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Abstract
Due to global climate change, the world will, on average, experience a higher number of heat waves,
and the intensity and length of these heat waves is projected to increase. Knowledge about the
implications of heat exposure to human health is growing, with excess mortality and illness occurring
during hot weather in diverse regions. Certain groups, including the elderly, the urban poor, and those
with chronic health conditions, are at higher risk. Preventive actions include: establishing heat wave
warning systems; making cool environments available (through air conditioning or other means);
public education; planting trees and other vegetation; and modifying the built environment to provide
proper ventilation and use materials and colors that reduce heat build-up and optimize thermal
comfort. However, to inspire local prevention activities, easily understood information about the
strategies' benefits needs to be incorporated into decision tools. Integrating heat health information
into a comprehensive adaptation planning process can alert local decision-makers to extreme heat
risks and provide information necessary to choose strategies that yield the largest health
improvements and cost savings. Tools to enable this include web-based programs that illustrate
effective methods for including heat health in comprehensive local-level adaptation planning;
calculate costs and benefits of several activities; maps showing zones of high potential heat exposure
and vulnerable populations in a local area; and public awareness materials and training for
implementing preventive activities. A new computer-based decision tool will enable local estimates
of heat-related health effects and potential savings from implementing a range of prevention
strategies.
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1. Introduction
Heat related mortality and morbidity occurs across industrialized and less developed nations.
Heat related mortality disproportionately affects lower socioeconomic status individuals, those
without access to indoor air conditioning and the elderly.[1] With climate change, concern
about increasing duration, intensity and frequency of heat waves[2] has added to the urgency
of preparing properly to protect health during hot weather. This paper briefly reviews
epidemiologic evidence on links between heat exposure and adverse health outcomes,
discusses options for prevention of such outcomes, and describes the role of local authorities
in implementing preventive activities. Next, we present an approach for developing a
computer-based decision tool to enable local authorities to estimate how heat might impact the
health of residents and to choose a range of potential strategies for mitigating these effects.

2. The epidemiology of heat and health
Excess mortality during hot weather has been reported in several epidemiological studies, and
recent reviews assess that literature and the less extensive body of work on other health
outcomes.[1,3,4] Other reports show associations between heat exposure and cause-specific
hospital admissions,[5–7] but these can be inconsistent with the mortality associations in the
same communities. [8,9] The heat-related epidemiology literature has utilized case-control,
case-crossover, case-control and time series approaches to estimate the health burden
associated with relative and absolute measures of temperature variation.

The conclusions of these studies vary across geographical and political boundaries, but in
general, excess temperature-associated mortality, including from extreme heat events, is
expected to become more widespread geographically with increased climactic variation.[10]
Several multi-city studies from around the world [11–19] show variations in heat-mortality
associations. Community-specific models consistently illustrate different, typically non-linear,
dose-response associations with U, J or V shapes that vary by location, e.g. [11].

Clearly, local characteristics of communities and populations affect differences in health
vulnerability to heat. Often, acclimatization, whereby individuals living in higher temperature
climates have different physiological responses to heat as well as cultural and social adaptive
behaviors, plays a significant role in terms of who suffers and to what degree from heat-related
illness. The predictors of vulnerability to heat-related mortality vary across the globe. [11,13,
20,21] European studies have shown increased risk for elderly women and, by contrast to the
United States (U.S.), no difference by socio-economic position. Europeans have a much lower
proportion of residential air conditioning [1], and the decreasing trend in heat-related mortality
in the U.S. may be due to increased access to indoor air conditioning [16]. In general, morbidity
and mortality associated with heat depends on age, race, sex, class, home characteristics, access
to air conditioning, general health and living in an urban area versus a rural area.[6,17,22–
25] Vulnerability has been noted particularly among children, pregnant women, older adults,
impoverished populations, people with chronic health conditions, including diabetes, mobility
and cognitive constraints, and outdoor workers.[26] Several strategies to prevent heat-related
illness are informed by this knowledge base.
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3. Preventive strategies
3.1 Heat health warning systems

The differences between communities in terms of climate, geography, and demographics
illustrate the need for locally-tailored, short- and long-term intervention strategies. After the
heat-waves in Chicago during the 1990’s and France during 2003 and 2006, improved access
to cooling centers, increased air-conditioning prevalence, and heat health warning systems
have been implemented. A heat health warning system is a ‘system that uses meteorological
forecasts to initiate acute public health interventions designed to reduce heat-related impacts
on human health during atypically hot weather’,[27] and interventions include media
announcements, opening of cooling centers, home visits or telephone calls to vulnerable
people, and website bulletins. Such interventions have been shown to reduce excess mortality
[28], but true efficacy of these tools in reducing mortality and at which point they should be
implemented requires further study.[1] Many cities are now implementing reverse 911 calls,
where, for example, every home with a school child gets an automated call when school is
delayed for snow or other reasons. Such a system could easily be extended to target vulnerable
people during a heat warning.

3.2 Air conditioning
One proposed solution to reduce heat-related mortality and illness is to increase the use of air
conditioning by individuals.[29] Cities in the U.S. with higher air conditioning prevalence have
lower or no heat-related mortality [14,18,30]. During the 1995 Chicago heat wave, the odds
of dying during the heat wave were 70% lower among individuals with working air conditioners
than among individuals without working air conditioners [20]. Air conditioners may also offer
the added benefit of reducing air-pollution-related mortality by filtering air [31]. However, air
conditioners are not a viable heat adaptation strategy during power outages. Air conditioners
also emit heat during use, raising the ambient temperature, and often use electricity generated
by fossil fuel burning power plants. These plants release air pollutants and greenhouse gasses.
The former may result in a net increase in mortality [37], respiratory, and cardiovascular disease
[38]; the latter may exacerbate the need for adaptation measures. Cooling centers may provide
air conditioning more efficiently and reach a larger number of people unable to afford air
conditioning in their own homes. However, cooling centers as a heat mitigation strategy require
that individuals have transportation to and recognize when they need to go to the centers. Other
heat mitigation strategies have focused on the design of urban areas, as described next.

3.3 Increasing albedo and planting trees
Studies of the urban heat island effect (whereby air temperatures in an urban area are 1–5° C,
higher than in a nearby rural area) have shown that the albedo, or reflectivity, of an urban area
is one of the most important determinants of the magnitude of the heat island. [32,33]
Simulation studies of reductions in city-wide albedo produced modest, though significant,
reductions in air temperature of 1–3.5° C. [34–37]

Increasing the canopy cover may also reduce air temperature by 1–3° C. [38,39] Green roofs,
or plantings on roofs, may also decrease the urban heat island effect and decrease storm water
runoff and building energy use.[40] Increasing albedo and vegetation may also reduce ground-
level ozone and lower energy costs associated with air conditioning use. [37,38]

Some simpler models of these effects, for use by planners and policy makers, have been
developed. A preliminary resource is the Urban Heat Island Mitigation Impact Screening Tool
(MIST).[41] This simplified tool allows the user to select from 170 U.S. cities and enter changes
in albedo and vegetation to estimate effects on air temperature, ozone and energy use. Other
simple models estimating the change in heat island intensity associated with changes in urban
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features include an energy balance model [42] and a modified version of an air pollution model
(TAPM).[34] These models do not estimate economic or health benefits, and little research
exists comparing costs and benefits of these mitigation strategies in terms of health care savings
and potential decreases in mortality.

3.4 The role of local action
Given that extreme heat events and their impacts on health and well-being generally take place
at the local level, the involvement of local decision-makers is critical in recognizing the risk
to their communities and effectively deploying preventive measures during hot weather. Local
governments may underestimate the risk of extreme heat events because they may be more
subtle and insidious than more dramatic events such as hurricanes or floods; but given the high
degree of certainty that temperatures will rise overall and lead to more intense and frequent
extreme heat events, and the high likelihood that this will lead to more heat-related illnesses
and death, this recognition is vital. Unlike other climate impacts that may require costly long-
term adaptation measures, such as building sea walls or moving infrastructure to cope with
anticipated sea level rise, multiple effective and relatively low-cost preventive measures can
be taken by local governments to reduce risk during hot weather. These preventive measures
can be classified as short-term education and public health response systems, such as education
campaigns regarding heat stress symptoms and heat health warning systems. Additionally,
long-term program infrastructure improvements that lower heat in communities (such as urban
heat island mitigation and tree planting) can be implemented.

Using dynamic, evidence-based tools in planning for extreme heat events can provide helpful
information for short term and long term strategies to reduce morbidity and mortality related
to heat. These tools can be used on a national as well as local level by community leaders,
public health officers, emergency planners and urban planners. Information such as
epidemiologic analyses and qualitative studies can inform short-term strategies for a given
area. Data that can inform these short-term strategies also includes vulnerability mapping, and
the costs and benefits of using air conditioning given its influence on both energy use and air
pollution. Long-term measures can complement the short-term measures where they share
similar goals.

Figure 1 provides a diagram of the variety of actors and information needed to inform
development of these prevention programs. We next discuss decision tools available to inform
these local preventive programs

4. Decision tools
Decision-tools can help communities better understand location-specific heat-health
associations and vulnerabilities, and the available infrastructure for implementing prevention
programs. Such tools ideally allow for use of community-specific information on heat-health
associations, population characteristics, settlement patterns, transportation, energy use, climate
and other factors.

4. 1 Quantifying health benefits of specific actions
An adaptable framework for evaluating short- and long-term intervention strategies to reduce
heat-related illness exists in the Climate and Air Pollution Planning Assistant (CAPPA)
decision tool.[43] This tool, developed for use by local government agencies, produces
estimates of cost-savings and air pollutant reductions related to “green” infrastructure
improvements in communities. Recent work has shown that sustainability initiatives aimed at
reducing energy consumption in communities may have a positive benefit on human health by
reducing heat-related, air pollution, and infectious disease. [44]. Currently, the CAPPA tool
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lacks a human health component. The U.S. Environmental Protection Agency has, however,
developed a tool for evaluating health benefits of pollution reductions, and an extension to
health benefits related to heat exposure reduction is conceivable.[45]

4.2 Vulnerability mapping
Vulnerability mapping can be used to help visualize risk to certain populations within a
community. Vulnerability is defined in one instance as the summation of all risk and protective
factors that ultimately determine whether an individual or subpopulation experiences adverse
health outcomes.[26] In the case of heat, both potential exposure to heat, as indicated by land
cover and air conditioning availability, and potential individual susceptibilities, as indicated
by age and chronic health conditions, can be inputs into a vulnerability map.[46] Targeting the
most vulnerable in a population can help direct implementation of prevention programs and
decisions about what strategies are most beneficial. For example, the social vulnerability in
the city of Chicago from 2004 to 2007 was examined by mapping census tract demographic
variables, crime incident data and heat related dispatches to determine which variables, if any,
were correlated with heat related illness.[25] Most cities are inadequately informed on where
the most vulnerable people live and which areas of a city are most at risk for an extreme heat
event.[47] Geographic and geospatial technologies can help identify who is most at risk.

A simple example of data inputs for vulnerability mapping is shown in the Figure 2 for Wayne
County, Michigan, U.S. Overlaying maps with various information, such as land cover data
(% imperviousness), with various census tract variables that relate to vulnerable populations
(below the poverty line, non-white), gives an idea where social vulnerability may intersect with
higher heat exposure potential. Vulnerability mapping can include socioeconomic variables,
thermal remote sensing resources, numbers of heat-related dispatch calls, and surveillance
programs that record chronic disease prevalence from a certain area.

4.3 Other web-based tools
Fourteen universities in the United Kingdom are participating in a multi-institutional research
program to produce a decision based tool about extreme weather events.[48] The Crew, or
Community Resilience to Extreme Weather, is developing a tool kit to support decision making
and improve community capacity to adapt to extreme weather. A set of web-based tools will
enable mapping of potential future weather events, assessing their impacts under various
scenarios and evaluating a range of coping measures, as described at
www.extreme-weather-impacts.net. This is just one example of an effort to gather information
from multiple disciplines and apply it to tools to support local programming.

5. A new decision tool for developing local heat illness prevention programs
As part of a similar multi-disciplinary collaboration between researchers and local
governments, we propose to integrate information about heat health vulnerability, risk and
adaptation options into a new computer-based interactive tool designed to guide local
governments through a comprehensive adaptation planning and implementation process. This
new tool, being developed by International Council for Local Environmental Initiatives
(ICLEI)-Local Governments for Sustainability USA and tentatively titled the Resiliency
Planning Workbook Series, will guide local government decision makers and emergency
planning agencies through an adaptation planning process known as the Five Milestones for
Climate Adaptation. (Table 1) Heat health will be featured as a detailed example throughout
the Five Milestone process, to insure that local governments consider this issue as they work
towards developing and implementing a robust climate adaptation plan.
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In Milestone 1, when local governments form an adaptation planning and implementation team,
they are prompted to recognize that public health impacts will be an important aspect of
effective climate change adaptation, and to include public health officials on their adaptation
planning team.

In Milestone 2, local governments assess which impacts they are vulnerable to and which
groups and locations within their communities are most at risk, and prioritize the impacts they
will focus on in the near-, mid-, and long-terms. Excessive heat will be included as a detailed
example to illustrate how local governments can include this impact in their assessment.

The example will involve compiling data from published epidemiologic studies estimating the
percent increase in mortality and morbidity (hospital admissions and emergency room
admissions) for each degree increase in temperature. We will divide U.S. localities into five
climate regions using the mean annual temperature as a criterion, since prevailing climate in
an area is a determinant of how sensitive a population's health is to given absolute or relative
temperatures and weather conditions. Then we will average the health effect estimates from
localities belonging to each region using meta-analysis techniques to provide an overall
estimate of percent excess deaths and hospital admissions associated with hotter temperatures
for each region. By obtaining the baseline mortality and morbidity rates (events per day) for a
large number of communities in the U.S., and multiplying this baseline by the percent excess
corresponding to the each community's climate region, we can quantify the estimated excess
deaths and illnesses related to heat.

Then, in Milestone 3, local governments will assess their options for adapting to the impacts
they have identified as priorities. Options for preventing or reducing heat-related illness and
death, and guidance in choosing the right options will be provided, with a detailed example of
how to include such measures in their climate resiliency plan. Heat health will also be featured
as a detailed example in the workbooks for Milestone 4, implementing the plan, and Milestone
5, monitoring and evaluating.

Once the heat health example and supporting information are developed and integrated into
the workbooks, we intend to convene meetings, in person and using virtual technology, to
introduce this tool to potential users and provide guidance on implementing both the short-
term prevention programs and urban infrastructure interventions. In the long-term, the goal is
to have the tool accessible on the web so that it could be used by communities around the world;
currently, the focus is on U.S. communities.

Further results of this study will be integrated into the guidance provided in the workbook as
follows: We will roughly estimate how particular measures might reduce these health impacts
according to the amount by which each particular strategy is able to lower temperature. The
workbook user will then select his/her region of the country, quantify the benefits of measures
that reduce ambient air temperature and compare these benefits to the costs of implementing
such measures, for which estimates will be provided. Table 2 is a prototype of the kind of
information that a user might be able to view after putting in their locale-specific information.

6. Discussion and conclusions
Ample evidence exists that exposure to high temperatures can result in a variety of adverse
health effects, including death, and preventing such effects requires a range of intervention
types. With climate change increasing the frequency of hot weather, among other effects,
multiple collaborations worldwide are attempting to apply research results to prevention efforts
that are both sustainable and effective at the local level.
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Some of the challenges inherent in this type of work, and specifically to developing decision
tools of the sort we have described, include:

1. quantifying the temperature exposure reductions from certain interventions; this is
much less straightforward than quantifying air pollution exposure reductions, which
is in itself challenging

2. weighing the benefits of air conditioning in reducing heat exposure with its energy,
health and environmental costs

3. properly communicating uncertainty about estimates of these benefits to local
decision-makers

4. projecting how societies will adapt to climate change

5. assigning a value to health care cost savings and lives saved

These challenges are discussed in more detail in recent publications.[49,50], and further
research in these areas will assist in moving the field forward. In spite of such challenges, the
proliferation of multidisciplinary collaborations and public programs to prepare for climate
change is testament to the need for all sectors to work together to improve health and
environmental sustainability, both related to heat exposure and other conditions.
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Figure 1.
Local prevention of heat related morbidity and mortality
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Figure 2.
Potential vulnerability mapping inputs: Quintiles of percentage mean impervious surface by
census tract from the 2001 National Land Cover Data (satellite images), and quintiles of percent
non-white population (a variable highly correlated with socioeconomic disadvantage in the
U.S.) from the 2000 U.S. Census, Wayne County, Michigan USA
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Table 1

ICLEI USA's Five Milestones for Adaptation as described in Preparing for Climate Change: A Guidebook for
Local, Regional and State Governments*

MILESTONE 1: Initiate your climate resiliency effort
•Scope the climate change impacts expected in your region
•Pass a resolution or administrative order directing your government to prepare for climate change
•Build and maintain support to prepare for climate change
•Build your climate change preparedness team
•Identify your planning areas relevant to climate change impacts
MILESTONE 2: Conduct a climate resiliency study
•Analyze the change climate impacts to your major sectors
•Conduct a climate change vulnerability assessment
•Conduct a climate change risk assessment
•Prioritize planning areas for action
MILESTONE 3: Prioritize adaptation actions and develop implementation plan
•Develop, select and prioritize your preparedness actions
•Create a plan to fund and carry out actions
MILESTONE 4: Implement your preparedness plan
•Ensure that you have the right implementation tools
MILESTONE 5: Measure your progress and update your plan
•Track progress toward meeting implementation goals
•Update your plan to reflect experience and new information

*
The Guidebook was produced by ICLEI USA in collaboration with the Climate Impacts Group at the University of Washington and staff of King County,

Washington, with funding from the National Oceanic and Atmospheric Association (NOAA)
http://www.icleiusa.org/library/documents/action-center/Adaptation_Guidebook.pdf
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