Law state that owners are responsible to provide
essential services, maintain their properties in habitable condition, and to correct and
repair housing code violations (HPD, 2009). Violations of record to these laws range
from the non-hazardous (minor leaks and peeling paint when no children under six are
present) to the hazardous (e.g., lack of adequate lighting in public areas, removal of

vermin) and immediately hazardous (e.g., rodents, peeling lead-based paints in the
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presence of young children, lack of heat, hot water, electricity or gas) (Figures C-26 — C-

27, Appendix).

Figure 4.9: Rate of Total Housing Violations, per 1,000 rental units in 2000,

by Community District
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Summary of housing quality

A relatively strong correlation can be seen between the mortality rate ratio and
home AC access (ownership and use), so that as the rates of AC use by seniors increases
in neighborhoods, the mortality rate ratio decreases (r=-0.341). This is consistent with
previous ecological and individual-level research; the use of air conditioning during hot
weather is protective against heat-related morbidity and mortality.

Overall, the housing quality variables demonstrated the strongest correlations with
the MRRgs,. The rate of property tax delinquencies provided the strongest correlation of
any variable examined at the Community District level; four years of PTD for Class 1

residential properties the average r=0.344. The rate of housing violations in Community
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Districts also had notable positive correlations with MRRgs., so that the mortality rate
ratio tended to increase with the rate of housing violations (r=0.237) and the rate of
serious housing violations (r=0.32). As discussed further on in this chapter, all of these

metrics are themselves strongly correlated with neighborhood poverty levels.

Neighborhood conditions:
Percent vacant, rental and owner-occupied residential units by Community District

Several measures of housing in Community Districts were examined, using
Census 2000 data available from the NYC Dept of City Planning website. Household
type and occupancy status, such as percent vacant residential units; renter occupied, and
owner occupied of total housing units, have been examined as indicators and predictors
of population health in prior social science research (Kawachi & Berkman, 2003; Dietz,
2003). Ample evidence has accrued that homeownership is associated with a wide range
of beneficial mental and physical health outcomes and measures of overall health
(Kawachi & Berkman, 2003; Dietz, 2003). Generally, homeowners are healthier than
their renting counterparts (Dietz, 2003, p. 4) and also tend to be more involved in
community social networks.

Weak correlations were seen for various measures of vacant housing (e.g., Figure
C-28 — C-30 in the Appendix) and for percent renter occupied of total housing units, (r=
.21), (Figure C-31, Appendix) at the Community District level. The highest mortality
rate ratios (MRRgs,>1.2) were only found in districts with percent renter occupied units
above 60%; however, the range in MRRgs, was substantial in the neighborhoods with

over 80% percent of rental units, from .80 to 1.40.
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Neighborhood rates of homeownership had a significant negative correlation with

the MRRgs, for UHF areas, r =-0.41; see Figure 4.10 below.

Figure 4.10: Percent of homes that are owner-occupied, by UHF-area
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Population and household density

I examined the relationship of population and household density with the MRRgs.,,
as the urban heat island (UHI) effect is often described as a function of both land-cover
and population density (Streutker, 2003). Household density, or number of households
per square kilometer, was calculated using Census 2000 data on number of households
divided by the area of the Community Districts; population density was similarly derived
using data on total population in 2000. No significant correlations were seen with either
population density (r=.18) or household density (r=.05), although the trend was positive,
and MRRgs, generally increased with increasing population density (Figures C-33 and C-

34, Appendix).
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Land use:

An increasing body of scholarship explores the relationship between land use,
community design and public health (e.g., Frumkin, 2002). Several studies of heat-
sensitive health outcomes have described risks from the heat island effect and
characterized place-based vulnerability in terms of built environment and land use factors
that impact microclimates, such as vegetative coverage, population density and housing
type (Clarke, 1972; Harlan et al., 2006; Smoyer, 1998; Stone & Norman, 2006).

However, this literature is incomplete, and few studies have looked beyond basic
measures of land use and land cover. Because NYC has a mix of land uses and diversity
of neighborhoods, combined with spatially-clustered psychosocial and environmental
hazards in some, the correlation between the mortality rate ratio and several metrics

related to type of housing and land-use was examined.

One and two-family homes as percent of total residential buildings

I obtained detailed land-use data by Community District for 2003 from the NYC
Dept. of City Planning and Dept. of Finance via the Infoshare Community Data System,
and calculated the proportion of one and two-family homes of total residential-use
buildings (including condos, coops, multi-use residences, and all forms of homes and
apartment buildings). No association was found between this metric and the MRRgs.,

(r=0.09) (Appendix Figure C-35).
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Percent of residential lots that contain walk-up buildings

Walk-up buildings represent a housing type that may elevate risk during heat
events; the lack of elevators may act as an impediment to leaving the home and accessing
cooling centers and public spaces for seniors with limited mobility (Klinenberg, 2002).
Using NYC Dept of Planning’s PLUTO data for 2003, I calculated the percent of
residential lots that contain walk-up buildings (including mixed-use walk-up buildings);

no notable association with the MRRgs, was found (r=0.10) with this measure.

Percent of land area in manufacturing

Manufacturing has historically been considered a noxious land use in cities, and
living in proximity to manufacturing in New York City neighborhoods has been
associated with increased risk of exposures to hazardous pollutants, increased noise,
diesel truck traffic, and generally, a degraded public environment (Maantay, 2001;
Corburn, 2005). Zoning in New York City developed historically in ways that highly
concentrated polluting facilities in poor minority neighborhoods (Maantay, 2001).
Additionally, neighborhoods with a concentration of manufacturing facilities may have a
higher concentration of impervious surfaces and fewer trees, physical conditions
associated with increased urban heat island intensity.

Real property assessment data from the NYC Dept. of Finance for the land use
zoning of lots (all areas except large parks, airports, streets, sidewalks, and bodies of
water) was obtained for 2003. The MRRgs, did not have a significant correlation with the
percent of land in manufacturing in Community Districts (r=-0.19), nor did one emerge

with outlier removal of CD 202, Hunts Point/Longwood in the Bronx (r=-0.11).
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Contrary to expectation, the bivariate trend was negative (i.e., generally decreasing
MRR65+ with increasing proportion of land in manufacturing) (Figures C- 38 and C-39

in the Appendix).

Acres of open space per 1,000 residents

Access to open space may facilitate increased physical activity, leading to
improved population health (Mitchell & Popham, 2008). The proportion of open public
space available to urban residents may influence public health in other ways depending
on the design and nature of the open space; for example, through improved air quality
and reduced urban heat island effect (Akbari et al., 2001).

Data on acres of open space per 1,000 residents (2004) was obtained from the
NYC Accessible Open Space Information System (OASIS) for open space in total land
area of Community Districts. This characteristic varies greatly, from 0.1 acre per 1,000
residents in CD 317 East Flatbush, Brooklyn to 7.9 acres for CD 411 Bayside/Little
Neck, Queens, and is not correlated with the MRRgs, (r=0.00). Similarly, the percent of

open space by Community District is not correlated (Figures C-40 — C-41, Appendix).

Percent of neighborhoods that are impervious surfaces

The creation of impervious surfaces from natural land cover is a key
environmental indicator of urbanization; increasing levels of impervious cover is
associated with declining surface water quality and the urban heat island effect. The US
Forest Service’s Emerge data was used to characterize the percent of land area in each

CD and UHF area that is impervious surface cover. A weak association exists at the
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UHF area level (r=0.24; Figure 4.11, below), while no association with MRRgs, was

observed (r=0.02) at the CD level (Figure C-42, Appendix).

Figure 4.11: Percent impervious cover by UHF-area
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III. Biophysical environment

The biophysical environment of a neighborhood is described here in terms of
vegetative cover of residential areas and measures of summertime surface temperatures.
These biophysical metrics influence ambient air temperature, air quality and the heat
island effect, which are all relevant for assessing risk of heat-related health effects. Most
temperature-health studies use monitoring data from one or two central site weather
stations to characterize an entire city’s temperature. It is hoped that spatially dispersed
measures of temperature, in this case, surface temperature, can provide additional
information on local hot or cool spots compared with central site monitoring data. For

example, in Phoenix, population density, reduced vegetation cover, and lack of open
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space at the neighborhood level was significant correlated with hotter temperatures and
also a measure of human exposure to heat, the human thermal comfort index (Harlan et
al., 2006).

The spatial scale of this analysis, at the Community District and UHF-level,
averages out the heterogeneity in vegetative cover and surface temperature seen at the
block and lot level. Since the cooling effect of vegetation and the potential impact of
surface temperature on health may be significant at a finer scale, such as the block group
or building-level, it is possible that analysis at these scales may show a correlation
between biophysical characteristics and heat-related health outcomes that is not visible at

the neighborhood-scale.

Vegetative cover in residential tax lots

I calculated the percent of vegetation in residential tax lots only, grouped by
Community Districts using NYC Dept. of City Planning’s PLUTO data from August
2003, for bivariate regression with the MRRgs,. No association between the percent of
vegetative cover of residential lots averaged at the CD-level can be seen with the
MRRgs,. Removal of two outliers (CDs 105, Midtown Manhattan and 208, Riverdale,
the Bronx) did not appreciably change the association (Figure C-43-44, Appendix).

Limitations of this tax lot analysis included: I used a measure of the vegetated
land cover within lot boundaries for lots with residential units, which does not include
adjacent vegetation outside of the lot, such as street trees, that may provide a substantial
cooling effect on buildings. Similarly, this analysis discounts any influence from adjacent

parkland. Trees and grass are treated equally, although trees generally have a greater
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cooling value in residential lots. Recognizing these limitations, I also evaluated this
measure with a 25-foot buffer surrounding the residential tax lots, to capture the cooling

effect possible from street trees. The CD unit may be too large to capture these effects.

Percent of vegetation in residential lots, with a 25-foot buffer

The percent of vegetated land-cover in residential tax lots surrounded by a buffer
was calculated to characterize vegetative cover, and grouped by Community Districts
using PLUTO data from August 2003 (Figure C-45, Appendix).

A distance of 25 feet was used for the buffer, or 40% of the width of the average
residential street and sidewalk portions. The average mature street tree canopy is 37.7
feet (NYC Parks Dept, 2009, personal communication), so a 25 foot buffer includes the
majority of the average street width (80% of the street width for a two-sided residential
street), and thus presumably a majority of street tree calnopies.4

No clear correlation was found between these variables and the health outcome
measure. Removal of two outliers (CDs 105 and 208, the Districts with the least and the
most vegetative land-cover in the City, respectively) did not appreciably change the
association (Figure C-46, in Appendix). Compared to the analysis without a buffer
above, generally, the Districts with the greatest fraction of vegetative land-cover had

lower mortality rate ratios, although the results were not statistically significant at p<.10.

Tree coverage in UHF areas
Tree coverage as proportion of total land cover was calculated for each CD and

UHF area, using the US Forest Service’s Emerge data. The percent trees by UHF area
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was weakly negatively correlated with the MRR65+ when one outlier (UHF101,
Riverdale and the northwest Bronx) was removed, with r=-.216, (Figure C-48,

Appendix).

The New York City urban heat island

Evaluation of the impact of NYC’s urban heat island was a primary goal of this
analysis. I obtained Landsat 7 data that was pre-processed for atmospheric corrections
and conversion of the DN thermal band 6L (low gain) to surface radiance and then to
surface temperature from NASA-GISS (Slosberg et al., 2006). Three daytime Landsat 7
ETM+ images during the summer of 2002 (July 20", August 14", and September 8")
were obtained with surface temperatures resolved to 60m horizontal resolution; the data

were acquired at 10:30am on those days.

Surface urban heat island:
August 14, 2002:

Remotely sensed thermal infrared data representing surface temperature at 60m
spatial resolution on 8/14/02 (10:30am) was averaged to the Community District and
UHF level to derive a mean neighborhood surface temperature, and correlated with the
MRRgs,. August 14™ was one of the hottest heat-wave days during the summer of 2002
(Slosberg et al., 2006); see Map 6, below.

A positive correlation of mean surface temperature with the MRRgs.. is seen at the
UHF but not the CD level, r=0.23 for 8/14/02, and r=0.26 for 9/8/02 (Figure 4.12 below,

and C-49 in the Appendix).
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Figure 4.12: Surface urban heat island by UHF area, 8/14/02
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For Community Districts, a possible trend develops with the removal of two
Districts (Figure C-50 in Appendix) that have the coolest mean surface temperatures due
to their physical environment but also have high mortality rate ratios (Rockaway in
Queens CD 414, with park land and sea breezes, and Riverdale in the Bronx (CD 208),
the only district with over 50% vegetated land cover and adjacent to the Hudson River).
Riverdale is a recurring outlier or influential point in these analyses, possibly due in part
to its high proportion of the very oldest of senior citizens. People age 85 comprise 21%
of the senior citizen population in Riverdale/CD 208, as compared to the citywide
average of 12.5%, the highest in New York City.

Similarly, surface temperatures at 60m spatial resolution for Sept. 8, 2002
(10:30am) derived from Landsat 7 ETM+ data were averaged to the CD level to estimate
a mean neighborhood surface temperature, and this measure was correlated with the

MRRgs.. (Figure C-51, Appendix).
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The results for 9/8/02 are similar to the correlations with the 8/14/02 date. This is
expected, as the surface urban heat island is similar over time, within seasonal and
diurnal patterns, due to the stability of land-cover. A positive correlation exists at the
UHEF, but not the CD level. For CDs, a weak association develops (r=.20) after removal

of two influential points, CD 208 and 316 (Figure C-52, Appendix).

Figure 4.13: Surface urban heat island by UHF area, 9/8/02
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Map 6:

Landsat Surface Temperature, 14 August 2002
10:30am, 60 m resolution
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Landsat 7 data obtained from NASS-GISS team, J. Cox et al.
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Nighttime ASTER data

The magnitude of NYC’s urban heat island is greatest at night, as the solar heat
stored in brick, concrete and asphalt is reradiated back to the immediate environment
(Clarke, 1972; Smargiassi, 2008). This can keep the interior air temperature of
unairconditioned residential buildings warmer than that of the exterior atmospheric
environment, leaving urban residents without respite during extremely hot days (Clarke,
1972; Smargiassi, 2008).

I obtained nighttime surface temperature data through NASA’s Advanced
Spaceborne Thermal Emission and Reflection Radiometer (ASTER) sensor. Per NASA,
“The Level-2 land surface kinetic ASTER temperature product contains surface
temperatures at 90-m resolution generated only over the land from ASTER’s five thermal
infrared channels. Land surface temperatures are determined from Planck’s Law, using
the emissivities from ASTOS to scale the measured radiances after correction for
atmospheric effects.”

The availability of nighttime ASTER data for NYC is limited as ASTER does not
regularly schedule data acquisition. I obtained one clear-sky image, for October 3, 2005
(2:55 AM.) over NYC from Level-2 ASTER product ASTOS8, Surface kinetic
temperature, which is preprocessed by NASA with a temperature-emissivity separation
algorithm applied to atmospherically corrected surface radiance data (NASA, 2009).
ASTER images have a swath width of 60 km, and data were absent for substantial
portions of two Community Districts in western Queens, CD 411 and 413.

Similar to the Landsat analysis, ArcMAP zonal statistics was used to obtain mean

surface temperature for NYC’s Community Districts. A minor portion (<5-10%) of data
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were missing for Queens CD 7 (Flushing, Whitestone, College Point), CD 8 (Fresh
Meadows, Jamaica Hills, Kew Gardens Hills) and CD 12 (Jamaica, South Jamaica, Hollis
and St. Albans); for these CDs, mean surface temperature was estimated from the
available ASTER data. No clear correlation was seen for the nighttime mean surface
temperatures with the MRRgs, (Figures C-53 and C-54 in the Appendix).

The ASTER data shows the concentration of warmer nighttime surface
temperatures in the concrete, glass and steel canyons of Manhattan, especially lower and
midtown Manhattan. These same areas are relatively cool in the daytime thermal Landsat
imagery taken at 10:30am. At night, the warmest two areas are Community Districts 105
and 106; see Map 7 below. Elevated nighttime exposures to heat may help explain why
CD 106, representing the East Side of Manhattan from 14th to 59th Streets, has one of the
highest mortality rate ratios while also being one of the relatively wealthiest areas, with

the fourth highest median household income in the city.
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Map 7: Night-time land surface temperature from ASTER data.
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Neighborhoods with the highest surface temperatures:

Community Districts and UHF areas with the highest surface temperatures
(warmest quartile) had significantly higher mortality rate ratios than areas with lower
surface temperatures (= or < 75" percentile).

Neighborhood areas (CD and UHF) were stratified by surface temperatures into
quartiles using surface temperatures for August 14, 2002, a heat wave day, derived from
Landsat. T-tests were used to compare the mean MRRgs.,. for the hottest neighborhoods
(upper quartile; for CDs, n=15; for UHF areas, n= 10) with the mean MRRgs,. of the
cooler neighborhoods (those below the 75" percentile in average surface temperatures).

Significant differences (p<.01) were found between the mean mortality rate ratios
of the hottest and cooler neighborhoods for the UHF and CD neighborhoods (Table 3 and

Figure 4.14, below and Tables C-1 and C-2 in the Appendix).

Table 4.3: T-tests for differences in surface temperatures

Mean Std. Error  95%CI 95% CI
MRR65+ Mean Upper Lower
UHF areas
Surface T < 75th (n=32) 1.0275 0.0177 1.0636 0.9913
Surface T > 75th (n=10) 1.1250 0.0421 1.2203 1.0297
Community Districts

Surface T < 75th (n=44) 1.0411 0.0190 1.078 1.004
Surface T > 75th (n=15) 1.0965 0.0405 1.1834 1.0096

One-Sample Test for UHF areas

Test Value = 1.1250

95% Confidence Interval of the

Difference

t df Sig. (2-tailed) Mean Difference Lower Upper

BELOW75 -5.499 31 .000 -.0975281 -.133697 -.061359




One-Sample Test for Community Districts
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Test Value = 1.09647

95% Confidence Interval of the

Difference
t df Sig. (2-tailed) Mean Difference Lower Upper
MRR -2.918 43 .006 -.055406 -.09370 -.01711
Figure 4.14:
Means for the mortality rate ratio, age 65+,
stratified by surface temperature by UHF areas
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Figure 4.15:

Means of the mortality rate ratio, age 65+,

stratified by surface temperature by Community District
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This association between warmer neighborhoods and higher mortality rate ratios
is not controlled for other characteristics that may influence this relationship, especially
income and poverty. Later in this chapter, bivariate regression stratified by neighborhood

income and poverty levels is used to assess that potential confounder.

IV. 2007 Community Health Survey: Risk characteristics and health status
The 42 United Hospital Fund (UHF) designated neighborhoods in NYC are
defined by adjoining zip codes, and used as the basis of the DOHMH’s Community
Health Survey (CHS), an annual telephone survey that provides data on the health of
New Yorkers through neighborhood, borough and citywide estimates for a range of

chronic diseases and behavioral risk factors (NYCDOHMH, 2009).
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People with pre-existing health conditions and chronic diseases are a vulnerable
population for adverse heat-related health outcomes (Ebi & O’Neill, 2009; etc.). Data
from the 2007 Community Health Survey (CHS) was used to assess the relations of
MRRgs. with prevalence of medical risk factors and chronic illness at the UHF
neighborhood level. The population health metrics examined included chronic health
conditions in seniors aged 65 and older, including hypertension, diabetes, mental distress
and asthma (all ages); and risk factors including obesity (all ages and 65+), heavy
drinking (all ages), and air conditioner use; and for self-reported health status of fair or
poor.

It should be noted that some of the data for senior’s health conditions had a
relative standard error (RSE) over 30%, and thus were considered unstable. For example,
half of the data for seniors obesity had a RSE>30%, as well as data for 16 UHF-
neighborhoods for age 65+ diabetes. The all-ages data were generally more stable.

The strongest positive correlations in the CHS Survey data were with percent of
age 65 and older with hypertension diagnosis (r=0.31) and with diabetes (r=0.28). Other
health conditions showed weaker or no correlations; e.g. diabetes all ages (r=0.22); no
correlation with self-reported health status of fair or poor (r=0.10) and percentage of
seniors seeing a doctor over the last year (r=0.11).

Variables with negative correlations with the MRRgs,. were age 65+ with frequent
mental distress (r=-0.20) and heavy drinkers, all ages (r=-0.21). A negligible negative
correlation was seen between percent of population with asthma (r=-0.09). Some of
these counter-intuitive findings may be explained by correlations between the variables,

described in Tables B2 — B6 in Appendix B. For example, the proportion of heavy
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drinkers in Community Districts has a weak negative correlation with the MRRgs.,. (r=-
.21); the proportion of heavy drinkers by neighborhood also has stronger negative
correlations with percent of seniors with hypertension, with diabetes, seniors reporting

health status of fair or poor, and percent obese (See Figures C-55 — C-60, Appendix).

Figure 4.16: Hypertension prevalence in seniors age 65+ by UHF-area

CHS 2007 Health Risk Characteristics for 42 UHF areas
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Summary of bivariate regressions:

Measures of quality in housing and the built environment provided some of the
strongest correlations with the MRRgs,. (property tax delinquencies; ownership and use of
home air conditioning; and housing violations), followed by several health status
indicators (hypertension and diabetes prevalence in seniors) and demographic
characteristics (percent population below poverty; educational attainment).

Several neighborhood characteristics were correlated with MRRgs., in this
ecological analysis: rates of homeownership (r=-0.41), percent of population below

poverty level (r=0.39) and the prevalence of residential air conditioning access and use by
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seniors (r=.34) at the UHF-level, and rates of residential property tax delinquencies by
Community District (r=.35) had the strongest association with MRRgs..

UHF-areas often had higher correlations with characteristics than Community
Districts, as would be expected, due to the modifiable areal unit problem discussed ahead.
For example, for percent of UHF population below poverty level, r=0.39; by Community
District, r=0.25. Findings are summarized in Table 4, below.

Other characteristics correlated with MRRgs, (1>0.21 for CD and r>0.25 for UHF)
included: percent of age 65 and older with hypertension diagnosis (r=0.31) or with
diabetes (r=.028); percent Asian by CD (-0.31); rate of dilapidated or deteriorated
residential buildings (r=0.26); surface temperature for 9/8/02 (r=0.26); percent of total
population below poverty level by CD (r=0.25); measures of educational attainment, such
as percent of adult population that are high school graduates or higher (r=-0.24); rate of
housing violations (r=0.24); percent of occupied housing units with no phone service
(r=0.21); and percent renter occupied of total housing units (r=0.21).

Correlations just below P<0.10 for UHF areas include percent of non-White population
(r=0.24); percent impervious cover (r=0.24); and percent at risk for social isolation
(r=0.23).

Other characteristics that did not have a notable correlation included the
percentage of seniors living alone; percent of population that is Black/African-American,
White, or of Hispanic origin (of any race) by Community District; percent of population
that speaks a language other than English at home; percent obese (BMI>=30); number of

households per square kilometer; percent of vegetative cover in residential tax lots; and
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the mean daytime surface temperature by Community District during a heatwave, August
14, 2002.

The bivariate regressions are limited by several caveats, including an ecologic
design, the spatial scale of analysis, the lack of near surface ambient temperature measure
of the UH]I, the lack of control for correlated neighborhood characteristics, and the
dichotomous heat index measure used to estimate excess mortality. For variables without
a notable correlation with the MRRgs., it is possible that there is no association seen due
to the spatial scale of analysis, that there is confounding with other demographic and
socio-economic features not controlled for in this analysis, or that there is a non-linear
relationship between a variable and the risk of heat-related mortality. Or there simply

may be no association present. These issues are explored in the following sections.
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Table 4: Variables used in analysis with the intra-urban mortality rate ratios
by Community District (CD) and United Hospital Fund (UHF) areas:
Pearson's r values from bivariate linear regression
Pearson’'s r:
Neighborhood Characteristics CcD UHF
(1) Demographic Characteristics and Socioeconomic Status (Census 2000):
Seniors (age 65+) living alone (percent of households) 0.070
Senior's poverty rate 0.197
Total population below poverty rate 0.255 0.395
Median household income -0.213 -0.288
Educational attainment:
Percent some High School and below 0.245 0.255
Percent High School graduate and above -0.245
Neighborhood racial/ethnic composition:
Percent Black/African-American 0.118
Percent White 0.122
Percent Hispanic (all races) 0.161
Percent Asian -0.305
Percent non-White by UHF (42) 0.237
Measures of possible social and/or cultural isolation:
Percent of households with no phone service 0.207
Percent that speaks a language other than English at home 0.000
(2) Factors in the built environment:
Housing conditions:
Percent age 65+ who own and use air conditioning 0.341
Rate of total housing violations 0.237
Rate of serious housing violations 0.318
Rate of property tax delinquencies 0.344
Percent of households in dilapidated or deteriorating residential buildings 0.257
Percent vacant residential units 0.190
Percent renter occupied of total housing units 0.207
Percent owner occupied housing units 0.207 -0.413
Household (HH) density: Number of HHs per sq km 0.045
Land-Use:
Population density 0.176
One and two-family homes as percent of total residential buildings 0.095
Percent (pct) of residential buildings that are walk-up buildings 0.126
Pct of land area in manufacturing 0.012
Acres of open space per 1,000 residents 0.000
(3) Biophysical environment:
Land cover: EMERGE data analysis:
Vegetated land cover as percent of residential tax lots 0.032
Vegetated land cover as percent of residential lots, with 25-foot buffer 0.063
Trees as percent of total land-cover (outlier, UHF 101 removed) -0.216
Percent impervious of total land-cover 0.020 0.237
Surface urban heat island: Remotely sensed surface temperature:
Landsat 7: August 14, 2002 (daytime) 0.114 0.225
Landsat 7: September 8, 2002 (daytime) 0.110 0.263
ASTER: October 3, 2005 (nighttime) 0.045
(4) Risk characteristics and health status (Community Health Survey 2007):
Pct age 65+ reporting hypertension diagnosis 0.308
Pct age 65+ with diabetes 0.281
Pct age 45+ at risk for social isolation 0.235
Self-reported general health status of fair/poor (age 65+) 0.100
Percent all ages with asthma 0.089
Pct of age 65+ living alone 0.084
Pct heavy drinkers (ave daily drinks >2 for men and >1 for women, age 65+) 0.205
Pct obese BMI>=30, all ages 0.176
Pct age 65+ with frequent mental distress 0.202




130

Pearson’s correlation coefficient

The strong associations between measures of income and poverty at the
neighborhood scale with educational attainment and other demographic, health status and
housing quality characteristics is a key issue for this analysis. In New York City, decades
of economic and housing discrimination have spatially concentrated psychosocial and
environmental stressors in low-income neighborhoods and communities of color
(Angotti, 2009; Corburn 2005; Maantay 2000). Previous research has noted the
frequently close correlation between the social, physical, economic and demographic
characteristics that may influence population health at the neighborhood scale (Diez
Roux & Mair, 2010). This research found similar associations between poverty levels,
poor housing conditions, and higher surface temperatures.

Pearson’s correlation coefficient r was used to assess the relationship between
neighborhood characteristics for use in selecting appropriate metrics for multivariate
analysis and assessing possible confounders of relationship between heat-related
mortality and area-based characteristics (See Table 5 and 6, below). Strong correlations
were found between poverty and many significant socio-demographic and biophysical
characteristics. Moderately strong associations (r>0.4 and <0.6) were also found between
many of the characteristics assessed. Poverty rates are a key correlate of many potential
risk factors, and a possible effect modifier of the bivariate regressions. A full set of

Pearson’s correlations for the study variables is in the Appendix, Tables B2-B6.



Table 4.5:

Highly correlated characteristics (Irl>0.6) in Community Districts:

Poverty* & educational attainment (-0.89)

Poverty & pct renters in housing units (0.77)

Poverty & pct White (-0.73)

Poverty & serious housing violations rate (0.68)

Poverty & property tax delinquencies 2005 (0.70)

Poverty & pct Hispanic (all races) (0.69)

Serious housing violations & property tax delinquencies (0.72)
Median household income and daytime surface temperature (-0.62)
Daytime surface temperature (8/14/02) and percent White (-0.60)
Vegetated land cover and percent one and two-family homes (0.66)
Daytime surface temperature data (7/22, 8/14, 9/8) (r>0.80)

Pct White and pct senior citizens (0.62)

Pct trees and pct walk-up multi-tenant residences (-0.67)

* Poverty is the percent of all ages total population below 1999 poverty level

as diabetes and hypertension prevalence, risk of social isolation, and demographic
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For UHF areas as well, poverty rates are highly correlated with health status such

variables such as percent non-White population:



Table 4.6:

Highly correlated characteristics (Irl>0.6) in UHF areas include:

e Proportion with general health status of fair/poor (age 65+) and
hypertension (age 65+) (r=0.60)

e Proportion of diabetics (age 65+) and seniors with hypertension (r=0.64)

e Proportion with frequent mental distress (all ages) and proportion people at risk
of social isolation (age 45+) (r=0.67)

e Pct below poverty* and proportion that own and use air conditioning (age 65+)
(r=-0.66)

e Pct below poverty and proportion of diabetics (age 65+) (r=0.77)

e Pct below poverty and proportion at risk of social isolation (r=0.66)

e Pct below poverty and proportion reporting diagnosis of hypertension (age 65+)
(r=0.66)

(r=0.64)
e Pct below poverty and proportion of obese, BMI>=30 (all ages) (r=0.60)
Pct below poverty and percent of residential units occupied by owners (r=-0.78)
Mean household income and average surface temperature on 8/14/02 (r=-0.61)
and 9/8/02 (r=-0.60)
Pct below poverty and percent non-White population (r=0.72)

Pct non-White and percent of diabetics (age 65+) (r=0.62)
Pct Black and proportion reporting diagnosis of hypertension (age 65+) (r=0.63)

* Poverty is the percent of all ages total population below 1999 poverty level

e Pct below poverty and proportion with general health status of fair/poor (age 65+)

Pct non-White and proportion that own and use air conditioning (age 65+) (r=-0.61)

Disentangling the web of conditions that create environments of relative

deprivation in some New York City neighborhoods, and which may foster higher
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exposures and susceptibility to environmental hazards and therefore increase the risk of

heat-related effects, can be difficult given the remarkably strong correlations between

poverty and community conditions. For the purposes of quantitative analysis, there are

several ways to deal with the associations between poverty and other characteristics;

control for poverty through stratified or multivariate regression; or create an index

variable combining measures such as poverty, education, housing quality, etc., into one
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metric. Multivariate and stratified analyses are used in the following sections to provide
control for variables in modeling.

It is interesting to note that the neighborhood-aggregated surface temperatures
have a stronger association with poverty and income levels than tree and impervious
land-cover. This is consistent with environmental justice analyses that have found
greater exposures to environmental hazards in low-income neighborhoods. In this
context, heat can be viewed as an unevenly distributed urban pollutant with substantial

urban health impacts.

Stratified analysis

Bivariate regression stratified by income and poverty levels was used to assess if
they modify the relationship between several independent variables and the senior’s
mortality rate ratio (MRRgs,). The variables examined included those with the highest
correlation to MRRgs, found earlier (e.g., air conditioning access; property tax
delinquencies; and educational attainment; plus others of interest, such as the surface
urban heat island).

For the dichotomous income measure, I calculated an average of the median
household income for 59 Community Districts; neighborhoods were assigned as either
above (1) or below (0) that average-median household income (AMHI) —i.e., “lower-
income/poorer” or “higher-income/wealthier” districts. The AMHI for Community
Districts is $38, 714; for UHF neighborhoods it is $40,629.

For the 42 UHF-neighborhoods, I calculated a different binary measure of

income; an average percent of population below poverty in the UHF-areas, with
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neighborhoods assigned to either above (0) or below (1) the average proportion of

population poverty (AVE_POV).

Results of stratified analysis

In some cases, income and poverty levels modify the relationship between
independent variables and the mortality rate ratio. The results reveal some differential
relationships that the unstratified bivariate analyses could not describe. There are three
overall types of results:

(1) A relatively strong correlation turns into a correlation only for lower-income
neighborhoods: For three of the neighborhood level characteristics with the highest
correlation with the MRRgs, -- AC access, property tax delinquencies, and educational
attainment — stratification by income showed a correlation only for the lower-income
neighborhoods. For the higher-income neighborhoods, there is no correlation between
AC access, property tax delinquencies, and educational attainment with the MRRgs..

The lower-income neighborhoods retain roughly the same correlation (See
Figures 4.17 below, and C-61 and C-62, Appendix) though with reduced power, so that

for low-income areas, mortality rate ratios increase as AC access decreases.
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Figure 4.17: Relative increase in mortality on hot days vs. proportion of seniors with
AC, stratified by poverty levels:

0.9 ro.9

X-Axis: Percent of seniors with access to air conditioning
Blue: low poverty neighborhoods
Black: high poverty neighborhoods

(2) For other characteristics, stratification by poverty and income turns a weak
correlation turns into a positive correlation for lower-income neighborhoods and a
negative correlation with higher-income neighborhoods. For example:

The unstratified relationship between surface temperatures and the mortality rate
ratio for Community Districts showed a small positive correlations, for the August 14™
date, after removal of two outliers (r=0.20).

Using average surface temperatures for 9/8 and 8/14/02, if Community Districts

are stratified by income, the result is still a modest positive correlation for poorer
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neighborhoods (i.e., as temperatures rise, the mortality rate ratios tend to increase); and a
stronger (r=-0.323 for 9/8; r=-0.22 for 8/14) negative correlation with the wealthier
neighborhoods. That is, in wealthier Community Districts, the trend is for a lower
MRRgs. with increasing surface temperatures (Figure C-63 - C-66, Appendix). This is
interesting and significant at the p<.10 level for the wealthier CDs, despite the reduction
in power from the smaller sample size.

Both 9/8 and 8/14/02 were relatively hot days, and August 14™ a heat wave day.
This trend may be caused by AC access and use in the wealthier neighborhoods with
higher surface temperatures; or that generally, a greater proportion of people in wealthier
neighborhoods take precautionary actions and heed health alert warnings, and are able to
access cooling by various means on very hot days in these warmer areas.

(3) For the other bivariate correlations, stratifying by income demonstrates a
general trend of higher mortality rate ratios in low-income neighborhoods relative to
wealthier areas.

For example, for seniors with hypertension, the unstratified correlation
(R?=0.094) weakened with stratification, due to reduced power (with stratification, there
are only 24 “wealthier” areas below the average poverty rate, and 18 areas above average
poverty). Both lower- and higher-poverty neighborhoods retained the same general trend
and a positive correlation with the MRRgs,.. with different intercepts (R2:0.013 and 0.022
respectively; see Figures C-67 and C-68).

Similarly, the stratified analysis of a land-use measure (percent residential lots
that are Walk-Up buildings; Figures C-71 and C-72 in Appendix); and demographic

characteristics (percent Black/African American and Hispanic) demonstrates the
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generally higher mortality rate ratios of lower-income neighborhoods relative to wealthier
zones (Figures C-75 — C-78, Appendix).

In summary, poverty rates and income levels modify the relationship between
neighborhood-level characteristics and senior’s vulnerability to heat-related mortality in
New York City neighborhoods. Stratification confirms earlier findings that poorer
neighborhoods are likely to have less AC access and higher senior’s mortality rate ratios.
However, due to smaller sample size and reduced power, many of these stratified
associations are not significant at p<.10 level.

One notable exception is the modification of the relationship between the surface
urban heat island effect and the MRRgs,, which for Community Districts showed a
significant negative relationship between wealthier neighborhoods and the MRRgs, as
surface temperatures increased. This relationship was not statistically significant at the

UHF-level.

Multivariate regression analysis

The lengthy bivariate analysis described above was used as a screening for
variables for multivariate regression, so that all possible factors of theoretical and
practical relevance in influencing heat-mortality rates have been considered. Multivariate
regression has the advantage of providing regression coefficients that are controlled for
the effect of the other independent variables included in the regression, and typically

explains a greater percent of the variation in the dependent variable (Berman, 2007).
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Generalized linear and ordinary least squares linear regression was used to test multiple
variables with the MRRgs,.. Starting with variables identified in bivariate regression to
have associations stronger than r=0.20 (absolute value), variables from each category
were tested in multivariate regression and accepted if significant at the p< .10 level. All
models were tested for collinearity, and all included here had VIF < 3; most are VIF<2.
Following this comprehensive process, only a few multivariate models were
derived that achieved statistical significance. One is for data resolved at the UHF-level,

summarized below in Table 7. As a result, most of these models are bivariate relations:

Table 4.7:

Heat-mortality rate ratio models: standardized coefficients and t-values

UHF areas CD

Predictors: Model 1 Model 2 Model 3 Model 4 Model 5 Model 1 Model 2 Model 3

SES
Percent below poverty 0.395%*x* .255%*
(2.72) (1.99)
Home ownership -0.413%**
(-2.87)

Land-use/Land-cover:
Impervious cover 0.259*
(1.760)
Housing quality:
Deteriorating or Dilapidated Bldgs® .399%**
(2.72)

AC access 65+ -0.341%*
(-2.30)

Property tax deling. .334%%*
(2.68)

Serious housing violations .319%x*
(2.54)
Health status:
Hypertension 0.325**
(2.213)

Adjusted R-Square 0.15 0.138 0.135 0.118 0.094 0.096 0.0862 0.049

Notes: The dependent variable is the mortality rate ratio for age 65+.

Numbers in parentheses are the t values.

*p<0.10; **p<0.05;***p<0.01

3. Percent of Households, 2002. Removal of influential point UHF 501, Port Richmond SI

Two additional heat-mortality models came close but fell just short of statistical

significance at p< .10. One had as predictors the proportion of owner-occupied homes
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and frequent mental distress in population aged 65 and over; the other had hypertension
prevalence and percent vegetated land-cover as its predictors. Both were for UHF-areas.
Additionally, two statistically significant multivariate models at the Community
District-level were considered but rejected due to data problems and interpretation issues;
one with percent poverty and transportation land uses as predictors, another with serious

housing violations and transportation land uses as predictors.®

Predictors for senior’s air conditioning access by UHF area

Multivariate models for neighborhood rates of air conditioning access by seniors,
a notable risk factor for heat-related mortality, were also examined.

At the UHF-level, percent Black/African American and percent below the 2000
poverty level were significant predictors for senior’s air conditioning access; two similar
models are summarized below in Table 4.8 (further details in Appendix A):

Table 4.8:

Access to home air conditioning, age 65 and over

UHF areas

Predictors: Model 1 Model 2
SES
Percent below poverty -.528%**

(-4.597)
Home ownership 466**

(3.891)

Race/Ethnicity
Black/African American -.368%* -.484%*

(-3.203) (-4.231)
Adjusted R-Square .528 476

Notes: The dependent variable is access to home air conditioning
for age 65+ by UHF area, 2007.

Numbers in parentheses are the t values.

*p<0.01; **p<0.001
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UHF area vulnerability index

To capture the combined effects of highly correlated variables, I constructed and
tested an index to rank neighborhoods in terms of their population vulnerability to heat-
related mortality, and compared the index’s correlation to the senior’s mortality rate ratio.
The variables used in this index, including measures of socioeconomic status (percent
below poverty; percent renters), the surface urban heat island effect (the hottest areas),
and demographic factors (percent non-White), were selected by the author based on their
bivariate correlations and regression with the mortality rate ratio.

Vulnerability indexes have been constructed as a method to situate
geographically-based risk for climate-health effects. Cox et al. (2007) developed a
neighborhood vulnerability index for the New York metropolitan region incorporating
socioeconomic status measures and prevalence of seniors living alone. Reid et al (2009)
examined 10 variables to describe potential vulnerability to heat health effects in urban
areas across the United States. Their analysis examined demographic, land cover,
diabetes prevalence and home air conditioning variable to create a national map of
county-level heat vulnerability; demographic and socioeconomic variables included age,
poverty, education, living alone, and race/ethnicity. They used principal components to
limit the number of variables and create independent factors for inclusion in a
vulnerability index (p.1732). “Factor analysis yielded four factors with primary loadings:
(a) social/environmental vulnerability (combined education/poverty/proportion of people
of color/green space); b) social isolation; ¢) prevalence of no AC, and d) proportion
elderly/with diabetes” explaining 75.7% of the variability in the original 10 vulnerability

variables (p.1733). Reid et al. (2009) assigned weights to the four factors, and summed
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factor values scored for selected urban census tracts in the United States to create a
cumulative heat vulnerability index for nationwide comparison.

This index here incorporates several neighborhood characteristics associated with
the 1997-2006 heat-mortality rate ratios; an algorithm for UHF-areas was created to
weight these characteristics correlated with the MRRgs., described below. Please note
that the weights were assigned to variables based on the subjective judgment of the
author, in consideration of the full scope of evidence provided by the earlier regression
and data analyses. The regression analyses suggest that NYC intra-urban areas that are
least white, have relatively higher poverty rates and the highest surface temperatures,
with lower rates of senior’s access to air conditioning and higher prevalence of
hypertension, had a trend towards higher rates of excess deaths during Heat Alert days
(i.e., HI>=100). Further research on intra-urban vulnerability to heat-related health
effects in NYC should incorporate formal statistical techniques such as principal

components and factor analysis to derive vulnerability indices.

Index 1:

This index is a composite measure at the UHF-level incorporating and weighting
several measures: the percent of seniors with no access to home air conditioning in 2007,
the percent of total population below poverty level; the UHF-areas in the highest surface
temperature quartile on 8/14/02; prevalence of hypertension among those age 65+; and
percent of housing units occupied by non-owners; and a measure of UHF-areas over 90%
non-White. The composite UHF-area index is more predictive of the MRRgs, than

individual variables (r=0.453):
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Figure 4.18: Index One
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Index One Algorithm: 2 (Percent lack of senior’s access to AC) + 3 (percent total pop
below poverty) + 50 (if in highest surface temperature quartile) + 1 (Percent prevalence
of hypertension) + 1.25 (Percent non-owner occupied housing units) + most non-White
population by UHF (25 for areas above 90% non-White; 50 for areas > 95% non-White).
In the absence of statistically significant multivariate models for the UHF-area
mortality rate ratio, the advantage of constructing an index variable is the possibility of
sensitivity tests; e.g., removal of the measure of most non-White UHF-area populations
reduces the predictive value of Index 1, from R-squared = 0.21 to R-squared = 0.13 (or,
r=0.453 to r=0.365). Use of multiple variables in an index form may provide a
convenient estimation of area-based vulnerability, but does not provide control for these
variables. As noted earlier, further analysis will incorporate more formal techniques for
deriving indices, such as factor analysis. The above index is a subjectively-guided

analysis based on the author’s knowledge of the evidence and assessment of factors that

create vulnerability to heat-related mortality in New York City.
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Table 4.9: United Hospital Fund areas, Vulnerability Index One

Index One

UHF Area Name Borough Total

106 High-Bridge - Morrisania Bx 383.8
203 Downtown Heights - Slope Bk 368.1
204 Bedford Stuyvesant - Crown Heights Bk 365.0
211 Coney Island - Sheepshead Bay Bk 356.5
107 Hunts Point - Mott Haven Bx 340.3
105 Crotona - Tremont Bx 324.1
304 Upper West Side Mn 319.2
201 Greenpoint Bk 317.7
301 Washington Heights - Inwood Mn 316.4
306 Chelsea - Clinton Mn 310.2
207 Borough Park Bk 298.7
302 Central Harlem - Morningside Heights Mn 296.5
310 Lower Manhattan Mn 294.7
303 East Harlem Mn 293.7
408 Jamaica Qns 287.8
103 Fordham - Bronx Park Bx 284.6
305 Upper East Side Mn 282.2
405 Ridgewood - Forest Hills Qns 279.4
208 East Flatbush - Flatbush Bk 277.4
401 Long Island City - Astoria Qns 272.3
308 Greenwich Village - Soho Mn 260.9
503 Willowbrook Sl 259.6
206 Sunset Park Bk 259.0
104 Pelham - Throgs Neck Bx 256.1
307 Gramercy Park - Murray Hill Mn 256.1
402 West Queens Qns 253.3
504 South Beach - Tottenville Sl 239.7
101 Kingsbridge - Riverdale Bx 236.7
210 Bensonhurst - Bay Ridge Bk 234.5
410 Rockaway Qns 232.3
209 Canarsie - Flatlands Bk 225.4
102 NE Bronx Bx 223.5
202 Williamsburg - Bushwick Bk 217.0
502 Stapleton - St. George Sl 212.3
406 Fresh Meadows Qns 212.2
403 Flushing - Clearview Qns 206.0
309 Union Square - Lower East Side Mn 204.4
205 East New York Bk 200.8
501 Port Richmond Sl 184.2
404 Bayside - Little Neck Qns 181.0
409 SE Queens Qns 165.0
407 SW Queens Qns 151.5
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The following chapter briefly presents and discusses the results of the ecological
analysis of New York City’s surface urban heat island. Chapter 6 then discusses the
results of the ecological analysis of heat-associated mortality rates presented in this

chapter.

Endnotes

! Area-based mortality rate ratios calculated by Kristina Metzger, PhD.

% Per consultation with Professors Patrick Kinney, Mailman School of Public Health, Bogdan Vasi, School
of International and Public Affairs, Thomas Matte, CUNY, formerly Research Director for the
NYCDOHMH Bureau of Environmental Surveillance and Policy, and Kristina Metzger, epidemiologist
formerly with the NYCDOHMH. There was disagreement amongst the research advisors about what the
threshold level should be for this analysis, with some suggesting that r>0.20 should be the cut-off, as
indicative of some correlation between the independent and dependent variable relevant for ecological
studies in environmental health, although the significance may be below p<0.10 due to the small sample
size and reduced power. That level was acceptable to most; however, another advisor viewed that as
arbitrary and not entirely defensible. Therefore, I adopted the slightly stricter standard of p<0.10 for the
analysis, and also note in the text those correlations that came just below this cut-off level.

? See: http://nyc.gov/html/doh/html/tracking/tracking.shtml. Accessed January 3, 2010.

* Given the spatial imprecision of the Pluto tax lot data and the resulting mismatch with the Emerge land-
cover data, a larger buffer of 30-feet could also be used.

> For further information on ASTER data products, please see
http://asterweb.jpl.nasa.gov/data_products.asp.

% The data issue is with the transportation land use data derived from PLUTO data; this is a subject for
follow-up research.
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Chapter Five

Urban heat island models

Correlation between surface temperatures and income measures:

NYC’s surface temperature is negatively associated with income, so that higher
income neighborhoods tend to have a cooler surface temperature and higher surface
temperatures are found in districts with higher rates of poverty (Figure 5.1 and 5.2,
below; Figures D-1 — D-6 in the Appendix). This association is consistent at the
Community District, UHF-area, and census tract level, for income (median household

income by areal unit) and poverty measures (percent total population below poverty;

percent below 200% of poverty level).

Figure 5.1: Surface temperature, 9/8/02 and median household income by
Community District:

Surface temperature, 9/8/02 and median household income
by Community District
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Figure 5.2: Surface temperature by census tract, 8/14/02

Mean Surface Temperature by Census Tract, 8/14/02
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Predictors of neighborhood- average surface temperatures

Multivariate regression (ordinary least squares and generalized linear modeling)
was used to model predictors of the surface urban heat island effect, using remotely-
sensed surface temperatures from the three summer dates in 2002 aggregated and
averaged to the neighborhood scale as the dependent variable.

Results included several models with neighborhood income and poverty rates,
land-cover measures including trees and impervious cover, and demographic
characteristics as statistically significant predictors of surface temperature (p<0.001),

shown in Table 5.1.
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Table 5.1:

Surface urban heat island models

UHF areas CD
Model 1 Model 2 Model 1 Model 2 Model 3 Model 4
Predictors: 8/14/02 9/8/02 9/8/02 7/22/02 7/22/02 8/14/02
SES
Percent below poverty .314%*x* .345%** 451 k% %%
(2.773) (3.184) (3.913)
Pct below 200% of poverty .928****
(5.213)
Mean household income - 440 kx| - 471 x**kx
(-3.703) (-4.813)
Pct home ownership .694***

(3.163)
Land-use/Land-cover:
Impervious cover 648K KKk | g5%*kxx | 38k K** .339%** 481 HKK* 372% %%
(4.298) (4.201) (4.287) (3.259) (4.270) (3.103)

Demographic

Percent Black/African American .198* .252%* .328*%** .330%** .199%*
(1.687) (2.589) (3.047) (3.222) (1.830)

Population density -.290%** -.198%*
(-2.627) (-1.692)

Adjusted R-Square .517 .544 .552 442 .496 430

Notes: The dependent variable is the daytime surface temperature measured by Landsat 7,
aggregated to the Community District and UHF-area level.

Numbers in parentheses are the t values.

*p<0.10

**p<0.05

***p<0.01

****p<0.001

Discussion of urban heat island models

Summertime surface temperature is associated with income in NYC, so that
higher-income neighborhoods tend to have cooler surface temperatures, and communities
with higher rates of poverty were associated with higher surface temperatures. A high
correlation was found between area-based poverty and income levels and daytime surface
temperatures from Landsat 7 thermal infrared images from three summer dates in 2002 in
bivariate regression.

Multivariate modeling of predictors for satellite-derived land surface temperature
averaged to the neighborhood level found significant associations with poverty levels,

land-cover (trees, vegetation and impervious cover), and proportion of Black/African
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Americans. Areas with higher poverty rates, a greater percentage of Black residents,
more impervious cover, and a higher proportion of home ownership predicted warmer
surface temperatures.

Racial/ethnic variables (in this case, percent non-white and percent Black/African
American) are included here as predictors in multivariate models of the surface urban
heat island effect. The predictive ability of these variables in these models is interpreted
as a representation of how decades of economic and housing discrimination manifest in
the array of land-use, land-cover and urban design factors that influence the urban heat
island effect. In effect, these racial/ethnic variables act as an index variable in these
models, measuring “the ways in which social processes that sort out neighborhoods
socially intersect with characteristics of the built environment.”! Obviously, there is not
a direct causal relationship.

In these models, population density (population per square kilometer) was
negatively associated with surface temperatures. This result may seem counterintuitive,
but is probably due to the time of day that the original data was collected. All the
Landsat 7 imagery was captured at 10:30 a.m. Eastern Standard Time during the summer.
This early in the day, more densely populated areas have buildings that shade areas,
making them relatively cooler than later in the day.” Research with other datasets, as
they become available, will be helpful to assess how intra-urban temperatures vary at
other times, especially the evening hours when the UHI magnitude is greatest.

The strong negative correlation between measures of aggregated surface
temperature and median household income by CD, UHF-areas, and census tracts, and the

positive correlations between surface temperatures with poverty rates raises several
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questions. Namely, why do poorer neighborhoods in New York City tend to have higher
surface temperatures?

There is a dearth of literature of the effect of socioeconomic status and exposures
to intra-urban variability of the heat island effect with large cities. As described earlier,
Harlan et al. (2006) found warmer temperatures in neighborhoods with less vegetation
and a higher Hispanic population in Phoenix. Stone & Norman (2006) used high-
resolution radiance data (radiant flux density) to derive a parcel-based indicator of
surface warming and assess the relationship between urban design characteristics and the
surface urban heat island at the parcel-level in the Atlanta metropolitan region. They
found that lower density development provided a greater surface warming effect than
higher density parcels, when controlling for class of land use and number of bedrooms.
In their analysis, while both impervious cover and lawns and landscaping were positively
related to surface warming, “the area of lawn and landscaping—a strong correlate of
parcel size—was found to be the strongest predictor of excess surface warming.” In
other words, low density sprawl and its large lawns create a greater heat island effect in
the Atlanta region. This may explain the finding here that percent home ownership is
also a positive predictor of morning summertime surface temperatures derived from
Landsat. However, Atlanta and Phoenix are quite different than New York City in terms
of density, urban design and vegetation.

Coming back to the question of why higher daytime surface temperatures are
associated with lower average incomes in New York City, this may be explained by built
environment qualities. Lower-income and higher-poverty areas may use cheaper roofing

materials which tend to be less emissive and have lower reflectivity (albedos); i.e. asphalt.
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These areas may have less tree canopy coverage and more impervious cover, as well as
fewer parks and open space features.

This is an initial exploratory modeling exercise. Further multivariate analysis is
needed to incorporate more land-use variables derived from the NYC Pluto dataset, and
at finer spatial scale. Detailed land-use and land-cover analysis will help reveal the
specific reasons for this strong correlation between income and poverty levels and surface
temperatures in NYC. For public health research, additional datasets that provide day
and night-time near-surface air temperatures will be useful in land-use regression models.
Even at this initial stage however, these results suggest the substantial uneven distribution

of heat, a major health-relevant urban pollutant.

Endnotes:

" Elliott Sclar, advisor of this research, noted in personal correspondence, “These independent variables are
as you note proxy indices for the way in which neighborhoods sort out in terms of desirability. Hot spots
are not hot with the white bourgeoisie!” (personal correspondence, March 15, 2010).

? Unfortunately, there is not a citywide data set of afternoon or evening near-surface air temperatures
available as of the writing of this dissertation, although such data may be available later in 2010 through the
NYCDOHMH NYCCAS dataset.
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Chapter Six
Discussion of results: the ecological study of heat-related mortality in
New York City neighborhoods
This chapter is structured as follows. First, quantitative results relating to the
ecological study of heat-associated mortality rates from Chapter 4 are summarized and
discussed. Next, some limitations of this research are reviewed along with a description

of possible follow-on research, including a case study of two Community Districts.

Summary

Excess mortality during heat event days was unevenly distributed in New York
City’s Community Districts and United Hospital Fund (UHF) areas during 1997-2006,
with higher rates of excess deaths in parts of southwestern Bronx, northern Manhattan,
central Brooklyn and the eastern side of midtown Manhattan than other places in New
York City (Maps 1 and 2). The heat-associated mortality rate ratio (MRRgs,) represents
the average proportional increase from seasonal average daily mortality rates that
occurred during heat alert days (HI= or > 100) during the 1997-2006 warm season for
those age 65 and older. Some areas, including parts of northern Staten Island, northern
and southeastern Queens, and the Upper West Side of Manhattan had lower rates of
mortality on heat alert days during this time period (MRRgs+ < 1.0) compared to the
average summer season day.

The lowest-income Community Districts and UHF-areas (“neighborhoods”) had a
trend towards higher heat-associated mortality rate ratios. These low-income areas also

had a general trend towards hotter surface temperatures and a lower degree of air
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conditioning access for senior citizens. The hottest Districts and UHF-areas generally
had higher mortality rate ratios; however, stratification by poverty rates and income
levels showed this trend existed for the low-income/higher poverty neighborhoods, but
not for high-income/low poverty areas. As a group, the hottest CD- and UHF-quartile
has a significantly higher mean MRRgs, than the lower 75th—percentile areas.

Statistically significant positive associations were found in linear regression
models between excess mortality rates during very hot days and several characteristics at
the neighborhood level: poor housing conditions, homeownership, poverty, impervious
land cover, senior’s hypertension and the surface temperatures aggregated to the UHF
area level during the warm season. A negative association between area-based home-
ownership rates and the mortality rate ratio was the strongest correlation found in the
study. Several measures of housing quality were significantly correlated with the
MRRgs., including rates of dilapidated buildings and property tax delinquencies,
suggesting that the quality of senior’s housing is a population-level risk factor for
premature heat-associated mortality. There was also a negative association between
senior’s air condition access and the mortality rate ratio.

The attributable contribution of these ecologic factors to heat-associated mortality
rates (in terms of R-squared values) was small but significant, given the large amount of
random variability in day-to-day mortality (Metzger et al., 2009).

The measures of poor-quality housing are all positively correlated with increased
poverty levels as well, and could be interpreted as representing low SES. But as these
housing quality metrics had a greater explanatory value for the morality rate ratio at the

CD or UHF-level than measures of poverty and income directly, they suggest that
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policies to improve the housing conditions of elderly residents could play a role in
reducing heat-related mortality in New York City, although these policies are not yet
explicitly considered as part of climate adaptive planning.

The heat-mortality rate models presented in Table 7 contained one multivariate
model, with prevalence of hypertension in seniors and proportion impervious land cover
as predictors.'

Amongst racial/ethnic characteristics, there was a significant negative association
of the heat-mortality rate ratio with percent Asian population at the Community District
level that was slightly weaker at the UHF-level. Percent Asian population by CD was
also negatively associated with percent of total population under the poverty level (r=-
.44); percent of seniors in poverty (-.41), percent Black (-.56), percent vacant units (-.52),
property tax delinquencies (-.56) and the serious housing violations rate (-.49). At the
UHF-level, percent Asian population was positively associated with senior’s home AC
access (r=.42) and mean household income (.36), and negatively associated with percent
Black (-.55) prevalence of senior’s obesity (-.37), diabetes (-.34) and hypertension (-.35).

As well, the data show a trend for an increasing mortality rate ratio for those areas
that had the least proportion of White population. Those UHF-areas (n=26) above 50%
non-white had a strong positive correlation with MRRgs, (r=.44, p=0.02), and those CD’s
below the average percent White population (n=30) had a strong negative correlation
with MRRes, as percent White population increased (r=-.38, p<0.05).

Percent Black/African American and percent poverty by UHF-area were strong

negative predictors of senior’s air conditioning access in multivariate regression.
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Contrary to other studies, there was not an association with any measure of
senior's living alone at the ecological scale with increased heat-mortality rates. This is in
agreement with the City's investigation of the 2006 heat wave, in which living with others
was not protective (NYCDOHMH, 2006). While prevalence of senior’s hypertension
was a population risk factor in this study, several other health status measures from the
Community Health Survey, such as self-reported poor or fair health, were not. This
suggests possible avenues for the development of risk communication materials; e.g.,
those who are more susceptible, such as those with hypertension, may not be aware of
that risk.

These associations have not been controlled for individual or household-level
factors, which will be necessary to discern the full attributable role of neighborhood
characteristics in creating climate vulnerability. However, to the extent that area-based
research can provide some indication of the role of contextual and environmental effects
in creating susceptibility, this research has provided a first effort at evaluating the
characteristics in NYC neighborhoods that may increase risk of heat-associated mortality,
an often preventable cause of premature death.

These findings are in accordance with prior research (Ebi, 2009; Klinenberg,
2002; O’Neill, 2005) that noted the increased risk for low SES populations for heat-
associated mortality and racial/ethnic disparities in mortality and access to home air-
conditioning. Reviews of neighborhoods and health research have often asserted the
central role of SES, and generally have described how “living in a poor, deprived, or
socioeconomically disadvantaged neighborhood is generally associated with poor health

outcomes including greater mortality” as well as a host of other chronic diseases (Diez
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Roux and Mair, 2010). Similarly, the DOHMH has long noted the higher rates of
premature mortality and prevalence of some chronic diseases in many of these same low

SES, high MRRegs.. areas such as the southwestern Bronx (Karpati, 2004).

Discussion

This section starts by discussing the urban heat island results, and then findings on
the quality of the built environment and social determinants in relation to heat-mortality.

Satellite-derived surface temperatures aggregated to the area-level of Community
Districts and UHF-zones were used in this analysis. This ‘scaling-up’ of imagery-derived
surface temperatures originally provided at 60-meter (grid) resolution thus incorporates a
range of heterogeneous land uses and land cover into an area-based average. As the
average size of the 59 populated Community Districts is roughly 3,000 acres, this spatial
scale is a coarse estimation of the finer-scale surface temperatures that may be relevant to
personal exposures, and misses the variability of exposures. Further research should
incorporate methods such as case-control studies that can consider the effect of the
microclimates at the individual building scale and block-group level that may be more
relevant to individual exposures.

The aggregated ‘area-level’ surface temperatures did have a modest positive
correlation with the mortality rate ratios, but stratification by income and poverty levels
modified the effect, so that only the lower-income/higher-poverty areas had a positive
correlation with increasing excess mortality rates in warmer areas. These UHI findings
differ from Smargiassi et al., (2009) who studied the association between surface

temperatures and risk of death by postal code area in Montreal for warm season deaths
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1990-2003. They also used area-averaged surface temperatures derived from Landsat to
investigate the effect of microclimates on heat-associated mortality.

Smargiassi et al. stratified the association between temperature and risk of death
into two groups by the value of residential dwellings: high or low value, as a proxy for
socioeconomic status (SES). By stratifying in this manner, their finding was the opposite
of this research;

“when analyses were subdivided into those whose residences were located in

areas with dwellings of high or low values, a trend with surface temperature was

mostly seen in areas with dwellings of high values. This finding suggests that the
health of those who lived in areas of low dwelling values and probably of lower
socioeconomic status may be influenced by other risk factors more strongly than

by the surface temperature at their place of death (Ibid, p.663).”

In this NYC analysis, when the temperature-mortality association was stratified
by area-based income and poverty levels, poor neighborhoods retained a positive trend,
with generally increasing rates of heat-associated mortality as surface temperatures
increased, while wealthier neighborhoods had a significant negative correlation, with
mortality rate ratios tending to decrease as surface temperatures increased.

The effect modification found here could possibly be explained by several factors.
Most higher-income Community Districts and UHF-areas’ tend to have a greater
prevalence of home air conditioning use. The theory proposed by Phelan & Link (1995)
and Phelan et al. (2004) and discussed in Chapter 3 helps to explain this result as well. If
mortality disparities are fundamentally associated with SES disparities and arise due to
the differential access to resources, knowledge and connections that accrue to higher

SES, regardless of circumstances and potential disease-causing mechanisms, than

environmental stressors such as higher surface temperatures and radiant heat load may
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not be a significant risk factor for heat-associated mortality in wealthier areas, as other
factors may act as a protective buffer against hazardous exposures. That is, vulnerability
may be inherently decreased for populations in these higher-income areas due to their
contextual conditions.

In NYC, residents of relatively wealthy neighborhoods may have options to
alleviate increased heat exposure, such as neighbors with air conditioning, access to
transportation and local air-conditioned places, or their own home AC, that residents of
low-income neighborhoods have fewer of. However, individual-level exposures and risk
cannot be evaluated through this study, especially where the spatial scale is directly
related to the possible exposures. Other research designs may explain more about the
relevance of surface temperatures for health-relevant exposures in diverse populations.

The positive correlation between increasing surface temperatures and heat-
mortality rates for the lower-income Community Districts and UHF-areas suggests that
summertime surface temperatures are a risk factor for heat-associated death in New York
City in poorer neighborhoods.

This analysis also uses surface temperature data as a proxy for near-surface
ambient air temperatures, which may be more directly health-relevant for heat
vulnerability and exposures. While correlations between satellite-derived surface
temperatures and ambient air temperatures are often strong, they may vary due to a range
of factors, including “land surface type, urban design features, location of near-surface
temperature measurement, and local climate characteristics” (Smargiassi et al., 2009). In
addition, neither of these measures, ambient air or surface temperatures, may be as

relevant to heat-health outcomes as measures of indoor household temperatures, which



159

are a function of both the radiant and ambient conditions. Research in NYC to assess the
relationship of surface with ambient air temperatures and their effect on indoor air
temperatures and conditions within residences will help in understanding actual exposure
routes during heat alert days.

The surface urban heat island is influenced by land-cover, including the percent of
tree coverage and impervious cover. Previous research has shown both surface and
ambient air temperatures to be related to tree coverage, total vegetative cover, the albedo,
or reflectivity, of surfaces, and impervious land cover (Slosberg et al., 2006). The
multivariate model presented in Chapter 4 includes percent impervious cover and
prevalence of hypertension diagnosis (65+) as predictors of increased UHF-level heat-
mortality rates (p<0.10), suggesting that the City’s various programs to increase
vegetative cover -- forestry (MillionTrees), green streets and the use vegetated swales,
and the green roof tax incentive — may help to create a more healthful environment.

Overall, several measures of housing quality that also can be interpreted as
indicators of SES — proportion of dilapidated and deteriorating residential buildings,
property tax delinquency, air conditioning access and serious housing violations rates —
provided the strongest correlations to area-based excess mortality rates. These findings
reaffirm prior research that highlighted the quality of neighborhood built environment
and social determinants as relevant for heat-associated mortality risk. They provide
evidence for the utility of NYC’s program to provide air conditioners to low-income
seniors for saving lives, and raise questions about how planners may address the role of
poor housing quality and poverty in creating vulnerability to heat-associated mortality.

The proportion of owner-occupied housing units by UHF area has the strongest
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association in this research, which may be an indicator of the stronger community ties,
stability and the array of resources and capacity typically associated with homeownership
and possessed by homeowners (Dietz, 2003).

Per the Morrello-Frosch model discussed earlier, neighborhoods with higher rates
of homeownership may have a buffering, protective effect on the risk of heat-associated
mortality due to their positive community externalities. Prior research has found areas
with high degree of homeowners to typically be associated with stronger locally-based
social networks, greater involvement in local community, lengthier resident tenure, and
familiarity with a great number of neighbors — all factors supported by prior research as
potentially protective against adverse heat-health outcomes (Dietz, 2003; Kawachi and
Berkman, 2003).

The metrics of property tax delinquencies and housing violations are worth
examining for what they might reveal about how the quality of the built environment may
create higher risk for seniors. The highest correlation values at the CD-scale are rates of
property tax delinquencies in Class 1 properties, which are primarily smaller residential
buildings: one-, two- and three-family homes and condos of three stories or less. That
suggests that conditions in these types of smaller single family or small multi-tenant
dwellings may be relevant to increased heat-related mortality risk, as per HPD, property
tax delinquencies typically follow periods of under-investment in maintenance of
residential buildings and come before foreclosures. In this way, the rate of property tax
delinquencies can be seen as a measure of neighborhood stability/economic stress and
building conditions relevant to climate-health outcomes. Similarly, the rate of housing

violations in a neighborhood may be a climate-health relevant metric describing the
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quality of housing and the physical environment. Together, these built environment
measures describe levels of community needs and also indicate possible local constraints
to adaptation.

Taken as a whole, these findings are troubling given the current economic
recession. Housing foreclosures have increased dramatically in New York City over the
past two years, and are expected to increase further, affecting minority (over 50% Black
and Hispanic) and low-income neighborhoods in Queens and Brooklyn more than others
(Deyanira Del Rio, personal correspondence, April 17, 2009). Reflecting the economic
downtown, rates of homelessness in the city have risen by 34%, and the city’s goals for
the creation of new affordable housing units have not been met to date (Gross, 2009;
Bosman, 2010).

This suggests that health burdens resulting from current housing foreclosures and
the economic recession may include increased vulnerability to heat-related morbidity and
mortality for affected communities, as increased foreclosures and housing instability
create greater stress in the physical and social environment and for individuals, and
disrupt neighborhood-based social networks and norms. It also suggests that the
development of urban climate adaptation programs should explicitly consider means for

addressing housing inadequacies and instability in their planning processes.

Limitations
These findings reflect the limits of an ecologic analysis; that the presence or
absence of a linear relationship between neighborhood-level characteristics and excess

mortality rates does not imply that such a relationship necessarily will or will not exist at
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the individual level. However, in spite of this caveat, this analysis suffers less from
ecological concerns than most previous work that has been carried out at the level of
metropolitan areas. By disaggregating data at the intra-urban level, this analysis is
conducted at a much finer scale than in most previous work, alleviating some concerns
regarding ecologic bias.

The ‘neighborhoods’ used in this study are defined as administrative proxies, by
Community Districts and UHF-areas that themselves encompass what are commonly
understood by New Yorkers as neighborhoods. The research could be strengthened by
use of locally-based definitions of neighborhoods (e.g., based on census tract analysis of
excess mortality rates during heat events) and by the direct collection of data on
neighborhood characteristics such as housing conditions (Corburn et al., 2006; Diez Roux
& Mair, 2010).

A dichotomous heat index measure was used to estimate excess mortality; the
health-outcome measure is the ratio of natural cause deaths on heat alert days (HI = or >
100 degF) vs. all warm season days during the study time period. However, mortality has
an association with warm weather at a range of temperatures in New York City, and heat-
associated mortality occurs on days that do not reach this threshold and are Heat Index
<100 (Curriero et al., 2002; Metzger et al., 2009). The dependent variable here therefore
does not represent the full range of heat-associated mortality that actually occurred during
the study period, and it is possible that the magnitude of associations with neighborhood
characteristics would change with use of a different metric. Similarly, although seniors

are at greatest risk, heat-associated mortality occurs in NYC at ages below 65 years, and
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it is unknown how factoring in the excess mortality for all age groups would influence
these findings (DOHMH, 2006).

The health outcome measure, MRRgs., is based on the same-day Heat Index (HI),
as recent research has shown that same-day HI has a linear association with daily
mortality in New York City (Metzger et al., 2009). However, heat-related mortality in
New York City is best predicted by a non-linear association that incorporates the
previous 2-day temperature and the same-day Heat Index (Metzger et al., 2009). Future
research may use other modeling methods to evaluate community characteristics using a
lag time with same day and previous 1-and 2- day temperature as a predictor.

The health outcome measure, the mortality rate ratio, may also be sensitive to the
reference period used (Hoshikdo et al., 2010). The mortality rate ratio (MRRgs,) used in
the present study is possibly biased by use of a large reference period if there are intra-
seasonal patterns in daily natural cause mortality rates; that is, if there is a seasonal effect
modifying the temperature-mortality relationship within the May-September warm
season. To characterize the excess mortality on very hot days (HI >= 100), the
comparison reference period used in this study was the entire May-September warm
season for 1997-2006, a total of 1530 days. There were 49 days during the study period
with maximum HI equal to or above 100; of these, 5 days were in June, 22 in July, and 22
in August, with no days in May or September. Examining excess heat-related mortality
due to a 2006 California heat wave, Hoshiko et al. (2010) used mortality rate ratios with a
more limited exposure and reference period, comparing mortality rates during the two-
week heat wave period (15 July — 1 August) with an equivalent number of reference days

close in time to the hot period, with the same distribution of days of the week, in order to
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maximize comparability (p.134). They tested the influence of the reference period by
examining alternate time periods, including the rest of the summer (June-August 2006),
still controlling for the days of the week, obtaining similar results (Hoshiko et al., 2010).
It will be useful to follow-up this present study and examine NYC’s excess mortality
using different heat exposure periods (e.g., during heat waves rather than HI>= 100) and
more complex spatially-stratified time series models. These limitation of the mortality
rate ratio used in this study may be reflected in its range, as several Community Districts
and UHF-areas have a MRRgs,. > 1.00.

The following are also limitations of this research:

* Health relevant air pollutants, especially ozone, are not controlled in this
analysis although they may be a causal factor responsible for a portion of natural cause
mortality on very hot days. This research did not control for air quality on heat event
days or test correlations with the mortality rate ratio due to the lack of area-based data on
ozone and fine particulate (PM10) levels at the UHF or CD-level.*

Prior research has shown that daily variations in ozone and fine particulate matter
(PM10 and 2.5) are associated with daily mortality in cities (Kinney, 1999; Koken et al.,
2003; Thurston and Ito, 1999). Ozone is a photochemical pollutant whose formation
from precursor emissions is accelerated during hot and sunny days, with a rise in near-
surface ambient concentrations.

Heat event days during 1997-2006 would more than likely have increased levels
of ozone. Therefore, ozone air quality, acting either independently or in combination
with high temperatures, may be responsible for part of the excess mortality noted during

the study period in New York City. Other cities have found an increase in fine



165

particulates during summer, but whether hot weather would tend to increase or decrease
ambient concentrations of fine particulates in New York City is less clear. According air
quality scientist Patrick Kinney, there is not much impact of temperature on PM; 5 as a
whole, but there are higher levels of "secondary" components like sulfates, since the
formation reactions work faster at higher temperatures. Other particulate components
may decrease due to going from solid to gas phase at higher temperatures (Patrick
Kinney, personal communication, March 29, 2010).

Research on the 2003 European heat wave concluded that air-pollution related
deaths comprised a significant proportion of the excess mortality during that high-
mortality event. An excess of 1000-1400 deaths were estimated to have occurred in the
Netherlands during the hot summer of 2003; Fischer et al. estimated that the number of
deaths attributable to the effects of increased ozone and particulate matter during this
time was about 400-600 (2003). In the UK, Stedman (2004) calculated that 21-28% of
the total excess deaths during the heat wave of August 2003 were associated with
elevated ambient ozone and PM 10 concentrations. The first two weeks of August 2003
brought record-breaking temperatures to the UK, and an excess of 2,045 deaths were
reported in England and Wales, compared with the 1998-2002 mortality rates during the
same time period (Stedman, 2004).

Thus, excess mortality rates on hot days in this study may be partially attributable
to air pollution that is itself temperature-sensitive. This may account for part of the
protective effect of indoor home air conditioning, which can reduce exposure to outdoor

ambient ozone. It also has implications for preventative efforts to reduce risk and for the
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development of health communication strategies, which may stress the combined effect
of heat and air quality (Stedman, 2004).

* Readers of Chapter 4 may have noted that while correlations at the UHF and
CD-scale agree in the direction of association and are generally in the same range, they
differ in magnitude. This is known as the modifiable area unit problem (MAUP), and
occurs when the statistical analysis of data aggregated to different size areas yields
different results. For this study, the administrative boundaries of CDs and UHF define
different areas, and correlations of the same variable (e.g., owner occupied housing units)
with the health outcome metric are somewhat different. There was, however, no reversal
of trend in correlations at these two different scales, despite changes in the magnitude of
the R-squared values.

The differences here correspond to the expectations of the MAUP’s general
influence on statistical results — that larger sized areas tend to have a greater correlation
when used in regression analysis. Here as well, associations of neighborhood
characteristics with the health outcome measure were stronger at the UHF-scale (lower-
resolution) than the higher-resolution, finer Community District-scale. This
methodological concern could be alleviated by the use of multi-level studies that
incorporate individual and household-level data to test neighborhood effects.

* The multivariate models that achieved statistical significance were limited. The
bivariate regressions and vulnerability index described in Chapter 4 are limited by the
lack of control for correlated neighborhood characteristics.

* Research on the influence of community-based social networks in reducing risk

and how they affect or alleviate vulnerability would add relevant insights and is a gap in
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this research. Data on NYC area-based social networks and capacity were sought for this
analysis from the US Forest Service’s Stewardship Mapping and Assessment Project
(STEW-MAP), but were not able to be incorporated into Community District or a UHF-
metrics.” Other measures of social capital at the local scale should be developed, through
measures such as voter participation rates, membership in civic organizations, but is
beyond the resources of this analysis.

* Finally, there is possible but currently unknown instability in the data due to the
limited number of very hot days with the Heat Index equal to or above 100.

Despite the limitations noted above, these findings affirm the importance of
neighborhood characteristics and social determinants in targeting heat emergency
response activities. In addition, the findings suggest that urban design strategies to
mitigate the urban heat island (e.g., changes in building materials, water, vegetation and
design) should target resources to rehabilitate and improve residential housing conditions
in lower-income areas and incorporate local data on neighborhood vulnerability to reduce

health impacts of climate extremes and variability.

Further research of heat-mortality models

Further quantitative research may help to refine heat-mortality models — through
additional research at the ecologic scale, by use of multi-level modeling, and by use of
finer-scale research within the city, using self-defined areas or other research designs.
The ecologic analysis can be further refined by analysis of biophysical characteristics
(vegetative cover and UHI effect) weighted by senior population density, and use of

inverse variance regression with these variables.
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Further modeling in conjunction with individual exposures can help to assess and
quantify the impact of selected socioeconomic, demographic, biophysical and built
environment characteristics. A subset of the ecologic measures identified through this
analysis, those with the most explanatory significance, will be used to develop refined
models of hot weather meteorology and mortality, using spatially-stratified time series
analysis and incorporating a hierarchical analysis to formally test neighborhood modifiers
of heat related mortality risk.

Research with self-defined areas at a much finer spatial scale, such as the census
tracts with greatest heat-mortality rate ratios, for the biophysical characteristics would be
useful. A case-control study on heat-stroke deaths during the study period with a buffer
analysis could be a good research design for testing the effect of biophysical variables.
And as described earlier, research within residential households that assess indoor
temperatures during heat events and their relationship with surface and near-surface air
temperatures may help to inform preventive health, urban design and architectural

strategies for alleviating heat-health effects as well as refine heat-mortality models.

Case study for further research: Two Bronx Community Districts

An interesting case study identified through this research would lend itself to
direct collection of data in the field and ethnographic research methods. Mapping the
spatial distribution of the heat-mortality rates across New York City revealed an
intriguing disparity between adjacent neighborhoods — the City’s highest MRRgs, 1s
found in Community District 205, Fordham/Morris Heights in the Bronx, and the lowest

is found in its adjoining neighbor to the north, CD 207, Kingsbridge Heights/Bedford
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Park (Map 8, below). What might lead to such a variation in excess mortality rates
during heat alert days in two adjacent neighborhoods, with a shared history, similar
housing stock, and shared major commercial strips? What may account for this disparity

in rates during the ten year study period?

Map 8: Bronx Community Boards 205 (Fordham/University Heights) and 207
(Kingsbridge Heights/Bedford Park), with the highest and lowest rate ratio for senior’s
heat-related mortality during 1997-2006, respectively.
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Bronx 207, with the lowest MRRgs., is comprised of the neighborhoods of
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Bedford Park, Fordham, Jerome Park, Kingsbridge Heights, Mosholu Parkway, Norwood

and University Heights. To its south is Bronx 205, comprised of the South Fordham,

University Heights, Morris Heights, and Mount Hope neighborhoods. A summary of

some characteristics of these two Districts follows:

Table 6.1: Bronx Community Districts 205 and 207

Percent of
Households Percent
Total Percent that are below 1999 Median Percent of Pt High School
Population Seniors Seniors Poverty Household Seniorsin  Graduate and
CD Neighborhood 2000 2000 Living Alone Level Income Poverty Higher
207 Kingsbridge Heights/Bedford Park 141,411 7.66 7.20 32.99 $27,740 24.98 61.66
205 Fordham/University Heights 128,313 5.06 5.10 41.42 $20,620 33.49 51.23
NYC 2000 Average 59 CDs 135,681 11.47 9.74 22.38 $38,714 20.30 70.68
Percent
Percent Percent Hispanic Percent
CD Neighborhood Black White (all races) Asian
207 Kingsbridge Heights/Bedford Park  20.00 10.72 59.22 6.40
205 Fordham/University Heights  32.43 1.49 61.61 1.57
NYC 2000 Average 59 CDs 24.84 34.39 28.03 9.08
ACTes of Upen
Space per Total Serious Percent
1,000 vegetated Percent Housing Percent Renter
population portion of Trees Land Violation Vacant Occupied
Ccbh Neighborhood (2004) land-cover Cover Rate, 2003 Units Units
207 Kingsbridge Heights/Bedford Park 2.1 21.87 13.78 80.00 4.61 92.43
205 Fordham/University Heights 0.4 17.79 10.54 89.00 5.68 95.38
NYC 2000 Average 59 CDs 2.7 27.12 16.61 39.83 5.01 71.47

Both 207-Bedford Park and 205-Morris Heights are low-income and high poverty

neighborhoods, with median household incomes well below the 2000 city average of

$38,715, although 205-Morris Heights is lower. In 2000, both Districts had comparable

infant mortality rates, 205 with a rate of 7.7 per 1,000 births, and 207 with 7.6. A

substantial proportion of population in both areas were on some form of income support

in 2000; 205-Morris Heights had the greater proportion, with 41.7% of their population
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receiving income support (public assistance, supplemental security income, and
Medicaid) in 2000, compared to 31.8% of the population in CD 207-Bedford Park.

Both Districts are predominantly Hispanic neighborhoods, with over 50% of the
population Hispanic compared to the City’s average of 28%. Bronx 207 has a greater
proportion of White and Asian population compared to 205, although both are below the
City’s average; Bronx 205 has a great proportion of Black population compared to 207.
Both districts have a similar mix of predominantly multi-family residences, mixed
residential and commercial areas, and a small portion of 1-2 family homes.

Bronx 205 and 207 have some markedly different land-use features that may
influence environmental quality, ambient temperatures and air quality, although no
District-based data are available currently to examine these factors. Most striking is the
difference between the two Districts in parkland, vegetated land cover and open public
and institutional space. CD 207 is bordered on the north by Van Cortlandt Park and
Woodlawn Cemetery; to the east by the New York Botanical Gardens; to the west by the
Jerome Park Reservoir, the Major Deegan Expressway and the Harlem River; and to the
south by E. Fordham Road and Bronx Community College. In addition to being bounded
largely by water or green space, District 207 also contains a large proportion of parks and
public institutions, including the very large greenway of Moshulu Parkway which
traverses the district (>80 acres), Bronx Park, Harris Park, St James Park, Devoe Park and
Poe Park, along with aqueduct lands, the Bronx Botanical Gardens, Van Cortlandt Park,
the Bronx Historical Society, Lehman College and Monroe College, and other noted

schools and cultural institutions. CD 207 also contains Montifiore Medical Center and its
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affiliated health centers. The CD 207 proportion of institutional and public open space is
several times that of CD 205 to its south.

In contrast to the generous green space in and around CD 207, CD 205 is
surrounded by major transportation routes and contains very little public, green or open
space, and the has City’s second lowest acres of open space per capita (2004). Most of
the very small (<1 acre) parklands found in CD 205 are park strips or grassy areas and
plots adjacent to major highways or Avenues; there are also two small parks, including a
4-acre aqueduct walk, and Roberto Clemente State Park, 19 acres on the Harlem River’s
western boundary of CD 205.

CD 205 is bordered on its east by Webster Avenue; to its north by E. Fordham
Road, W. 183™ St, and Bronx Community College; to its west by the Major Deegan
Expressway and the Harlem River; and to its south by the Cross Bronx Expressway and
the George Washington Bridge highway entrance. In describing the history of CD 205’s
neighborhoods, the normally dispassionate website for its Community Board describes
the history of Morris Park this way; “...in the early 1950’s a developer named Robert
Moses rammed the infamous highway through the, neighborhood, more or less
destroying it. The Cross Bronx Expressway bisects Morris Heights. This in part is
considered to be the cause of the fall of the South Bronx...”®

Field or ethnographic research in these two Districts to discern and characterize
the possible social, cultural, land-use or physical circumstances underlying the
differences in heat-mortality rates, while beyond the resources of this dissertation, is a
great research topic that follows-on Klinenberg’s ethnographic survey of neighborhoods

in Chicago. It may be that the presence of a major medical facility and its associated
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local outreach programs in CD 207 makes a difference in the behavioral response to heat-
alerts, or that the contrasting land-use in these two Districts affects environmental
exposures. These are interesting areas for further evaluation, and multilevel studies that
combine analysis of individual-level exposures, microclimates and examine the influence
of nested exposures in the home and neighborhood, may help elucidate the causal factors
in their differing temperature-sensitive mortality patterns.

Two Bronx UHF areas encompass CD’s 205 and 207; UHF 103 (Fordham-Bronx
Park, contains CD 207) and UHF 105 (Crotona-Tremont, which contains most of CD
205). Despite altered land area and boundaries, these UHF areas also have a significant
discrepancy between their mortality rate ratios; UHF 103- Fordham Bronx Park’s
MRRgs, is 1.0088 (95% CI: 1.0062, 1.0114), well below the mean, and UHF 105-
Crotona-Tremont’s is 1.2702 (95% CI: 1.2418, 1.2985), one of the highest in the City.7

The spatial distribution of mortality rate ratios differs somewhat for UHF areas,
with different boundaries than Community Districts, in a display of the modifiable areal
unit problem, discussed earlier. The area with the lowest MRRgs, is UHF 501, Port
Richmond in northern Staten Island (MRRgs,. <.75). The UHF area with the City’s
highest MRRgs, (>1.40), Williamsburg-Bushwick (211), is a notable outlier in several
characteristics; with the city’s highest number of housing violations, the highest
aggregate surface temperature during a heat wave day 8/14/02; and the second lowest
level of population educational achievement in the City, with 27.8% of its population not

graduated from high school.
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Conclusion

Past researchers have noted that disparities in health outcomes in New York City
neighborhoods are indicators of areas that concentrate relative deprivation and
environmental hazards. The same holds true for heat-associated mortality rates at the
neighborhood scale. At a population level, the realities of living in low-income, under-
resourced neighborhoods with higher rates of substandard housing generally created
greater susceptibility for heat-associated mortality during this recent time period.

The study suggests that the current foreclosure and housing crisis, including
increased rates of homelessness in the city, may increase vulnerability and susceptibility
to heat-health effects, and that targeted outreach to the areas hardest hit by substandard
housing, foreclosures and declining housing quality should be useful. Further research
should evaluate the interaction between individual characteristics and neighborhood
effects on heat-associated mortality, the role of local social networks in reducing
vulnerability to heat-health effects, and for understanding the effects of microclimates at
the building and household scale in creating exposures to excessive heat.

My initial hypotheses before starting this research were that:

(1) Surface temperatures and heat will be greatest in New York City neighborhoods that
are the most impoverished and non-white; and (2) Mortality during a heat wave is more
likely to occur in hotter neighborhoods, that are also vulnerable due to their demographic
and physical context.

Based on the surface urban heat island regressions, data at the CD, UHF- and
census tract-level suggest that the first hypothesis is true; the surface urban heat island

has an association with income levels, and surface temperatures tend to be higher in
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lower-income areas. Study of near-surface ambient air temperatures was not possible, as
data at the neighborhood level is not yet available, though they will be later in 2010.
Percent Black/African American was an explanatory factor in warmer areas in the heat
island regression, though impervious cover and measures of income and poverty levels
explained a greater portion of surface temperatures.

The second hypothesis needs rewording to make it more accurate, though the
results are not far off the mark. The mortality rate ratios (age 65+) were significantly
higher in the hottest quartile of UHF-areas and CDs, although that effect was modified by
poverty and income levels. Community District and UHF populations also were more
vulnerable due to their physical context, in terms of measures of poor housing quality that
are closely correlated with neighborhood socioeconomic status. Therefore, the second
hypothesis was close, but is more accurately described by “Excess mortality rates during
extreme heat events are likely to be higher in the hottest neighborhoods; vulnerability and
susceptibility in these areas are enhanced by poor socioeconomic status, as expressed
through poor housing quality, reduced air conditioning prevalence, and low household
income levels.”

Generally for a given level of risk from climate change and variability, it is the
poor that are most vulnerable (Cleugh et al., 2009, p.9). The following chapter examines
how the planning process to adapt to the impacts of climate variability and extremes is
carried out in New York City, who is included in this process and how adaptive responses
are distributed, to consider if this process can more fully address these root causes of

vulnerability.
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Endnotes

" A couple of models that were statistically significant at the CD-level had poverty rates and transportation
land uses as predictors, but could not be included here due to data issues that need further investigation.

* To the author’s knowledge, Smargiassi et al. (2009) is the only published study that analyzes this
association between satellite derived surface temperature and heat-health outcomes.

? As discussed in Chapter 4, the Community Districts were stratified into two groups -- above and below
the citywide average poverty rate, and UHF-areas stratified into two groups, above and below the citywide
average median household income.

* This data will be available in the future through the NYCDOHMH’s New York City Community Air
Study (NYCCAS). However, as of the writing of this dissertation chapter, data on air pollutants at the CD
and UHF-level have not yet been publicly released and were not available for this study. Although the
NYCCAS data (summer 2009) were collected outside of the timeframe of this study, 1997-2006, they
probably would still be relevant as patterns of transportation and land-use, and thus emissions, have not
changed greatly in the last few years.

> The STEW-MAP project surveyed citizens who serve as environmental stewards of their local area by
conserving, managing, monitoring, advocating for, and educating the public about their local environments
including water, land, air, waste, toxics, and energy issues. The project has built a unique database of more
than 5,000 stewardship groups in New York City, and has tried to map the way residents act as
environmental stewards (USFS, personal communication, May 12, 2008).

® This statement, surprising for an official government website which normally does not pass judgment on
even the most egregious urban renewal projects, was present on the Community District’s website on
February 19, 2010, but not as of March 17, 2010.

7 Standard error for proportions used for calculation of 95% confidence intervals.
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Chapter Seven
Some Planning Recommendations
Disclaimer: This research was supported under a cooperative agreement from the Centers
for Disease Control and Prevention (CDC) through the Association of Schools of Public
Health (ASPH) Grant Number CD300430. The contents of this chapter are solely the

responsibility of the author and do not necessarily represent the official views of CDC or
ASPH, or any government agency.

"Democracy is the worst form of government, except for all those others."
- Winston Churchill, 1947

The ecologic research discussed earlier suggests that redistributive measures
aimed at (1) reducing poverty rates and increasing income levels in economically
deprived neighborhoods; and (2) repair and maintenance of residential housing stock,
with attention to adapting residences of low-income seniors for hotter weather, may
reduce the health impacts of heat events and the disparate effects on low-income
neighborhoods in New York City.

This chapter describes existing strategies for coping with the current problem of
heat-related health effects in New York City and for reducing future impacts. It starts by
briefly describing NYC’s programs for addressing excessive heat events, through
emergency planning and preventive programs adopted by the New York City Department
of Health and Mental Hygiene (DOHMH) and the New York City Office of Emergency
Management (OEM). It then provides an overview of the current planning practices for
climate adaptation in New York City, and makes suggestions for incorporating public

health concerns and community-based approaches within the urban climate planning



178

process. Returning to the equity norms of the sustainable development and
environmental justice movements discussed in Chapter 2, the theoretical and practical
case for greater inclusion and a community-based approach in New York City’s

environmental planning are discussed.

New York City’s programs for excessive heat events

NYC efforts to reduce the risk of heat-related injury and death include two main
approaches: (1) preventive measures such as public and health care provider education
and outreach and provision of free air conditioners, as well as (2) emergency response
measures during extreme heat events, such as public cooling centers and enhanced
outreach to vulnerable populations. A third approach, the deployment of large-scale
urban heat island mitigation techniques (i.e., cool roofs) targeted to vulnerable
populations is currently being planned by the Mayor’s Office of Sustainability and Long-

Term Planning and the NYC Buildings Department, and is discussed later in this chapter.

* Emergency planning: Cooling centers and media outreach

In New York City, excessively hot and humid weather is considered an
emergency, given the potential for increased morbidity and mortality. The National
Weather Service provides 24- to 48-hour forecasts of the maximum heat index. The
NYC Office of Emergency Management (OEM) activates the citywide heat emergency
plan and declares a Heat Advisory when the 24-48 hour forecast predicts a Heat Index of
equal to or above 95°F for two days or more, or equal to or above 100°F for one day

(DOHMH, Preventing Heat Illness for the General Public website, 2010).
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An Excessive Heat Watch is triggered by a forecast of at least 105°F for over 3
hours per day for 2 consecutive days, or a forecast of at least 115°F for any period of time
within 24-28 hours; an Excessive Heat Warning is issued for the same criteria as the Heat
Watch, but for an onset within 24 hours.

The issuance of any of these public alerts triggers a number of actions, including
the opening of public cooling centers--air conditioned spaces--in community centers,
senior centers, and libraries. Information on the location of these centers is provided via
the 311 phone line and the OEM website. The public is invited to visit during their open
hours. In past heat waves, opening hours of city pools have been extended and fees
dropped for visits to state park beaches. Other actions include daily conference calls of
the interagency Heat Emergency Steering Committee to assess the impact of the hot
weather on health and infrastructure and to coordinate the response to the heat emergency,
and activation of public information strategies, such as informing broadcast media

through press releases (NYCOEM, NYC Hazards: Heat Emergencies website, 2010).

* Surveillance and Research

The DOHMH established a syndromic surveillance system that monitors
emergency department (ED) visits and Emergency Medical Service (EMS) calls to detect
disease outbreaks early (Heffernan et al., 2004). During a Heat Emergency, DOHMH
analyzes data from the ED and EMS syndromic systems to detect increases or spatial
aberrations in heat-related illness.

Data on heat-stroke deaths are provided to the DOHMH by the Office of the Chief

Medical Examiner. The temporal analyses for heat-related ED visits and EMS calls
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provide information on whether the observed number of ED visits or EMS calls on a hot
day is unusual (K. Metzger, personal communication, May 1, 2009; Rosenthal et al.,
2009). Spatial analysis of the heat-related EMS calls may provide supplementary
information as to whether a specific geographic area is unusually impacted by the heat.
While the syndromic heat analysis runs each day during the warm season (May —
September) to ensure the system is functioning properly, the results are only useful in the
context of an ongoing heat wave (K. Metzger, personal communication, May 1, 2009).

In addition to syndromic surveillance research, the DOHMH’s Bureau of Environmental
Surveillance & Policy (BESP) maintains an active research program on climate and
health in New York City, advising and working with city agencies and staff on an on-
going basis on health promotion and disease prevention in regard to climate-health effects.
For example, the DOHMH recently advised the NYC Buildings Department and Mayor’s
Office of Long Term Planning and Sustainability on how to make its new Cool Roofs
program most health-relevant (discussed below). DOHMH climate and health research
included the ecological analysis of intra-urban risk factors reported in Chapter 4 of this

. . 1
dissertation.

* Adaptive strategies to prevent heat-related mortality among vulnerable
populations

DOHMH maintains ongoing efforts to prevent the heat-associated morbidity and
mortality that can occur on days with heat indices below the heat alert threshold. The
agency notes that its strategies are focused on priority areas based on “health status,
poverty, and other indicators or risk from the 2000 Census and 2007 Community Health

Survey data” (Graber et al., 2009).
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Outreach to the media and health care providers about heat-health effects and
their prevention is a key approach. Educational materials are distributed to health care
providers and to faith leaders, and presentations made around the city to community
organizations. The DOHMH notes over 65,000 materials, including cards on heat-health
effects translated into 5 languages, during 2008-2009; health care providers already on
citywide contact lists were contacted pre-warm season and pre-extreme heat events
(EHE). During 2008-2009, the DOHMH reports that the Public Health Detailing
Program provided outreach on heat-health effects to over 230 health care providers at
their offices; over 1,000 letters were sent to faith leaders and presentations reached
representatives of over 100 community organizations (Graber et al., 2009).

A core component of the City’s efforts to avoid heat injury and mortality is the
distribution of free air conditioners (AC) to low-income at-risk senior citizens. The NYC
Cooling Assistance Program (CAP) is supported through the federal Home Energy
Assistance Program. The AC distribution started in the summer of 2008 following an
earlier pilot program. Eligibility criteria include documented pre-existing medical or
mental health conditions, lack of a functioning air conditioner in the home, and an
income threshold. During 2008 and 2009, over 5,000 AC’s were distributed and
installed; however, the agency notes, that they do not have the funding to offset increased
utility bills (Graber et al., 2009). Higher electricity costs may inhibit the use of AC’s by
some of the low-income seniors that receive them. Another issue is that use of air
conditioning increases electrical demand during the time of highest peak demand, on hot
summer days, representing a conflict, however unavoidable and necessary, between the

goals of climate adaptation and carbon mitigaltion.2
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New York City’s Climate Change Adaptation Task Force

There is an active planning process in NYC for both short-term and long-range
adaptation to climate change and variability. In August 2008, Mayor Bloomberg
announced the formation of the Climate Change Adaptation Task Force (ATF) and the
NYC Panel on Climate Change (NYCPCC). The work of the City’s Adaptation Task
Force is strictly focused on planning adaptation strategies for the city’s critical
infrastructure — including roads, bridges, tunnels, water and sewage systems, electrical,
gas and steam production and distribution systems, telecommunication networks,
subways and other mass-transit networks and nodes — while explicitly excluding health-
related issues, and residential and commercial buildings, which City officials note are
addressed by other initiatives (Freed, 2008; Freed, 2009). The work of the ATF and
NYCPCC are supported by a grant from and collaboration with the Rockefeller
Foundation’s Climate Change Resilience program (Freed, 2009).

The Climate Change ATF’s mission was defined as identifying critical
infrastructure, excluding public health, and residential and commercial buildings, that
could be at-risk from the effects of climate change and to develop coordinated adaptation
strategies to secure those assets with a risk-assessment based, “science-based approach”
(Freed, 2008; Freed, 2009). Members include city, state and federal agencies, and private
sector stakeholders; Adam Freed, the ATF’s Chair, noted at a December 2, 2009 meeting
of ATF stakeholders and participants at the New York Academy of Sciences (NYAS)
that the largest proportion of the ATF stakeholders are private sector companies; 17 of
the 40 ATF partners are business members. The remaining stakeholders are city, state

and federal government representatives (See Figure 1, Adaptation Task Force Structure
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and Process; NYAS, 2009). Private sector stakeholders are primarily energy companies
(e.g. Con Edison, Astoria Energy LLC, CSX, NRG Energy, National Grid, Suez Energy
NA, USPowerGen, TransCanada, etc.) and communication companies (e.g. Cablevision,
Sprint Nextel, T-Mobile, Verizon, AT&T); Mr. Freed noted the participation of insurance

companies as well (Freed, 2009b).

Figure 7.1: New York City’s climate planning process, including NYC Adaptation Task
Force (Stakeholder Task Force) and the Expert Panel (Panel on Climate Change):

High-Level
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Image from: New York Academy of Sciences (NYAS), E-briefing website, 2010

ATEF stakeholders have worked since 2008 to create an inventory of at-risk
infrastructure and develop strategies to protect those from current or future climate

impacts, especially rising sea levels and extreme precipitation or heat events (Freed,
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2009; Freed, 2009b). Working Groups help the ATF stakeholders coordinate with each
other on strategies to develop new design guidelines for critical infrastructure and
identify citywide concerns for further study; the entire planning process is guided by a set
of uniform climate change projections for NYC (Freed, 2009; Freed, 2009b).
Stakeholders work with each other to create cross-sector stakeholder strategies; the
ATF’s first report on its work is expected to be released in May 2010.

In December 2009, the New York Academy of Sciences held a closed-door
meeting for stakeholders on the work of the Adaptation Task Force; they and the expert
Panel on Climate Change previewed their report, Climate Change Adaptation in New
York City: Building a Risk Management Response, to be published in April 2010 as a
volume of the Annals of the NYAS. A public discussion on cities and climate change
was held that night at NYAS with speakers from Columbia University (Jeffrey Sachs,
Earth Institute), the Mayor’s Office (Rohit Aggarwalla, Director of the Mayor’s Office of
Sustainability and Long Term Planning), and the ATF Task Force and NPCC Co-Chairs
(Cynthia Rosenzweig, Scientist at NASA-GISS and William Solecki, Professor at Hunter
College), and the Rockefeller Foundation (Christina Rumbaitis del Rio, Associate
Director). Although public health concerns are not part of the formal ATF planning
process, the DOHMH was included as a stakeholder in the ATF meetings and at the
NYAS event.’

A participant at the NYAS event asked why health and heat-related health effects
were excluded from the ATF’s adaptation planning, given that these impacts were the
greatest risk to New Yorkers currently and expected to increase in the future due to

climate change.” The response from the ATF was that planning for the public health
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sector is being addressed in New York State’s (NYS) current climate adaptation planning
effort. ClimAid, NYS’s adaptation planning process, is analyzing vulnerability to climate
change and the development of adaptation policies in six sectors — energy, public health,

transportation/communication, water resources, coastal zones, and agriculture/ecosystems

—and is expected to issue a report on its work later in 2010.

PlaNYC and other climate adaptive initiatives:

The City’s long-term sustainability plan, PlaNYC, was launched in 2007 to
achieve an ambitious list of 10 major goals to prepare the City for an additional million
residents and achieve environmental progress by 2030 (NYC, 2007). These goals,
incorporated into a list of 127 specific objectives, include creation of housing, park
accessibility, cleaning up of brownfield sites, opening waterways to the public, adding
transit capacity and improving travel times, upgrading energy infrastructure, improving
air quality, and for climate change mitigation, reducing carbon emissions by 30% (NYC,
2007).

PIaNY C announced three major climate adaptation initiatives in its 2007 master
plan: (1) to create an intergovernmental Task Force to protect vital infrastructure; (2) to
work with vulnerable neighborhoods to develop site-specific strategies; (3) and to launch
a citywide strategic planning process for climate change adaptation. The August 2008
launch and subsequent work of the Adaptation Task Force addresses the first of these
PlaNYC’s climate change goals. A recent National Research Council report (2009)
reported that “the goal of the citywide strategic planning process is to update the Federal

Emergency Management Administration 100-year floodplain maps” (p.177).
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I asked Adam Freed of the Mayor’s Office of Long Term Planning and
Sustainability and the ATF’s Chair about the progress the City had made in addressing its
goal of working with vulnerable neighborhoods on developing site-specific strategies
(Freed, 2009). Mr. Freed said that the City has five pilot programs to begin the
community planning process, largely in environmental justice neighborhoods: Sunset
Park, Brooklyn; West Harlem, Manhattan; Hunts Point, the Bronx; the north shore of
Staten Island; and Broad Channel in Queens.

Freed reported that the ATF has an ongoing engagement with the community in
Sunset Park through UPROSE, an environmental justice (EJ) organization, and in West
Harlem with WEACT, an EJ organization. These groups were selected based on their
assessment of where flooding would occur and where there was an active community
organization who was a credible partner. Freed reported that the stakeholder engagement
process has not been performed for all neighborhoods yet, and that the upcoming ATF
report that will be released this year (expected May 2010) would present a planning
process to address climate change impacts and lay out an 8-step process as an adaptation
assessment guidebook, with specific examples of what the task force had accomplished
(Freed, 2009).

The ATF’s focus within community-based engagement is on building resilience,
rather than discussing climate adaptation and climate change impacts per se (Freed, 2009).
For adaptation purposes, this focus on resilience was a necessary paradigm shift from
discussing climate change in their pilot community planning projects. Because NYC
neighborhoods are burdened today with health disparities and health problems such as

high asthma rates, these tend to be resident’s central concerns — rather than longer-term
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concerns about rising sea levels and changes in the electrical grid that might manifest in
years ahead. That is, the health impacts and environmental stressors experienced today
tend to be the highest priority for local residents, and therefore climate resilience is a
better frame for neighborhood engagement than climate change, however relevant
adapting infrastructure to a changing climate are for community and population health.

NYC’s 2008 progress report on PlaNYC also reports that the city is “developing
and undertaking a neighborhood-based education effort in 40 communities around the
city most vulnerable to climate change impacts” (NYC, 2010). Workshops in Sunset
Park, Brooklyn, and Broad Channel, Queens piloted the approach, with a focus on
potential flooding issues (NRC, 2009). The City’s progress report notes that the work
with UPROSE in Sunset Park will develop and release a community planning toolkit and
create a climate change adaptation plan by December 2009 (NYC, 2010), and the NRC
report (2009) notes that feedback from the work in Sunset Park and Broad Channel will
“inform a larger program of engagement” with the 40 communities in NYC selected as
most vulnerable to the impacts of climate change (NRC, 2009, p.177).

NYC has also organized other PlaNYC initiatives that can assist with climate
adaptation in the city. These include:

* MillionTrees NYC: The City’s goal to plant one million additional trees in the
five boroughs has already accomplished over 300,000 plantings as of March 2010,
including the planting of new street trees and trees on public land. Trees are being
planted in response to requests by NYC residents and in low-income areas that were
previously identified as “trees for public health neighborhoods.” According to Jackie Lu,

of NYC Parks & Recreation, “trees for public health neighborhoods” are areas picked for
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low canopy cover, with high rates of public health problems, mainly based on asthma
(personal communication, March 19, 2010). The NYC Parks Department has worked
with several communities to produce locally-based Urban Forest Management Plans,
including Far Rockaway, East New York, Morrisania, East Harlem, Stapleton, Fort
Greene, and others, available on the NYC Parks Department website
(http://www.nycgovparks.org/sub_your_park/trees_greenstreets.html).’

* A new Cool Roof Program initiative will be announced in April 2010; the
City’s goal is to coat one million square feet of rooftops each year, between April and
October (D. Grillo, personal communication, March 8, 2010). Cool roofs are reflective,
highly emissive rooftop coatings that can reduce heating of the building fabric, reduce
indoor temperatures, and decrease the urban heat island effect if used on a large scale
(Rosenthal et al., 2008). The City’s program started last year with a pilot project in Long
Island City that transformed 100,000 square feet of roof on a city-owned building, and
the full program will begin in spring 2010 with a focus on city-owned buildings and Long
Island City (LIC) (D. Grillo, personal communication, March 8 and March 15, 2010).°
NYC is partnering with the Community Environmental Center (CEC), a non-profit
organization based in LIC to implement the program and plan its long-term objectives.
CEC will assist NYC with the neighborhood by neighborhood strategy for future years,
as the Cool Roofs program is expected to continue each warm season. The NYC
Building Code was revised in 2008 to require cool roofs on new structures and during
roof renovations.

The research conducted for this dissertation advised Buildings Department staff

this spring on where to prioritize the new Cool Roofs program to potentially best benefit
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vulnerable populations; i.e., coating the roofs of low-rise residential buildings of low-
income seniors in hotter, low-income areas where there is less prevalence of home air
conditioning use may facilitate the best health benefits from the programs. According to
the Danielle Grillo from the NYC Buildings Department and Laurie Kerr of the Mayor’s
Office of Long Term Planning and Sustainability, the Cool Roofs long-term planning is
being advised by their community partner CEC, and by a group of Columbia University
undergraduate students in a workshop course led by Stuart Gaffin, a climatologist
working with NASA-GISS.’

Other PlaNYC initiatives to increase the use of vegetation and reduce impervious
cover have been deployed mainly for better stormwater drainage and for neighborhood

access to green spaces, and are also potentially useful for cooling inner-city places.

Discussion and recommendations
NYC’s planning to reduce heat exposures and heat-related death and injury may

benefit from considering two closely connected suggestions:

(1) Incorporate public health concerns into the stakeholder work and goal-setting of
the New York City Climate Adaptation Task Force; and

2) Initiate and support community-based adaptation planning for health using a more
inclusive and proactive approach to stakeholder involvement in adaptation

planning.
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Public health objectives into climate adaptation planning in New York City

Climate adaptation planning in New York City is focused on critical infrastructure.
It explicitly excludes consideration of heat-health effects and health planning, while in
terms of human disease and mortality, heat is the greatest current risk to New Yorkers
and health impacts are occurring now. Although DOHMH has an active educational
program for health care providers and community groups on recognizing the hazards of
excess heat and an air conditioner distribution program, its resources are limited, and
heat-associated morbidity and mortality remains a problem. This section discusses the
possible merits of including the public health sector within NYC’s climate adaptation
planning process.

The ATF has a clear and essential mission to plan for critical infrastructure and its
adaptability to climate change and variability to protect the daily functioning of the city.
The continued operation of all forms of infrastructure — communications, mass transit,
bridges and tunnels, sewage treatment plants and electrical facilities, etc. — is vital to
public health, and the failure of infrastructure during extreme climate events or faulty
functioning on any basis is a potential hazard and expense to all New Yorkers. A flooded
sewage treatment plant or subway station or an overloaded electrical transmission system
is disruptive, polluting and potentially hazardous. The ATF has already accomplished
much with its mandate, including, as presented at the Tokyo C40 conference in October
2008: identified impacts on critical infrastructure and compiled initial inventories and
needs for the coming decades; “identified rules, regulations and codes governing
infrastructure that may need amending; specified protection levels against key climate

impacts in development to inform design guidelines and regulatory frameworks; and
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created a five-step prioritization process to help stakeholders identify highest risk impacts
and prioritize adaptation strategies (Freed, 2009).” Expert professional knowledge is the
core knowledge basis that informs many regulatory areas with which the ATF deals; e.g.,
design standards for waterfront construction; long-term capital expenditures and
operational issues, and sensitivity analysis for infrastructure operational thresholds. In
some of these areas, a top-down approach may be the only expedient or feasible way that
the City is able to plan.

However, a risk-based planning process that addresses social issues, such as
priorities for public investment and the costs and benefits of adapting to climate risks,
would be improved by including health objectives and community planners as part of
adaptation planning and work group discussions. There are three main reasons why the
exclusion of public health concerns in the formal NYC adaptation planning process is a
missed opportunity:

** The first is the opportunity for cross-sector collaboration. The Task Force
states that the particular strengths of its stakeholder process is the opportunity for cross-
sector informing, sharing of ideas, collaboration and identification of opportunities for
joint action, and coordination and sharing of best practices. Planning for public health
objectives might also benefit from these particular strengths. Sharing knowledge
between stakeholders in these domains, including health, can lead to better and more
thoroughly informed outcomes.

For example, the DOHMH notes that one of its adaptive strategies, the AC
distribution program, is limited by lack of funding resources to offset the cost of

increased use of AC by low-income seniors (Graber, 2009). Research by the Community
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Health Survey has established that senior citizens concerned over the increased costs
associated with higher electrical bills may not use their home air conditioning, even if
they have the equipment. This leaves these seniors unprotected from extreme heat and
obviates the benefit of AC installation. It is easy to imagine a situation where, if this
agency-specific knowledge was shared with stakeholders from Con Edison or other
agencies involved in the ATF, innovative solutions might emerge and be considered to
alleviate the problem. Similarly, given the presence of major communication companies
on the ATF, there might be creative ideas on public health messaging both at the start of
the warm season and during extreme heat events that could emerge from cross-sector
discussions, to the benefit of the city’s health.

Without the issue of climate-health effects on the table as a consideration however,
creative gains from sharing information and resources between stakeholder partners will
not materialize to help solve the challenges of current health problems.8

** The second missed opportunity is the use of local knowledge. The inclusion of
citizens and local residents into a climate adaptation process focused on the infrastructure
located in neighborhoods across New York City could provide useful insights into issues
of concern and raise acceptance of planned initiatives (Ebi & Semenza, 2008). Citizens
cannot do the work of engineers, nor would anyone expect community-based planning,
for example, to handle engineering questions. However, local residents may have special
specific knowledge of relevant place-based features and patterns of infrastructure use; for
example, of electricity use in their area that could provide information relevant to local
peak demand load pockets. A neighborhood-based approach that encouraged the sharing

of local with expert knowledge could be useful to the adaptation planning process by
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providing a forum to integrate local with professional knowledge in adaptive initiatives.
There are limitations to the use of local knowledge in this regard; it is heterogeneous,
usually non-generalizable and non-systematic, and non-quantifiable, therefore it can be
difficult to incorporate into formal decision-making processes (Corburn, 2005). However,
as Corburn discusses in Street Science, residents have unique place-based knowledge of
their specific circumstance, events and relationships, and the meaning of those things in
their lives. In regards to environmental exposures like heat, these local factors and daily
lived experience are what structure and mediate patterns of exposures. As such,
adaptation planning in NYC should strive for the creation of “usable knowledge,” as the
exclusive use of expert professional knowledge to characterize climate adaptation
priorities and investments tends to miss relevant climate-health risks to New Yorkers
(Corburn, 2005, p.39).

The work of maintaining and protecting critical infrastructure has proven highly
relevant to the health of neighborhood residents in the past, and there are examples where
the input of local knowledge improved the maintenance and care of infrastructure in New
York City. For example, when the maintenance of NYC’s Williamsburg Bridge included
repainting in 1995, a local citizens’ organization, the Greenpoint/ Williamsburg
Watchperson Project found that significant amounts of lead-based paint chips fell onto
neighborhood streets and residential properties located near the Bridge during repainting.

Prior to the Watchperson Project’s involvement, the engineers hired by New York
City removed existing paint and repainted the bridge using methods approved by the City.
However, these methods did not include sufficient netting to ensure the complete

containment of lead-based paint chips from reaching the neighborhood. The
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Watchperson Project’s Director, Deborah Masters, along with other community members
contacted City officials and insisted that the City conduct the bridge paint removal in a
manner more protective of public health, that did not entail the distribution of lead-paint
chips through areas under and adjacent to the bridge. In the end, the persistence of the
community-based environmental group changed the way that this critical infrastructure
was maintained.” Despite the primacy of expert professional knowledge in infrastructure
maintenance, there are other instances where the residents and community organizations
adjacent to facilities have important knowledge bases and contributions regarding their
operation and maintenance and its effect on the community. For example, a major New
York EJ group, WEACT, was initially organized in response to operating deficiencies
and environmental impacts of a local sewage treatment plant; addressing their concerns
has contributed significantly to the facility’s improvement.

** Finally, greater legitimacy would accrue to a risk-based process that includes
consideration of the greatest risk that is posed by climate and extreme heat events. In
public and private discussions with ATF members, all agree that heat-related health
effects pose a significant risk to New Yorkers today due to current climate and projected
changes in climate. Per Iris Marion Young, “The normative legitimacy of a democratic
decision depends on the degree to which those affected by it have had the opportunity to
influence the outcomes” (Young, 2002). A risk-based process informed by the
neighborhood-and citizens’ group perspective may well address the core health
challenges of climate change most effectively.

Presumably for these reasons, public health has been included as a sector in many

of the climate adaptation plans published by regional and local governments to date,
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including the 2009 California Climate Adaptation Strategy and the City of London’s

Climate Change Adaptation Strategy (2007 report and 2010 update)

Arguments for greater inclusion in the climate planning process

Opening up the formal planning process to social actors from the non-profit sector,
community NGO’s and citizen’s groups could improve adaptation planning in NYC by
increasing the knowledge, acceptance, and ease of implementation of planned initiatives
such as Cool Roofs Program, and help to address the equity dimensions of planning
outcomes (Ebi & Semenza, 2008). This may be accomplished by a community-based
adaptation planning process for the health sector that is integrated into current DOHMH
institutional resources and efforts to reduce health disparities, and/or by incorporating
health planning into the existing adaptation task force and stakeholder process.lo This
section discusses these points and elaborates on why inclusiveness is important for
climate and environmental health planning.

Per the discussion in Chapter 2 regarding sustainable development and
environmental justice, if our goals are for greater social justice in a diverse multi-ethnic
and multi-cultural city, and to support procedural and distributive equity in decision-
making, then planning for climate adaptation will benefit from a more inclusive approach
that permits community stakeholders, interested New Yorkers and citizens’ groups to join
the discussions and planning process that thus far is largely limited to government
representatives, private sector companies and academic scientists. Beyond simply

allowing local stakeholders to join meetings, a community-based effort should actively
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reach out to and invite residents to discuss these issues and participate in environmental
planning.

Many of the populations that are disproportionately vulnerable to heat-health
effects include groups that are often marginalized in policy-making processes; including
low-income and communities of color, people with pre-existing health conditions and
disabilities (Ebi, 2009). Efforts to engage these stakeholder groups in the planning
process and in outreach on environmental health can help to ensure that the appropriate
information on these hazards reach the most vulnerable groups in a manner in which it
can be used, increasing the effectiveness of adaptive planning while building social
capital (Ebi, 2009; Ebi & Semenza, 2008). Per Kris Ebi, epidemiologist and leading
climate-health scientist, “Public health interventions designed and deployed in
conjunction with these groups and other relevant stakeholders increases individual and
community acceptance of, and the success of, the intervention, along with reducing
constraints to implementation. Community based adaptations that address the societal,
cultural, environmental, political and economic contexts that increase vulnerability
enhance community resilience to climate change as well as other stressors, providing
multiple benefits” (Ebi, 2009, p. 191)

A bottom-up approach that does not originate in government but is supported by it
may ultimately prove best for community-based adaptation planning for health; for
example, as an extension of the current grassroots organizing for Climate Justice, led by
Harlem-based WE ACT for Environmental Justice (WEACT) and the members of the
Environmental Justice Leadership Forum on Climate Change. The Climate Justice Policy

Recommendations produced by the EJ Leadership Forum in 2009 focus on public health
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as a central component of climate mitigation and adaptation, and call for public “funding
for training and placement for health professionals in low-income communities of color”
(WEACT, 2009, p.8). Given the striking findings in this research on the high correlation
between the surface urban heat island effect and area-based income- and poverty-levels
(at the census tract, Community District, and UHF-area scale) the ‘“Principles of Climate
Justice” articulated by the EJ Leadership Forum are especially apt; they call for ensuring
that “People-of-color, Indigenous Peoples and low-income communities, who are and
continue to be disproportionately impacted by climate change, have the inalienable right
to have our voices shape what is the most significant policy debate of the 21* Century”
(WEACT, 2009, p.9). The California adaptation plan presents similar principles;
according to Tony Brunello, California’s Deputy Secretary for Energy and Climate
Change, their key recommendations include developing tools and offering guidance for
local communities to improve public health as part of local adaptation planning, making
research and monitoring more accessible, and identifying the most vulnerable
communities to develop climate hazard mitigation plans (T. Brunello, personal
communication, Oct. 14, 2009).11 Brunello noted in an October 2009 discussion that
California’s environmental justice organizations are directly involved in the state’s
adaptation planning process “and making sure that neighborhoods that have high impacts
are part of the solution” (T. Brunello, personal communication, Oct. 14, 2009).

To encourage the locally-based approach, climate-health scientists Kris Ebi and
Jan Semenza (European Centre for Disease Prevention and Control) proposed (2008) an
eight-stage planning framework for community-based adaptation to climate change.

Their typology begins with community outreach to invite participation from major
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stakeholders, assess concerns, and determine the broad outlines and objectives of the
planning process (Figure 2 below). Identification and mapping of community assets that
may enhance resilience, and vulnerable populations, is a key pre-condition to a broader
stakeholder involvement and prioritization of possible interventions based on criteria
selected by the stakeholders (Ebi & Semenza, 2008, p.504). After creating plans for
implementation and associated mobilization of resources, the implementation of selected
activities occurs. As adaptive planning is always an iterative process, the process
concludes with monitoring and evaluation processes, with feedback from community
members engaged in the process. As such, this process aims to develop social capital
through discussion within communities, and may help to address some of the
vulnerabilities suggested by the ecological research presented in Chapter 4 — the
inadequate access to resources and assets (economic, institutional, biophysical and social)
that underlies population vulnerability to climate-health impacts.

Figure 7.2:  Framework for community-based adaptation planning
(Ebi & Semenza, 2008

CUMATE JUSTICE AND COMMUNITY-BASED ADAPTATION

Community

Cutreach
Evaluati Situsation
waluation Analysia
Ci ity-
Intervention QFBH::EIIEW Assat
Implemeantation Ad fion Mapping
Resource Stakeholdar
Mobilization Invohemant
Imtervention

Prioritization




199

Theoretical considerations:

the practice and function of inclusion in public planning

Environmental planning has a long history in the United States of technocratic
planning, and the community-based planning suggested here attempts to redress these
embedded imbalances. Similar to the rest of the United States, environmental planning in
NYC has often resulted in exclusionary practices, due in part by the effect of legal
requirements for environmental review on public participation. Given the type of
scientific analysis required for assessment of harm to human health under the Clean Air
Act, under water quality standards required in the Safe Drinking Water Act, and in
general, the type of analysis required under state law, an expert-driven technical process
and planning practice dominated by lawyers and scientists was created, that in practice
often devalued local knowledge and discouraged citizen input into decision-making
processes, creating a ‘science vs. democracy’ dilemma (Corburn, 2005; Fischer, 1991;
Tesh, 2000). Often, the privileged status of positivist technical analysis in environmental
decision-making has placed formal planners in opposition to citizens’ organizations; and
frequently much of the public has been left out of the decision-making process as well by
this bias (Commoner, 1990; Fischer, 1991, Shutkin, 2000).

In particular, the risk assessment methodology is a technical analysis that
incorporates several subjective decisions. It is used to guide many planning decisions,
and has been adopted as the basis for climate planning in NYC (Fischer, 1991; Corburn,
2005, NPCC, 2009). The assumptions and normative judgments underlying risk
assessment have often been downplayed by the state under the guise of technical

impartiality to promote planning decisions (Fischer, 1991; Corburn, 2005). Similar to the
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regressive impacts of zoning, the result of technocratic regulation has been increased
concentrations of noxious uses in minority neighborhoods that have been historically less
able to resist these facilities (Maantay, 2001; Northridge et al., 2003). Minority
communities are often poor, marginalized in the public decision-making process and in
public deliberations through conventions of discourse (Young, 2002), and often less able
to join in or access the expert analysis required to provide input into regulatory processes
based on professional science (Young, 2002; Corburn, 2005). In this way, existing
patterns of privilege and exclusion can be reinforced through environmental regulation

and planning.

Social justice in the city: A view from planning theory

While neoliberal globalization during the past two decades has led to a
subordination of social policies by the state, it has also fostered an ‘enlarged sphere’ of
local political action and a more central role for negotiation and collaboration at the local
level amongst all political actors, public and private (Meyer, 1994). In this context of
greater mobilization of urban citizens groups and local agencies, participatory planning
initiatives are central to entrepreneurial collaborations and social movements variously
seeking to sponsor initiatives or resist inequitable policies (Sandercock, 2003).

Efforts by planners to assert an ethical framework for urban justice have focused
on the deliberative democratic model, which emphasizes increased participation in public
decision-making by diverse social actors, including frequently marginalized low-income
and communities of color. In the context of social and economic divisions within cities,

social justice may be best served when a mobilized public realm engages in an expanded
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deliberative democracy, and relatively powerless groups participate fully in decision-
making. Partnerships by the entrepreneurial state with private capital may not always
support substantive justice goals for urban populations; Fainstein (2000) notes that
although the emerging vision of urban social justice involves economic growth and
“material well-being...it relies on a more pluralistic, cooperative and decentralized form
of welfare provision than the state-centered model of the bureaucratic welfare state”
(Fainstein, 2000, p.473). Given the contextual nature of relationships of power, some
planners emphasize more of a procedural than substantive practice, as the locally
constituted practices of resisting injustice serve as the basis for building capacity for

collective action.

Social difference is a political resource: The deliberative model

Democracy today is fraught with problems — unequal access to resources,
increasing income inequity and domination of decision-making processes by powerful
economic interests, and a mismatch between the scope of the polity and the geographic
and demographic scale of impacts of policy decisions (whether taken by state or
economic actors) due to political disconnects and discontinuity between local, regional,
national, and global scales of governance. Iris Marion Young is a planning theorist and
philosopher who described how inclusion of differently situated social actors can
positively affect public deliberations. Asking how can democracies in diverse societies
can be inclusive and seek to promote just outcomes in decision-making, she described the

communicative norms implicit in this goal.
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One of the major tasks of Young’s writing in Inclusion and Democracy (2002)
was to theorize on the functioning and processes of deliberative democracy as the
“democratic process is the best means for changing conditions of injustice and promoting
justice” through its characteristics as the best form of governance. Communicative
democracy’s transformational effect on the quality and content of public discourses is
mediated through social difference as a political resource, through the recognition of
society’s full range of social groups and their contributions to public discourse.

Beyond the normative requirement for reasonableness in communicative
processes, the other pre-conditions required for just decisions in deliberative democratic
decision-making are inclusion, equality, and publicity. These connected ideals form the
basis for the public discussions, communicative dialectic and the public sphere inherent
to the deliberative model. Structural differentiations produce ideas, perspectives and
communications that can provide new sources of social knowledge for participants in
deliberative democracies, which leads to decision-making based on more objective
claims to social justice. This is a creative outcome of the transformational qualities of
communication based on inclusion of structured differentiation, as:

A democratic public ought to be fully inclusive of all social groups because the

plurality of perspectives they offer to the public helps — to disclose the reality and

objectivity of the world in which they dwell together...a key feature of the
normative ideal of communicative democracy is that it facilitates the
transformation of the desires and opinions of citizens from an initial partial
narrow or self-regarding understanding of issues and problems to a more
comprehensive understanding that takes the needs and interests of others more

thoroughly into account (p.112)."

It is, ultimately, a vision of democratic political processes as a continuously

agonistic “engaged struggle,” where there is the possibility of distinguishing normatively
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legitimate outcomes through the creation of deliberative objectivity and mutual
understanding by diverse social agents (Young, 2002, p.50-51). Social justice is defined
as “the institutional conditions for promoting self-development and self-determination of
a society's members” (Young, 2002, p.33), and open communicative processes provide
the foundation for the theoretical connection between inclusiveness of multiple voices
and just outcomes in democratic policy-making and for the practical ability to construct a
common goal and common good in multicultural societies. The structural differentiation
of different individuals and groups in society incorporates embedded knowledge that can
inform the orientation of participants in deliberative processes.

This increased social knowledge facilitates the creation of objectivity in
deliberative political processes, which requires the multiple subjective perspectives and
experiences of individuals, “Objectivity is an achievement of democratic communication
that includes all differentiated social positions...Without such inclusive discussion,
privileged social positions are able to make judgments and take actions that suit
themselves and rationalizations for them that go unchallenged” (Young, 2002, p.114-115).
Of key importance is the transformation of dialogue, from self-interest to appeals to
justice, due to need to be accountable to others. More than just a greater sensitivity and
recognition to the needs of others results from inclusion of all social groups — it changes
the arguments of others and the exchanges and policies that result.

Thus, inclusiveness becomes even more essential in a globalizing world. Because
there is no singular essential institution or set of institutions that can be identified as the
ultimate representation of the democratic process the decentralized approach “gives more

prominence to processes of discussion and citizen involvement in the associations of civil
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society than do most theories of deliberation” (p.46), as the work and communication of

democracy flows between non-state and state institutions.

Conclusion for adaptation planning

In 2008, New York City’s municipal government began an ambitious long-range
climate adaptation planning effort for critical infrastructure. The stakeholder work has
started a process for the private sector and government agencies to work together with
climate scientists to sustain the city’s infrastructure, vital for the well-being of all New
Yorkers. NYC’s Department of Health and Mental Hygiene has organized a
comprehensive educational outreach effort to prevent heat-related health effects, provides
cooling services to thousands of at-risk New Yorkers, maintains an active syndromic
surveillance and research program on climate and health, and advises city agencies on
how best to promote health and reduce disparities.

However, neighborhood resilience planning and climate-heath impacts are not
fully addressed under this existing structure and by current programs. DOHMH’s
resources are limited. While ultimately it may prove impossible, no matter how many
resources are invested, to eliminate heat-related deaths in any city, a more comprehensive
neighborhood approach may best address current climate-health impacts and those in
coming years. The admirable and energetic efforts to “do for” NYC communities by the
NYC government might be enhanced by “doing with” local residents. Caught in between
emergency planning for extreme events and the infrastructure-focused climate adaptation
planning, long-term and community-based approaches for addressing today’s key

vulnerabilities for heat-related illness and death are just beginning to be planned.12
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There are compelling equity dimensions to climate-health effects in New York
City which may be best served by long-term neighborhood organizing efforts involving
outreach to residents, community organization and institutions, and additional citizen
stakeholders. Including additional EJ organizations in the climate adaptation planning
process may be a helpful start. A more inclusive community-based approach to climate
resilience planning and research may provide multiple benefits: increase community
acceptance and implementation of planning objectives; add to the knowledge base by
including local knowledge; provide experience for community residents and groups with
long-range planning; and increase the democratic legitimacy of the planning objectives.

There is no need to reinvent the wheel; both community groups and staff within
City agencies have significant experience in working on community-based plans. The
DOHMH has three District Public Health Offices (DPHOs), whose mission is to reduce
health inequalities in the South Bronx, North and Central Brooklyn, East and Central
Harlem. Given their experience with addressing neighborhood health problems with
active programs and educational outreach, which include home environmental
assessments, these offices would be a natural place to start with community-based
outreach on climate-health adaptation. Another good example is the neighborhood-based
community forestry initiatives planning process that is part of the MillionTrees effort,
which includes work with residents to envision specific changes in the built environment
and to outline the steps necessary to implement it.

Rather than creating new mechanisms for implementing community-based
climate adaptation, work with existing public health institutions and other organizations

can initiate and advance the type of neighborhood and citizens’ engagement that will be
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useful for improving climate-health outcomes now and in the future. This chapter
concludes with some examples of neighborhood-based projects that serve as good
examples of local organizing that tries to incorporate the economic, social and equity

components of sustainable development.

Community-based sustainability projects

Neighborhood groups have organized creative sustainability, carbon mitigation
and climate adaptation projects in recent years in New York City; some of these may
serve as a means of incorporating public health outreach and education in the broader
sustainability framework. This section briefly describes two such projects:

The Municipal Art Society of New York (MAS) is a non-profit organization that
educates and advocates on urban design and planning issues and has a substantial history
of supporting neighborhood-based planning efforts in the city through its Planning Center.
Following the release of PlaNYC, Eva Barron, with the MAS noted that a gap existed
between PlaNYC’s progressive sustainability goals and action at the local level, “Our
experience shows that planning can’t come strictly from the top, leaving communities
wondering what they will be expected to shoulder, and at what cost. Neighborhoods that
will eventually absorb the land-use implications of this initiative must have a stake in its
sustainable plans (Byles & Kazi, 2008, p.59)”.

As aresult, MAS’ Planning Center helped to organize outreach and locally-based
planning to produce a neighborhood sustainability and livability agenda in Flatbush,
Brooklyn. Flatbush 2030 sought to provide a forum for an inclusive community

discussion of the challenges facing Flatbush residents — including issues typical in diverse,
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rapidly growing inner-city neighborhoods, with air quality and heavy vehicular traffic,
gentrification and land of open space (Byles & Kazi, 2008, p. 58-59). Residents worked
in groups for several months to create a framework, vision, and measurable goals and
sustainability indicators for their neighborhood sustainability plan. Resources to enable
the participation of residents were provided, including food, child care, and translation
services, all of which may be useful for the city to provide in all neighborhood outreach
programs (Byles & Kazi, 2008).

The outcome of the Flatbush 2010 planning process was comprehensive and
described the residents concerns for prioritizing and reconciling economic development
with health, political empowerment, and ecological sustainability. According to MAS’
Eva Barron,

“While traditional indicators of sustainability such as air and water quality were
recognized, people prioritized housing, health, safety, and neighborhood diversity
as being equally important. Economic development, civic engagement, and
diversification of community leadership — not reflected in PlaNYC — were critical
to stakeholders. People were also interested in a broader discussion than the
PlaNYC process had allowed, citing, for example, the relationship between local
economic development and housing costs. There was broad consensus that
forward-looking infrastructural improvements should not displace the existing
population, but should enhance current residents’ health and well-being.
Achieving public health within a sustainability framework hinged on local
resources; using vacant lots for community gardens and recreation; ensuring
access to healthful, locally produced food; and universal access to quality
healthcare (p.59)”.

Another project in the Bronx devised physical interventions in the built
environment to counter the urban heat island effect and to reduce the impacts of
summertime heat on human health and energy consumption, while creating opportunities

for educational and job training projects. Sustainable South Bronx (SSBx) is a

community-based environmental justice organization, in Hunts Point, a community
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comprised of low-income Latinos and African-Americans. This neighborhood is heavily
burdened with noxious public and industrial uses, including a substantial portion of New
York City's waste transfer stations; a facility that transforms the City's sewage sludge into
pellets; a large sewage treatment plant; an estimated 15,000 diesel truck trips through
local streets each week; and limited access for residents to parks, waterfront or
recreational space. Representative of challenged and polluted urban neighborhoods
across the United States, community leaders have sought new approaches for sustainable
economic development in order to ensure the health and well-being of residents.
According to SSBx's founder, Majora Carter, the group was conceived to serve as a
dedicated mechanism that could address and implement policy and planning in such areas
as land use, energy, transportation, water, waste, and sustainable development in the
South Bronx, by working to implement the community's visions for sustainable
community development. Its programs are designed to provide tangible and pragmatic
projects to support "advocacy for policy decisions that advance the environmental, social
and economic rebirth of the South Bronx."

The South Bronx Smart Roof Demonstration Project (SDP) was organized as a
partnership between Sustainable South Bronx, Columbia University's Cool City Project,
and landscape architects Kathleen Bakewell (Hart Howerton) and Susanne Boyle (The
RBA group) to merge community activism, landscape architecture, and scientific and
policy research. The SDP's Banknote roof includes over 1,000 square feet of extensive
and intensive vegetated living roof, and a high albedo cool roof, which reflects over 80%
of incoming solar radiation, on a total of 2,500 square feet. The Demonstration Project,

opened to the public in 2005, is used extensively by local schools and students, who
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maintain the living roof and use it as a hands-on learning center. The ecological design

of the living roof includes a comparison, which is monitored by highs school students, of
two different plant communities: one comprised of widely available commercial varieties,
and one comprised of ecologically significant native species. Some of the living rooftop
substrate was left unplanted, so that students could monitor which plants and insects
establish a new presence on the roof.

The South Bronx Smart Roof Demonstration Project is offered as a prototype of
community-based sustainable development initiatives that use ecological infrastructure to
seek to provide multiple benefits in improved air and water quality, energy conservation,
and reduced urban heat island effect. Following the success and interest in this Smart
Roof Demonstration Project, SSBx was able to include cool roof and green roof design
and installation in its job training program, the Bronx Ecological Stewardship Training
(BEST), and created a program to design, install and maintain green roofs in NYC,
SmartRoofs, LLC. Per SSBx, “SmartRoofs, LLC is demonstrating the positive
connection between living wage jobs and a cleaner environment. Any green roof is a
good thing, but when it's installed and maintained by well-trained members of the local
community, it is a triumph!”"’

These neighborhood examples highlight several points that will be useful for the
City to explore in implementing an inclusive planning process that addresses climate and
health concerns including heat-related health effects. First, active outreach to residents is
needed, and can be facilitated with resources (such as child care and translation services)
that enable participation in public discussions. Most importantly, planning for health and

sustainability in New York City’s low-income neighborhoods inevitably includes
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discussion of adequate housing and employment strategies and inclusion in the policy-
making process. It will be important to continue to find forums that address these

integral facets of sustainable development to make climate resilience most effective and
ultimately to reduce the public health burden of climate change and variability in the City.
Ultimately, greater inclusion in decision-making on planning decisions may be the most
effective means to increase the social capacity needed by residents to address long-

standing disparities in health and socioeconomic standing.

Endnotes

' Other DOHMH climate and health research has included; modeling of the weather-mortality relationship
in New York City by BESP scientists Kristina Metzger, Kaz Ito and Thomas Matte; research on allergens
and climate.

% A chapter could be written directly on this question of air conditioning (AC) and the conflict it poses
between adaptation and mitigation. For the purposes of this discussion, two main points are acknowledged;
first, that AC saves lives, and second, that whenever possible, adaptation measures that also are mitigative
are the best approach. In regard to AC, the relatively small amount of electricity used by senior citizens
during extremely hot days could be more than compensated for by several energy efficiency measures, for
example, the reduction of office air conditioning during heat events.

? Dr. Thomas Matte, Director of Environmental Research for the DOHMH’s Bureau of Environmental
Surveillance and Policy, represented the agency at the NYAS 2009 stakeholder meeting.

* This question on the exclusion of heat-health effects from NYC’s climate adaptation planning also arose
at a 10/27/09 Earth Institute Practicum lecture by NPCC Co-Chair Cynthia Rosenzweig at Columbia
University on the impact of climate change in New York City and the work of the City’s ATF and expert
Panel on Climate Change.

5 http://www.nycgovparks.org/sub_your_park/trees_greenstreets.html, accessed March 29, 2010.

% For NYC’s Cool Roof program’s first year of operation, Danielle Grillo of the NYC Building Department
reported that their initial priority areas are chosen by the following criteria; 1) Ease of entry (meaning they
have some contacts or are working in those neighborhoods -- starting with Long Island City and Hunts
Point); 2) Low-income; 3) High square footage (industrial/manufacturing etc); 4) MillionTrees area (areas
selected by trees for public health neighborhoods); 5) Priority for City-owned buildings the first year
(personal correspondence, March 15, 2010). At a March 3" meeting, Building Department staff also
reported that the initial focus of the Cool Roofs effort was targeted to Con Edison designated peak load
areas, especially in Long Island City for the first year. Buildings targeted for cool roofs were to be under 7
stories, and volunteers with the green city work force will work fulltime on the program.

7 In turn, the Columbia students requested, through DOHMH in March and April, guidance to advise their
course work for the City’s Cool Roofs program. The guidance provided to the Columbia students
conducting a GIS analysis on vulnerability was the same as that provided to the Buildings Department; that
they should identify low-rise residential buildings of low-income senior citizens in low-income areas with a
relatively low degree of air-conditioning prevalence, incorporating the Landsat surface temperature data
into their GIS analysis to identify hotter residential lots.

¥ There are other climate-health impacts that may bear a direct correspondence to infrastructural issues —
especially, the potential for water-borne diseases during extreme precipitation events. However, this
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present research is limited to heat-associated effects. Other climate-health issues may serve as additional
reasons to incorporate the public health sector in NYC’s current climate adaptation planning process.

? The author was a project manager of the Greenpoint/Williamsburg Environmental Watchperson Project
during this time. This story has not been previously published, and it would seem to make a good example
that supports the argument for local knowledge even in infrastructure planning and maintenance.

' This section focuses on describing and critiquing the formal planning process. However, a bottom-up
approach may ultimately prove best for community-based climate adaptation planning for health and
should be supported. For example, as an extension of the current grassroots organizing for Climate Justice,
led by Harlem-based WE ACT for Environmental Justice (WEACT) and the members of the
Environmental Justice Leadership Forum on Climate Change.

"' I asked Tony Brunello, Deputy Secretary for Energy and Climate Change, State of California, on
10/14/09 if their state adaptation plan includes measures to specifically address high-poverty
neighborhoods, given that low-income communities are most at risk for the health impacts of climate
change now and in the future.

"2 PlaNYC announced in 2007 that a neighborhood-based planning effort is a priority for the city’s work on
climate adaptation. In writing on these topics, it is important to recognize that it is a quickly evolving
policy and organizing arena, as several organizations and NYC are planning increased community-based
outreach on climate adaptation and mitigation as of the writing of this chapter, in May 2010.

13 Sustainable South Bronx website; http://www.ssbx.org/index.php?link=31. Accessed 2 April 2010.
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Appendix A: Regression Models

Model 1: Heat mortality rate ratio (MRRgs.)

Independent variables at UHF level (n=42):
Percent impervious (Pt impervious): Impervious land cover derived from aerial imagery.
Percent of seniors with hypertension diagnosis (Hypertension65+): Community Health

Survey self-reported data for seniors with hypertension, 2007.

Dependent variable: Mortality rate ratio for seniors 65+

Adjusted R Std. Error of
R R Squared Square the Estimate
402 161 118 .108
ANOVA®
Model Sum of Squares df Mean Square F Sig.
1 Regression .088 2 .044 3.750 .0322
Residual .456 39 .012
Total 544 44
a. Predictors: (Constant), p_impv, hyp_s
b. Dependent Variable: mrr
Coefficients®
Standardized
Unstandardized Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) .692 132 5.223 .000
HYP_S .004 .002 .325 2.213 .033
P_IMPV .002 .001 .259 1.760 .086

a. Dependent Variable:

MRR
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Model 2:

Independent variables at Community District level (n=59):
Percent property tax delinquencies for Class 1 residences: NYCHPD

Percent transportation land-uses (Pt Transportation): Derived from NYCDCP PLUTO
land-use data

Dependent variable: Mortality rate ratio for seniors 65+

Model Summary

Adjusted R Std. Error of the
Model R R Square Square Estimate
1 4128 .170 .140 .1254448
a. Predictors: (Constant), ptaxd, p_trans
ANOVA®
Model Sum of Squares df Mean Square F Sig.
1 Regression .180 2 .090 5.724 .005°
Residual .881 56 .016
Total 1.061 58
a. Predictors: (Constant), ptaxd, p_trans
b. Dependent Variable: mrr
Coefficients®
Standardized
Unstandardized Coefficients Coefficients
Model B Std. Error Beta T Sig.
1 (Constant) 1.030 .031 33.071 .000
P_trans -.005 .003 -.243 -1.978 .053
ptaxd 1.342 .552 .299 2.433 .018

a. Dependent Variable:

mrr




Model 3:

Independent variables at Community District level (n=59):

228

Percent population below 1999 poverty level (Pt Poverty): Census 2000.
Percent transportation land-uses (Pt Transportation): Derived from NYCDCP PLUTO

land-use data

Dependent variable: Mortality rate ratio for seniors 65+

Adjusted R Std. Error of
R R Squared Square the Estimate
.380 0.1441 114 1274
ANOVA®
Model Sum of Squares df Mean Square F Sig.
1 Regression .153 2 .076 4.713 .013%
Residual .908 56 .016
Total 1.061 58
a. Predictors: (Constant), pt_pov, p_trans
b. Dependent Variable: mrr
Coefficients®
Standardized
Unstandardized Coefficients Coefficients
Model B Std. Error Beta T Sig.
1 (Constant) 1.021 .039 26.440 .000
p_trans -.006 .003 -.281 -2.274 .027
pt_pov .003 .001 .249 2.016 .049

a. Dependent Variable: mr

r
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Air conditioning access models:
Model 4: Senior’s air conditioning access for UHF areas
Dependent Variable: Percent of senior’s access (ownership and use) of air conditioning

for 42 UHF areas, CHS 2007.
Predictors: Percent Black, Percent below Poverty Level; Census 2000.

Adjusted R Std. Error of
R R Squared Square the Estimate
742 551 528 6.2416
ANOVA®
Model Sum of Squares df Mean Square F Sig.
1 Regression 1866.767 2 933.384 23.959 .000?
Residual 1519.375 39 38.958
Total 3386.142 41

a. Predictors: (Constant), p_blck, povbel

b. Dependent Variable: ac65_p

Coefficients®

Standardized
Unstandardized Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) 93.144 2.102 44.305 .000
Povbel -.444 .097 -.528 -4.597 .000
p_blck -.150 .047 -.368 -3.203 .003

a. Dependent Variable: ac65_p
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Model 5: Senior’s air conditioning access for UHF areas

Dependent Variable: Percent of senior’s access (ownership and use) of air conditioning
for 42 UHF areas, CHS 2007.

Predictors: Percent Black, Percent of residential units occupied by owners; Census 2000.

Model Summary

Adjusted R Std. Error of the
Model R R Square Square Estimate
1 .708? 502 476 6.5778417

a. Predictors: (Constant), P_BLCK, OWN

ANOVA®
Model Sum of Squares df Mean Square F Sig.
1 Regression 1698.690 2 849.345 19.630 .000%
Residual 1687.452 39 43.268
Total 3386.142 41
a. Predictors: (Constant), P_BLCK, OWN
b. Dependent Variable: AC65_P
Coefficients®
Standardized
Unstandardized Coefficients Coefficients
Model B Std. Error Beta T Sig.
1 (Constant) 78.344 2.385 32.851 .000
OWN 217 .056 446 3.891 .000
P_BLCK -197 .047 -.484 -4.231 .000

a. Dependent Variable: AC65_P
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Urban heat island (surface temperature) models:

UHI Model 1:

Dependent variable: 9/8/02 surface temperatures averaged to each UHF area:
Predictors: Percent impervious cover, median household income, and percent
Black/African American

Model Summary

Adjusted R Std. Error of the
IModel R R Square Square Estimate
1 .760° 577 .544 1.1735950

a. Predictors: (Constant), P_BLCK, P_IMPV, MEANINC

ANOVA®
IModeI Sum of Squares df Mean Square F Sig.
1 Regression 71.463 3 23.821 17.295 .000%
Residual 52.338 38 1.377
Total 123.801 41
a. Predictors: (Constant), P_BLCK, P_IMPV, MEANINC
b. Dependent Variable: SEP_8
Coefficients®
Standardized
Unstandardized Coefficients Coefficients
[Model B Std. Error Beta t Sig.
1 (Constant) 93.220 1.262 73.845 .000
MEANINC -4.965E-5 .000 -.440 -3.703 .001
P_IMPV .058 .014 452 4.201 .000
P_BLCK .015 .009 .198 1.687 .100
a. Dependent Variable: SEP_8
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UHI Model 2:

Dependent variable: 7/22/02 surface temperatures averaged to each CD.
Predictors: Percent below poverty; percent impervious, percent Black/African American

Model Summary

Adjusted R Std. Error of the
IModel R R Square Square Estimate
1 .686° 471 442 1.6718768

a. Predictors: (Constant), PT_POV, P_IMPV, PT_BLK

ANOVA®
IModeI Sum of Squares df Mean Square F Sig.
1 Regression 136.864 3 45.621 16.321 .000°%
Residual 153.734 55 2.795
Total 290.598 58
a. Predictors: (Constant), PT_POV, P_IMPV, PT_BLK
b. Dependent Variable: JUL_22
Coefficients®
Standardized
Unstandardized Coefficients Coefficients
|Model B Std. Error Beta t Sig.
1 (Constant) 99.204 1.476 67.206 .000
P_IMPV .069 .021 .339 3.259 .002
PT_BLK .029 .010 .328 3.047 .004
PT_POV .060 .022 314 2.773 .008
a. Dependent Variable: JUL_22
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UHI Model 3:

Dependent variable: 7/22/02 surface temperatures averaged to each CD.

Predictors: Percent impervious, percent Black/African American, percent below poverty
level, and population density.

Model Summary

Adjusted R Std. Error of the
IModel R R Square Square Estimate

1 729° .531 496 1.588844

a. Predictors: (Constant), POPDEN, PT_BLK, PT_PQOV, P_IMPV

ANOVA®
IModeI Sum of Squares df Mean Square F Sig.
1 Regression 154.279 4 38.570 15.279 .000°
Residual 136.319 54 2.524
Total 290.598 58

a. Predictors: (Constant), POPDEN, PT_BLK, PT_PQOV, P_IMPV
b. Dependent Variable: Jul_22

Coefficients®

Standardized
Unstandardized Coefficients Coefficients
[Model B Std. Error Beta t Sig.
1 (Constant) 98.095 1.465 66.962 .000
P_IMPV .099 .023 481 4.270 .000
PT_BLK .029 .009 .330 3.222 .002
PT_POV .066 .021 .345 3.184 .002
POPDEN -6.601E-5 .000 -.290 -2.627 .011

a. Dependent Variable: Jul_22
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UHI Model 4:

Dependent variable: 8/14/02 (heat wave day) surface temperatures averaged to each
UHF area.

Predictors: Percent population below twice the poverty level, percent owner-occupied
residential units, percent impervious.

Model Summary

Adjusted R Std. Error of the
IModel R R Square Square Estimate
1 743 .552 517 2.3235265

a. Predictors: (Constant), own, p_impv, twopov

ANOVA®
IModeI Sum of Squares df Mean Square F Sig.
1 Regression 252.905 3 84.302 15.615 .000?
Residual 205.153 38 5.399
Total 458.059 41
a. Predictors: (Constant), own, p_impv, twopov
b. Dependent Variable: aug_14
Coefficients®
Standardized
Unstandardized Coefficients Coefficients
[Model B Std. Error Beta t Sig.
1 (Constant) 88.900 4.463 19.919 .000
p_impv 161 .037 648 4.298 .000
twopov 193 .037 .928 5.213 .000
own 124 .039 .694 3.163 .003

a. Dependent Variable

raug_14
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UHI Model 5:

Dependent variable: 8/14/02 (heat wave day) surface temperatures averaged to each
Community District.

Predictors: Percent population below the poverty level, percent impervious, percent
Black/African American; population density.

Model Summary

Adjusted R Std. Error of the
IModel R R Square Square Estimate

1 .685° .469 430 2.351235

a. Predictors: (Constant), P_IMPV, PT_BLK, PT_POV, POPDEN

ANOVA®
IModeI Sum of Squares df Mean Square F Sig.
1 Regression 263.730 4 65.932 11.926 .000%
Residual 298.528 54 5.528
Total 562.258 58

a. Predictors: (Constant), P_IMPV, PT_BLK, PT_POV, POPDEN

b. Dependent Variable: Aug_14

Coefficients®

Standardized
Unstandardized Coefficients Coefficients
[Model B Std. Error Beta t Sig.

1 (Constant) 102.570 2.168 47.313 .000
PT_BLK .025 .013 .199 1.830 .073
PT_POV .120 .031 .451 3.913 .000
POPDEN -6.291E-5 .000 -.198 -1.692 .097
P_IMPV .106 .034 372 3.103 .003

a. Dependent Variable: Aug_14
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Appendix B: Neighborhood Characteristics and Pearson Correlations

Table B-1: New York City Community Districts

New York City Community District, Some Characteristics, 2000
Percent Educational Percent
population attainment:  Vegetated
Percent under 1999  Median Percent HS Areas of
Total population 65 poverty Household Gradand Residential
CD Borough Neighborhoods Population and older level Income above Lots
All City Average 135,681 11.47 22.38 $38,714 70.68 23.58

101|Manhattan 1 Financial District 34,420 7.14] 8.77 79,475 90.98 13.36]
102|Manhattan 2  [Greenwich Village/Soho 93,119 11.66 10.81 65,460 90.17 11.24
103|Manhattan 3 Lower East Side/Chinatown 164,407 13.44 28.35 28,745 58.50 26.46
104|Manhattan 4  [Clinton/Chelsea 87,479 11.66 15.27 50,580 86.86 13.31
105|Manhattan 5 |Midtown 44,028 10.49 11.27 69,075 94.96 3.48
106|Manhattan 6  |Stuyvesant Town/Turtle Bay 136,152 14.90 7.78 68,940 95.33 17.86)
107|Manhattan 7 |Upper West Side 207,699 13.13 10.94 64,125 89.57 13.66)
108|Manhattan 8 Upper East Side 217,063 14.23 6.53 74,130 95.08 15.14
109|Manhattan 9 Morningside Heights/Hamilton 111,724 9.91 31.74 27,365 65.11 15.13
110|Manhattan 10 [Central Harlem 107,109 11.44 36.61 19,920 64.26 23.00
111|Manhattan 11 East Harlem 117,743 11.45 36.91 21,295 55.99 33.77
112|Manhattan 12 Washington Heights/Inwood 208,414 9.88 29.76 28,865 55.73 13.19
201|Bronx 1 Mott Haven/Melrose 82,159 7.64] 45.67 16,000 43.40 32.81
202|Bronx 2 Hunts Point/Longwood 46,824 6.95 44.99 17,130 44.46 16.39
203|Bronx 3 Morrisianna/Crotona 68,574 6.67 45.57 16,600 50.85 32.85
204|Bronx 4 Highbridge/Concourse 139,563 6.77 39.67 21,275 52.65 15.17
205[Bronx_ 5 Fordham/University Heights 128,313 5.06 41.42 20,620 51.28 14.83
206|Bronx 6 Belmont/East Tremont 75,688] 7.62 45.60 16,530 49.92 15.42
207|Bronx 7 Kingsbridge Heights/Bedford Park 141,411 7.66) 32.99 27,740 61.66 12.39
208|Bronx_ 8 Riverdale/Fieldston 101,332 17.65 17.72 42,370 77.99 49.10
209|Bronx 9 Parkchester/Soundview 167,859 9.02 29.09 28,295 63.33 30.29
210|Bronx 10 Throgs Neck/Co-op City 115,948 17.75 10.67 41,950 76.58 24.00
211|Bronx 11 Morris Park/Bronxdale 110,706 15.54 16.97 35,755 71.03 23.43
212|Bronx 12 Williamsbridge/Baychester 149,077 11.48 19.58 36,870 71.08 27.66
301|Brooklyn 1 Greenpoint/Williamsburg 160,338 9.64] 34.70 26,325 57.45 19.60
302|Brooklyn 2 Fort Greene/Brooklyn Heights 98,620 10.04 23.50 44,180 80.80 30.92
303|Brooklyn 3 Bedford Stuyvesant 143,867 9.13 35.07 23,495 61.88 32.23
304|Brooklyn 4 Bushwick 104,358 6.41 37.76 22,100 46.89 24.26
305|Brooklyn 5 East New York/Starrett City 173,198 7.97 33.16 25,505 58.71 32.96
306|Brooklyn 6 Park Slope/Carroll Gardens 104,054 8.84 15.22 53,090 82.53 25.46|
307|Brooklyn 7 Sunset Park 120,063 8.62 24.91 33,760 57.36 19.37
308|Brooklyn 8 Crown Heights 96,076 9.48] 27.52 28,780 68.95 26.09
309|Brooklyn 9 South Crown Heights/Prospect 104,014 9.76 24.28 29,980 69.68 18.95
310|Brooklyn 10 Bay Ridge/Dyker Heights 122,542 16.20 14.18 43,090 77.34 15.16
311|Brooklyn 11 Bensonhurst 172,129 17.02 19.62 33,965 67.53 8.90
312|Brooklyn 12 Borough Park 185,046 12.69 28.55 29,780 66.49 16.65)
313|Brooklyn 13 Coney Island 106,120 20.83 29.08 22,670 7111 22.71
314|Brooklyn 14 Flatbush/Midwood 168,806 10.55 23.12 32,425 72.44 26.25
315|Brooklyn 15 Sheepshead Bay 160,319 18.07, 17.15 37,450 77.95 17.81
316|Brooklyn 16 Brownsville 85,343 7.62 42.66 18,750 59.97 29.19
317|Brooklyn 17 East Flatbush 165,753 9.07 20.02 34,040 69.86 20.12
318|Brooklyn 18 Flatlands/Carnarsie 194,653 11.20 12.32 48,085 78.18 22.12
401[Queens 1 Astoria 211,220 11.00 20.14 35,750 69.18 21.65
402|Queens 2 Woodside/Sunnyside 109,920 10.97 16.49 38,965 72.61 18.86)
403|Queens 3 Jackson Heights 169,083 10.12 19.11 39,340 65.14 20.64
404[Queens 4 Elmhurst/Corona 167,005 8.33 19.32 36,470 64.77 16.20
405|Queens 5 Ridgewood/Maspeth 165,911 13.71 13.80 40,870 71.20 15.91
406]Queens 6 Rego Park/Forest Hills 115,967 18.72 11.18 47,520 87.06 30.47
407|Queens 7 Flushing/Whitestone 242,952 15.83 13.25 43,480 77.16 31.43
408|Queens 8 Hillcrest/Fresh Meadows 146,594 14.23 10.60 48,705 82.84 43.13
409[Queens 9 Ozone Park/Woodhaven 141,608 9.39 14.78 42,500 70.18 21.63
410|Queens 10 S. Ozone Park/Howard Beach 127,274 11.81 11.40 47,260 70.88 20.97
411]|Queens 11 Bayside/Little Neck 116,404 17.18 6.58 57,960 85.41 42.05
412|Queens 12 Jamaica/Hollis 223,602 11.32 16.73 40,435 71.33 32.11
413|Queens 13 Queens Village 196,284 12.16 7.27 57,080 80.80 32.89
414|Queens 14 Rockaway/Broad Channel 106,686 14.17 22.36 33,815 72.03 20.04
501|Staten Island 1 |St. George/Stapleton 162,609 11.09 15.73 46,515 79.17 48.67
502|Staten Island 2 |S. Beach/Willowbrook 127,071 13.65 9.10 56,610 81.55 39.51
503|Staten Tsland 3 [Tottenville/Great Kills 152,908 10.49 4.90 64,260 86.85 32.61
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ic variables by

Pearson’s correlation coefficients for demograph

.
.

Table B-2

Community District (CD)
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Table B-3: Pearson’s correlation coefficients for land-use variables by CD

Correlations between land use variables

238

Pearson Correlation Coefficients, N = 59

Percent of Land

One and Two

Uses: Family Homes | Pct Residential Pct Land in | Pet Vacant Pct Land with Percent
as Pct of Total | Lots with Walk- . Transportation |Mixed Land
. . oo Manufacturing Land
Residential up Buildings Uses Use
Buildings
One and Two
Family Homes
as Pct of Total 1.000 -0.871 -0.236 0.345 -0.332 -0.677
Residential
Buildings
Pct Residential
Lots with Walk-| 5 74 1.000 0.366 0.257 0.353 0.506
up Buildings
Pet Land in 0.236 0.366 1.000 0.000 0.737 -0.080
Manufacturing
Pet Vacant 0.345 -0.257 0.000 1.000 -0.093 -0.318
Land
Pct Land with
Transportation -0.332 0.353 0.737 -0.093 1.000 0.035
Uses
Percent Mixed 0.677 0.506 -0.080 -0.318 0.035 1.000

Land Use
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Table B-4: Pearson’s correlation coefficients for biophysical variables by CD

Biophysical Data Correlations
Pearson Correlation Coefficients, N = 59
Percent
Acres of Open Percent Surface Surface Surface
Vegetated Percent
Space per Areas of Vegetated Impervious Temperature | Temperature | Temperature
1,000 Residential Land Cover Land Cover 10:30am 10:30am 10:30am
Residents Lots of District 7/22/02 8/14/02 9/8/02
Acres of Open
Space per 1,000 1.000 0.332 0.537 -0.565 -0.401 -0.494 -0.422
Residents
Percent
Vegetated Areas
of Residential 0.332 1.000 0.759 -0.752 -0.188 -0.137 -0.217
Lots
Percent
Vegetated Land 0.537 0.759 1.000 -0.984 -0.379 -0.380 -0.415
Cover
Percent -0.565 -0.752 -0.984 1.000 0.412 0.399 0.447
Impervious
Surface
Temperature -0.401 -0.188 -0.379 0.412 1.000 0.826 0.982
7/22/02
Surface
Temperature -0.494 -0.137 -0.380 0.399 0.826 1.000 0.842
8/14/02
Surface
Temperature -0.422 -0.217 -0.415 0.447 0.982 0.842 1.000
9/8/02

Table B-5: Pearson’s correlation coefficients for built environment variables by CD

Built Environment Correlations
Pearson Correlation Coefficients, N = 59 Community Districts

Mortalit Serious Percent Percent Percent Percent
Y . Percent Vacant| Renters in Owners in | Population | Population
Rate Ratio, Housing Property Tax . . . - .
Lo X . Housing Units Housing Housing Density below
65+ Violations Rate| Delinquencies X X
Units Units Poverty
Mortality Rate 1.00 0.32 0.38 0.19 0.21 -0.21 0.18 0.26
Ratio, 65+
Serious Housing
Violations Rate, 0.32 1.00 0.71 0.50 0.50 -0.50 0.25 0.68
2003
Percent Property
. Tax . 0.38 0.71 1.00 0.52 0.56 -0.57 0.34 0.66
Delinquencies,
2005
Percent Vacant 0.19 0.50 0.52 1.00 0.40 -0.42 0.08 0.57
Housing Units
Percent Renters 0.21 0.50 0.56 0.40 1.00 -1.00 0.59 0.77
in Housing Units
Percent Ownersin| -0.50 -0.57 -0.42 -1.00 1.00 -0.59 -0.77
Housing Units
Population 0.18 0.25 0.34 0.08 0.59 -0.59 1.00 0.26
Density
Percent
Population below 0.26 0.68 0.66 0.57 0.77 -0.77 0.26 1.00
Poverty
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Pearson’s correlations for health status and risk characteristics

by UHF-area

.
.

Table B-6
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Appendix C: Regression graphs not included in Chapter 4
This Appendix includes the scatterplots and bivariate regressions discussed in the main
text, as well as related variables.
Measures of seniors age 65 and older living alone:
Analysis of the high mortality rate associated with the Chicago July 1995 heat wave
revealed that social isolation and living alone were central factors in creating higher risk

of heat-related mortality amongst the elderly (Klinenberg, 2002; Semenza et al., 1996).

Figure C-1: Percent of households that are seniors living alone by Community District

Seniors Living Alone
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Figure C-2: Percent of households that are seniors living alone, without CD 313
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Seniors Living Alone, without outlier (CD 313- Coney Island, Brighton Beach)
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Figure C-3: Percent of total senior population in each Community District (CD) that
lives alone
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Figure C-4: Percent of total population that are seniors aged 65 and older living alone:
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Figure C-5: Percent seniors living alone by UHF-area, without outlier

CHS 2007, no outlier (Richmond, SI UHF)
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Figure C-6: Percent of seniors (65+) living alone by UHF-area

Seniors Living Alone, CHS 2007
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Measures of neighborhood-level income:

Figure C-7: Percent age 65 and over in poverty by CD
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Figure C-8: Percent of total population below poverty by CD

Mortality rate ratio, age 65+
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Figure C-9: Percent of population below 200% of poverty rate by CD

Mortality rate ratio, age 65+
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Figure C-10: Percent population below 200% poverty level, without CD 106 and 202
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Figure C-11: Percent population below 200% poverty level by UHF-area
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Figure C-11: Median household income by CD

Mortality Rate Ratio, 65+

Median Household Income by CD
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Figure C-12: Median household income by CD, without CD 106

Mortality Rate Ratio, 65+
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Figure C-13: Mean household income by UHF-area

Mortality rate ratio, 65+
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Additional measures of relative educational attainment, by Community District:

Figure C-14: Percent of population below High School graduate, by UHF-area
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Figure C-15: Percent of population below High School graduate, by CD

Educational Attainment
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Figure C-16: Percent of population with no schooling by CD
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Figure C-17: Percent of population with some college and above, by CD
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Figure C-18: Percent of age 65+ to High School graduation or below, by CD

Educational Attainment: Senior citizens
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Demographic/socioeconomic characteristics

Racial/ethnic neighborhood composition:

Figure C-19: Percent of total population that is Black/African-American by CD,

Census 2000

Mortality rate ratio, age 65+

Neighborhood racial/ethnic composition by CD
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Figure C-20: Percent of total population that is White by Community District, all CDs
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Figure C-21: Percent of total population of Hispanic origin (of any race)
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Figure C-22: Percent of total population that is White, for Community Districts

below the median percent population White (34.39%) (n=29):
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Potential social isolation:
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Figure C-23: Percent of occupied housing units with no phone service available by CD,

from Census 2000.
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Figure C-24: Percent of the population that speaks a language other than English at
home: “Does not speak English very well,” by CD 2000

Mortality Rate Ratio, age 65+
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Factors in housing and the built environment:

Figure C-25: Property tax delinquencies, percent delinquent 1 year or more by CD
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Figure C-26: Serious Housing Violations Rate, 2003, by CD

Mortality rate ratio, 65+

Serious Housing Violations Rate 2003

0.8

0.6

0.4

0.2

0.0

0 50 100 150 200 250

Housing Violations Rate per 1,000 Rental Units, 2003
by Community District

y=0.0012x + 1.0073
R?=0.1014

¢ MRR
——Linear (MRR)

Figure C-27: Serious housing violations rate, 2003 by CD without outlier
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Figure C-28: Percent vacant residential units by Community District, not
including seasonal, recreational and occasional use units:
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Figure C-29: Percent vacant residential units by Community District, including
seasonal, recreational and occasional use units:

Housing: Vacant Units by CD
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Figure C-30: Same as above, without CD 105 (Midtown Manhattan, with the city’s
greatest proportion of occasional use rental units)

Without CD 105 outlier
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Figure C-31: Percent renters of occupied units by Community District (Census 2000,
Total Households by Household and Family Type)

Percent renter occupied of total housing units by CD
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Figure C-32: Owner-occupied housing by CD

Housing: Owner occupied housing
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Figure C-33: Population density (per sq km) by CD
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Figure C-34: Household density (per sq km) by Community District, 2000
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Figure C-35: One and two-family homes as percent of residential buildings by CD
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Figure C-36: Percent residential lots with walk-up buildings by CD, without SI

Mortality Rate Ratio 65+

Percent of Residential Lots with Walk-up Residential Bldgs

1.6000

1.4000

y=0

1.2000

1.0000

0.8000

.0007x + 1.0342

R? = 0.0098

*

0.6000

RRN65_MW
Linear (RRN65_MW)

0.4000

0.2000 -

0.0000

0.00

40.00 60.00 80.00

Percent Walk-ups

20.00

Figure C-37: Percent residential lots with walk-up buildings by CD; for SI, percent

walk-up residential units of total units.
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Figure C-38: Percent manufacturing land use by Community District
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Figure C-39: Percent manufacturing land use by CD, without CD 202 outlier
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Figure C-40: Acres of open space per 1,000 residents by CD, 2004
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Figure C-41: Percent of open space by Community District, 2003
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Land Cover:

Figure C-42: Percent impervious cover by Community District
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Figure C-43: Vegetative cover in residential tax lots, by CD
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Figure C-44: Percent vegetated cover of residential tax lots, without outliers

Without outliers CD 208 (BX, Riverdale, Fieldston) and 105 (MN, Midtown)
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Figure C-45: Vegetated cover of residential tax lots, with buffer zone

Buffer analysis
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Figure C-46: Vegetated cover of residential tax lots, with buffer, by CD

Buffer analysis without outliers: CD 105 & 208
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Figure C-47: Percent trees by Community District

Percent trees and the mortality rate ratio, 65+
by Community District
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Figure C-48: Percent trees by UHF area without outlier, Riverdale
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Urban heat island effect:

Figure C-49: Mean surface temperature by CD, 8/14/02, 10:30AM

Mean Surface Temperature by CD, derived from Landsat 7 August 14, 2002
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Figure C-50: Mean surface temperature by CD, 8/14/02, without influential points
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Figure C-51: Mean surface temperatures by CD, 9/8/02
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Figure C-52: Surface temperatures by CD, 9/8/02, without CD 208 and 316
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Figure C-53: Nightime mean surface temperatures by CD, 10/3/05
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Figure C-54: Mean surface temperature, ASTER data, 10/3/05 without Queens

CD 11 and 13

ASTER surface kinetic temperature, 10/3/05
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Neighborhoods with higher surface temperatures and the mortality rate ratio:

Table C-1: One-sample T-test: Test value (1.1250) is the mean surface temperature for

the warmest quartile of UHF areas.

One-Sample Statistics

N Mean Std. Deviation Std. Error Mean

BELOW?75 32 1.027472 .1003193 .0177341
One-Sample Test
Test Value = 1.1250
95% Confidence Interval of the
Difference

t df Sig. (2-tailed) Mean Difference Lower Upper

BELOW?75 -5.499 31 .000 -.0975281 -.133697 -.061359
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Table C-2:  One-sample T-test: Test value (1.0965) is the mean surface temperature
for the warmest quartile of Community Districts.
One-Sample Statistics
N Mean Std. Deviation Std. Error Mean
MRR 44 1.04106 .125954 .018988
One-Sample Test
Test Value = 1.09647
95% Confidence Interval of the
Difference
t df Sig. (2-tailed) Mean Difference Lower Upper
MRR -2.918 43 .006 -.055406 -.09370 -.01711
Community Health Survey risk characteristics and health status:
Figure C-55: Percent age 65 and over with diabetes by UHF-area, 2007
CHS 2007 Health Risk Characteristics for 42 UHF areas
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Figure C-56: Asthma prevalence by UHF areas

Health Risk Characteristics, CHS 2007
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Figure C-57: Percent heavy drinkers, all ages by UHF-areas
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Figure C-58: Proportion of seniors with access to medical care, by UHF-area
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Figure C-59: Percent obese, all ages, by UHF-area
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Figure C-60: Percent obese, age 65+, by UHF-area
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Figure C-61: Number of residential units in NYCHA housing by CD, 2003
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Stratified analysis: Bivariate regression stratified by income and poverty metrics

Air conditioning access (ownership and use), by UHF-area 2007: linear regression (Fig.C-61);
and stratified (Fig. C-62) by Average Median Household Income.

Figure C-61:
Scatterplot of CHS and MRR, stratification by AVE_MHI
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Surface temperature by Community District, Sept. 8, 2002 (Landsat 10:30am); non-stratified

bivariate linear regression (Fig. C-63), and stratified by Ave. Median HH income (Fig C-64).

Figure C-63:
Scatterplot of SEPT 02 and MRR, stratification by AVE MH|
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Figure C-64:
Scatterplot of SEP8 02 and MRR, stratification by AVE_MHI
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Surface temperature by Community District, August 14, 2002 (Landsat 10:30am); bivariate linear
regression (Fig. C-65); and stratified (Fig. C-66) by Average Median Household Income.

Figure C-65:
Scatterplot of AUG#_02 and MRR, stratification by AVE MHI
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Figure C-66:
Scatterplot of AUG#_02 and MRR, stratification by AVE MHI
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Proportion of seniors with hypertension diagnosis by UHF neighborhood, 2007: bivariate linear
regression (Fig.C-67); and stratified (Fig. C-68) by Average Median Household Income.

Figure C-67:
Scatterplot of CHS and MRR, stratification by AVE_MHI
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Figure C-68:
Scatterplot of CHS and MRR, strafification by AVE MHI
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Property tax delinquencies by Community District, Class 1 housing, linear regression (Fig. C-69)
and stratified by Average Median Houshold Income (AVE_MHI) (Fig.C-70).

Figure C-69:
Scatterplot of Built Env and MRR, stratification by AVE MHI
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Figure C-70:
Scatterplot of PTAXD and MRR, stratification by AVE_MHI
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Percent of residential lots that are Walk-Up buildings, by Community District (Pluto 2003);
bivariate linear regression with and without stratification (Figs C-71 and -72).

Figure C-71:
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Figure C-72:
Scatterplot of Land Use and MRR, stratification by AVE_MHI
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Percent of CD’s that are High School graduates and above; bivariate regression (Fig C-73),
stratified by average Median HH income (Fig C-74), with one outlier removed (CD 106, Murray
Hill/Tudor City/Stuyvesant Town).

Figure C-73:
Scatterplot of Demographic Data and MRR, stratification by AVE_ MHI

Figure C-74:

Scatterplot of Demographic Data and MRR, stratification by AVE_ MHI
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Percent of Community Districts that are Black/African-American; bivariate linear regression with

and without stratification (Figs C-75 and C-76).

Figure C-75:
Scatterplot of Demographic Data and MRR, stratification by AVE_ MHI
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Figure C-76:
Scatterplot of Demographic Data and MRR, stratification by AVE_ MHI
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Percent of Community Districts that are Hispanic (all races); bivariate linear regression with and
without stratification (Figs C-77 and C-78).

Figure C-77:
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Figure C-79: Population density (by CD) and MRR, stratified by income:

Scatterplot of Built Env and MRR, stratification by AVE MHI
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Appendix D: Association between neighborhood characteristics

Urban heat island and income/poverty measures:

Figure D-1 and D-2: Surface temperature 8/14/02 averaged to Community Districts

Mean surface temperature by CD

Median Household Income and Surface Temperature, 8/14/02
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Figure D-3:

Median Household Income and Surface Temperature, 8/14/02
without outliers CD 208 (Riverdale) and 414 (Rockaways)
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Figure D-4:

Surface temperature and poverty rates, 8/14/02
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Figure D-5: September 8, 2002 surface temperature averaged to Community Districts:

Surface temperature and median household income
without outliers CDs 208 (Riverdale) and 112
(Inwood/Washington Heights)
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Figure D-6: Surface temperature and income by UHF areas
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Other correlations:

Figure D-7: Surface temperature and population density by Community District:

Surface temperature (8/14/02) and population density
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Figure D-8: Poverty levels and high blood pressures (65+) by UHF-area

Relationship, high blood pressure 65+ and income levels by
UHF neighborhoods, 2002
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Figure D-9: Land use and percent impervious cover by CD

Residential land use and impervious cover
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Appendix E: Additional Maps

Map E-1: One and two-family dwellings as percent of residential buildings
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Percent of Total Residential Buildings
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