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FOREWORD

This document provides responses to public comments on the U.S. Environmental Protection Agency’s
(EPA’s) Proposed Endangerment and Cause or Contribute Findings for Greenhouse Gases Under Section
202(a) of the Clean Air Act, published at 74 FR 18886 (April 24, 2009). EPA received comments on
these Proposed Findings via mail, e-mail, and facsimile, and at two public hearings held in Arlington,
Virginia, and Seattle, Washington, in May 2009. Copies of all comment letters submitted and transcripts
of the public hearings are available at the EPA Docket Center Public Reading Room, or electronically
through http://www.regulations.gov by searching Docket ID EPA-HQ-OAR-2009-0171.

This document accompanies the Administrator’s final Endangerment and Cause or Contribute Findings
for Greenhouse Gases Under Section 202(a) of the Clean Air Act (Findings) and the Technical Support
Document (TSD), which contains the underlying science and greenhouse gas emissions data.

EPA prepared this document in multiple volumes, with each volume focusing on a different broad
category of comments on the Proposed Findings. This volume of the document provides responses to
public comments regarding human health and air quality.

In light of the very large number of comments received and the significant overlap between many
comments, this document does not respond to each comment individually. Rather, EPA summarized and
provided a single response to each significant argument, assertion, and question contained within the
totality of comments. Within each comment summary, EPA provides in parentheses one or more lists of
Docket ID numbers for commenters who raised particular issues; however, these lists are not meant to be
exhaustive and EPA does not individually identify each and every commenter who made a certain point in
all instances, particularly in cases where multiple commenters expressed essentially identical arguments.

Several commenters provided additional scientific literature to support their arguments. EPA’s general
approach for taking such literature into consideration is described in Volume 1, Section 1.1, of this
Response to Comments document. As with the comments, there was overlap in the literature received.
EPA identified the relevant literature related to the significant comments, and responded to the significant
issues raised in the literature. EPA does not individually identify each and every piece of literature
(submitted or incorporated by reference) that made a certain point in all instances.

Throughout this document, we provide a list of references at the end of each volume for additional
literature cited by EPA in our responses; however, we do not repeat the full citations of literature cited in
the TSD.

EPA’s responses to comments are generally provided immediately following each comment summary. In
some cases, EPA has discussed responses to specific comments or groups of similar comments in the
Findings. In such cases, EPA references the Findings rather than repeating those responses in this
document.

Comments were assigned to specific volumes of this Response to Comments document based on an
assessment of the principal subject of the comment; however, some comments inevitably overlap multiple
subject areas. For this reason, EPA encourages the public to read the other volumes of this document
relevant to their interests.
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5.0 Impacts and Risks to Public Health and Welfare: Human Health and Air Quality
5.1 Human Health
General Issues

Comment (5-1):

Commenters (e.g., 0329, 2750, 3136.1, 3394.1, 3462.1, 3449.1:10, 3747.1, and 7020) state that specific
aspects of the climate impacts evidence summarized in the Technical Support Document (TSD) with
respect to human health do not support the Administrator’s endangerment finding.

Response (5-1):

The specific issues that underlie these comments are addressed in the responses throughout this volume,
and other volumes of the Response to Comments document. With regard to the commenters' conclusion
that the current science does not support an endangerment finding with respect to human health and air
quality, we disagree based on the scientific evidence before the Administrator. See the Findings, Section
IV.B, “The Air Pollution is Reasonably Anticipated to Endanger Both Public Health and Welfare,” for
details on how the Administrator weighed the scientific evidence underlying her endangerment
determination in general, and with regard to the human health and air quality in particular.

Comment (5-2):

A commenter (3394.1) acknowledges the paucity of studies addressing “the interaction effects of multi-
sector climate impacts (they may be nonlinear) or of interactions between climate change health impacts
and other kinds of local, regional, and global changes,” and indicates that the U.S. Environmental
Protection Agency’s (EPA’s) analysis demonstrates that the Agency assumes that such studies would
demonstrate additional negative impacts as opposed to possible benefits or the potential for mitigation.
The commenter notes EPA may not properly substitute speculation for adequate information.

Response (5-2):

The sentence the commenter is quoting was taken from the introduction of Section 7 of the TSD
associated with the Advanced Notice of Proposed Rulemaking (ANPR) for this action. We have revised
this statement in response to these comments and it now reads: “There are few studies that address the
interactive effects of multiple climate change impacts or of interactions between climate change health
impacts and other kinds of local, regional, and global socioeconomic changes (Field et al., 2007).” The
commenter interprets this statement as evidence that the Agency is speculating in the absence of adequate
information.

We disagree, and note that the next sentence following the one highlighted by the commenter summarizes
another key finding from the Intergovernmental Panel on Climate Change (IPCC): “For example, climate
change impacts on human health in urban areas will be compounded by aging infrastructure, maladapted
urban form and building stock, urban heat islands, air pollution, population growth, and an aging
population (Field et al., 2007).” In addition, the TSD summarizes the U.S. Climate Change Science
Program (CCSP) findings that vulnerability is the summation of all the factors of risk and resilience that
determine whether individuals experience adverse health impacts, and that climate change is very likely
to accentuate the disparities already evident in the American health care systems, as many of the expected
health effects are likely to fall disproportionately on the poor, the elderly, the disabled, and the uninsured
(Ebi et al., 2008).

EPA has not speculated that there would be negative impacts. We have carefully reviewed the TSD, and
conclude we have summarized the conclusions of the scientific assessment literature for both positive and



negative impacts. We note that the commenter has failed to cite any scientific literature to the contrary.
Further, we note EPA has summarized both beneficial and adverse impacts of climate change that
throughout the TSD. The assertion that the Agency is focusing on negative impacts and ignoring
beneficial impacts is incorrect.

Finally, see the Findings, Section I11.C, “Adaptation and Mitigation,” for our response to comments on
the treatment of adaptation and mitigation in the Findings.

Comment (5-3):

At least one commenter (3497.1) indicates that EPA in the endangerment finding has failed to consider
health benefits from increases in carbon dioxide (CO;). The commenter argues that any reductions in CO,
increase the potential loss of agricultural product and threaten sufficient food supply and that we must
maintain and increase our ability to produce food and fiber for a growing population. The commenter
states that not having food, i.e. starvation, is a real human health hazard. Similarly, another commenter
(2818) states that “if there is not enough food, if there is not enough water, then chronic diseases, heart
disease, diabetes, as serious as those problems are, they really don’t mean as much if there is not enough
food and water to go around.”

Response (5-3):

We examined the TSD and Findings in light of this comment, and conclude that the issues the commenter
raises are addressed. First, the TSD addresses the beneficial and adverse effects of climate change on food
production and agriculture in Section 9, and the scientific literature on CO, fertilization is discussed
therein. See Volume 6 of the Response to Comments document for responses to comments on issues
associated with food production and agriculture. Second, the impacts of climate change on water quantity
and quality are discussed in Section 11 of the TSD, and responses to comments on these issues are
provided in Volume 7 of the Response to Comments document.

Lastly, see the Findings, Section 1V.B, “The Air Pollution Is Reasonably Anticipated to Endanger Both
Public Health and Welfare,” for our response to comments on how the Administrator weighed the
scientific evidence underlying her endangerment determination. In addition, see Response to Comments
Volume 9 for our responses to other significant comments on how evidence of specific climate impacts
was considered in the Administrator’s endangerment finding. Also see the Findings, Section I11.C,
“Adaptation and Mitigation,” for our response to comments on the treatment of adaptation and mitigation
in the Findings.

Comment (5-4):

A commenter (1468) states that if increased concentrations of the minor greenhouse gases (GHGS)
including CO, have any significant warming effect (which is highly debatable), they could conceivably
contribute to a warmer world that would be more propitious for human beings.

Response (5-4):

EPA disagrees with the commenter’s assertion that the scientific literature does not suggest that increased
concentrations of GHGs such as CO, affect temperatures. See Volume 3 of the Response to Comments
document, “Attribution of Observed Climate Change,” for responses to comments on the attribution of
climate warming.




With respect to the commenter’s general assertion that a warmer world would be better for human beings,
we note that many commenters provided specific comments on this issue. See responses to other
comments in this volume regarding the health impacts associated with a warmer world.

Comment (5-5):

A commenter (4003) indicates that perhaps the most significant indicator of all that the U.S. population
does not seem to have been adversely affected by any vulnerabilities, risks, and impacts that may have
arisen as the result of human-induced climate change is the increase in life expectancy, and provided the
figure below. Similarly, several commenters cite the Nongovernmental International Panel on Climate
Change (NIPCC) (ldso and Singer, 2009), which concludes that observations demonstrate that if the
increases in temperature and CO; concentrations of the past two centuries were bad for our health, their
combined negative influence was minuscule compared to whatever else was at work in promoting this
vast increase in worldwide longevity.
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Figure 3-5: Life Expectancy at Birth in the U.S.

Source: hitp:/fwww.cde.govinchs/data/hus/hus07.pd f#027
Source: Commenter 4003, from Carlin, 2009

Response (5-5):

In light of this comment, we have reviewed the cited literature and examined the issue in the context of
this action. We note that life expectancy over the last century in the United States (and globally) is
determined by several factors, many of which are non-climatic (i.e., advances in health care,
infrastructure, technology, and wealth). The chart provides no insight into the risk or trend of any specific
factor on life expectancy. We also conclude that this measure is of limited meaning in the context of the
evaluation of risks due to a changing climate, which can occur via various pathways. The single metric of
life expectancy does not convey or provide information on the risks associated with changes in climate
and whether or not they are increasing, either in the past or in the future. For example, were a particular
epidemic to occur within this trend it may or may not be evident; however, this does not mean it is not of
serious concern to public health.

While the commenter notes that this increase in life expectancy has occurred despite increasing
temperatures and CO, levels, it does not represent future conditions in which climate is likely to become
warmer and with likely more variable precipitation. The fact that public health measures are very
effective (i.e., we do not have many cases of certain diseases) does not mean that the risk is not present or
increasing. In addition, our prevention measures are not 100% effective and there remain concerns about
potential risks (e.g., new diseases), growing resistance to antibiotics, reduction in effectiveness of vector-
control measures over time, and an aging sanitation and drinking water infrastructure. See the Findings,
Section I1V.B, “The Air Pollution Is Reasonably Anticipated to Endanger Both Public Health and
Welfare,” for our response to comments on how the Administrator weighed the scientific evidence
underlying her endangerment determination.



Comment (5-6):
A commenter (11348) indicates that we need more research on direct and indirect health effects of climate
change, and more effort in adaptation, given the impossibility of preventing natural events.

Response (5-6):

Though EPA agrees more research would be valuable on the direct and indirect health effects of climate
change, the current state of knowledge of the current and future risks of climate change and public health
provides sufficient support basis for the Administrator’s determination. Please refer to the Findings,
Section I11.A, “The Science on Which Decisions Are Based,” and Section I1V.B, “The Air Pollution Is
Reasonably Anticipated to Endanger Both Public Health and Welfare,” for our response to comments on
how the Administrator weighed the scientific evidence underlying her endangerment determination. See
the Findings, Section I11.C, Adaptation and Mitigation, for our response to comments on the treatment of
adaptation and mitigation in the Findings.

Comment (5-7):

A commenter (3136.1) asks why EPA includes the parenthetical “but may be modulated by public health
measures” after the expanded range of vector-borne and tick-borne disease in the ANPR TSD. This
applies equally to all of the other bullets in this section. The commenter states that there is conclusive
evidence that public health measures have successfully reduced our sensitivity to heat waves (Davis et al.,
2003a, 2003b).

Another commenter (3722) indicates that the fundamental factor which EPA repeatedly discounts or
ignores in its Proposed Findings is human adaptability to temperature change. This adaptability, which
underlies the increased life expectancy and improved health in U.S. cities and cities throughout the world
over the last 100 years, despite increases in temperatures (of 4°C or more), is the single most important
factor which has to be taken into account in predicting the health effects of future warming. In addition,
studies in the United States indicate the importance of human adaptation in mitigating the mortality
effects of climate. The commenter references Davis et al. (2003), which indicates that a 74% drop in heat-
related deaths occurred despite an average increase in temperature of 1.0°C during the same period.

Response (5-7):

See the Findings, Section 111.C, “Adaptation and Mitigation,” for our response to comments on the
treatment of adaptation and mitigation in the Findings.

With respect to the specific comment regarding the referenced parenthetical, we note that it is based on a
specific IPCC (Field et al., 2007) finding and associated underlying scientific literature. Thus, we disagree
with the commenter that it applies to all of the other bullets in this particular section. However, we note
that Section 7(c) of the April 2009 version of the TSD, also notes an Intergovernmental Panel on Climate
change (IPCC) conclusion that indicates more broadly that human health risks from climate change will
be strongly modulated by changes in health care, infrastructure, technology, and accessibility to health
care (Field et al., 2007). In response to these comments, and in acknowledgment that measures to
modulate human health risks apply more broadly, we have revised the final TSD by moving the following
language toward the beginning of Section 7:
“The IPCC concludes that human health risks from climate change will be strongly modulated by
changes in health care, infrastructure, technology, and accessibility to health care (Field et al.,
2007). The aging of the population and patterns of immigration and/or emigration will also
strongly influence risks (Field et al., 2007).”



While EPA finds that risks to human health can be reduced by investments in countermeasures, we
conclude that this does not eliminate risk, especially to populations vulnerable to the array of direct and
indirect health effects associated with climate change. EPA is familiar with the studies by Davis et al.
(20034, 2003b) but notes that net mortality is based on several factors beyond the influence of
preventative and adaptive measures. Please refer to responses 5-24 and 5-48 for further discussion of
Davis et al. (2003a; 2003b) in the context of temperature effects.

Comment (5-8):

A commenter (0329) asks the following questions: “Will the EPA recommend to U.S. lawmakers that
population within the borders of the U.S. be limited by artificial means to further reduce emission of
greenhouse gases? Can the EPA guarantee that if the U.S. curtails its production of greenhouse gases that
citizens will see a notable and measurable improvement in the economic, social and medical standard of
living within the U.S.? If GHG are “hazardous” to human health how many days/months/years will the
average life expectancy of U.S. citizens be increased by implementation of controls?” Another

(2818 _GGG) wonders if EPA will require permits for having children given the contributions of
human respiration and digestion to CO, and CH,. One commenter (3712.1) claims that regulating
CO, will regulate all activities, increasing prices for the poor and elderly, and restricting the amount of
life that can be allowed to exist. Similarly, commenter (9717) worries that because people emit CO, in
proportion to their weight that fat people will be taxed.

Response (5-8):

EPA notes that all of the commenters’ questions focus on methods and implications of greenhouse gas
(GHG) controls, which are not the focus of this action. This action concerns the Administrator’s
determination regarding whether GHG pollution is reasonably anticipated to endanger public health and
welfare. In this action, EPA is not recommending any specific responses be taken to reduce greenhouse
gases, and questions regarding the nature and effectiveness of measures to reduce greenhouse gas
emissions are outside the scope of this action. When and if EPA proposes regulatory action to control
greenhouse gas emissions, it would be accompanied by a regulatory impact analysis which would
examine the costs and benefits of the specific proposed regulatory actions, and the public would have the
opportunity to comment on any proposals.

We also want to state clearly that EPA has not, is not and does not plan to recommend any of the concepts
raised by commenters (e.g., limiting population “by artificial means”, requiring “permits for having
children”, “restricting the amount of life that can exist”). Further, it is unclear to us where the
commenters got these ideas, as it is well known that CO, emissions from human respiration are not an
emission source of concern, and are not contributing to the atmospheric buildup of CO,. Human
respiration of CO, is part of a closed system. There can be no net addition of CO, to the atmosphere
because the amount of CO, people exhale cannot be greater than the carbon people put into their bodies

by eating plants, or eating animals that eat plants.

Comment (5-9):

A commenter (11350) indicates that global warming could lead to human extinction, and the
Administrator is justified in taking the most extreme measures to stop GHG pollution. The commenter
references a book by Brian Fagan, “A Long Hot Summer” (Fagan, 2004) as evidence of “how Global
Warming could lead to the extinction of Homo Sapiens by the year 2030.”

Response (5-9):




EPA acknowledges that the risks and impacts of climate change are occurring now and will continue to
increase over this century; however, EPA notes that the underlying scientific literature does not include
predictions of human extinction.

Comment (5-10):

A commenter (4946) indicates that EPA’s Proposed Findings make the case for action by demonstrating
that climate change threatens “virtually every facet of the living world around us” and that its effects
include “sickness and death.” While coal plants are a major source of global warming pollution, it is clear
that emissions from new motor vehicles and new motor vehicle engines contribute to global warming
pollution too. The commenter applauds EPA for using its authority under the Clean Air Act to take action
to protect us from the pollution that causes global warming and urge you to move rapidly by finalizing
these determinations and issuing strong new rules to control global warming pollution and provide a
sound foundation for our economy.

Response (5-10):

The commenters’ view that this action demonstrates that climate change threatens human health is
consistent with the Findings. The comments on GHG emission sources are generally consistent with the
scientific literature summarized in the TSD on this issue.

Comment (5-11):

A commenter (8320) submits information and references on the potential health effects of global climate
change. The commenter discusses the following topics: extreme heat events, wildfires, vector-borne
diseases, water-borne diseases, air quality and human heath, aeroallergens and allergies, environmental
justice, and the vulnerability of children to effects from air quality. The commenter stresses that “climate
change will alter the global environment and present major challenges to the health and welfare of
children.”

Response (5-11):

EPA has reviewed the submitted comments and associated references, and finds that they include several
very recent and relevant studies (e.g., St. Louis and Hess, 2008; Patz et al., 2008; Jerret et al., 2009) that
confirm the scientific support for health related impacts summarized in the TSD.

In one example, Luber and McGeehin (2008) call extreme heat events “the most prominent cause” of
weather-related human mortality in the United States, noting that they are responsible for more deaths
annually than hurricanes, lightning, tornadoes, floods, and earthquakes combined. We note that the
recently released U.S. Global Change Research Program (USGCRP) report (Karl et al., 2009) also
concludes that mortality from heat is the number one weather-related cause of death and cites an analysis
of nine U.S. cities showing that deaths rise with increases in temperature and humidity with no
confounding or effect modification due to air pollution (Zanobetti and Schwartz, 2008).

Another recent study (Jerret et al., 2009) provided by the commenter indicates that high levels of ground-
level ozone can increase the risk of asthma-related hospital visits and premature mortality and that the
effect of long-term exposure to ozone on air pollution—-related mortality was not known. The study
indicates that ozone exposure is associated with the risk of death from respiratory causes, and that long-
term, low-level exposure can be lethal. Researchers studied the outcomes of almost 500,000 adults in 96
metropolitan regions who enrolled in the American Cancer Society Cancer Prevention Study in 1982 and
1983 and were tracked for an average of 18 years. In addition, the study by Jerrett et al. (2009) looked at
associations between ozone concentrations and the risk of death, in a single-pollutant model and in a two-



pollutant model with fine particulate matter (PM,5s). In two-pollutant models, researchers demonstrated a
significant increase in the risk of death from respiratory causes in association with an increase in ozone
concentration. The study found that every increase in 10 parts per billion (ppb) in average ozone
concentrations was associated with a roughly 4% increase in mortality from respiratory causes. This
translated in Los Angeles to a 43% increase in the risk of dying from respiratory causes. Eastern cities
like New York and Washington had an average increased risk of about 25% to 27%. EPA concludes this
study fills important knowledge gaps in health impact literature from increases in ozone exposure (at low
levels).

Another study provided by the commenter provides evidence of vector-borne disease shift attributed to
climate. For example, in Europe, geographic shifts in the tick’s distribution have been attributed to
climate change. An expansion of the tick’s range into higher elevations in the Czech Republic
corresponded to rising temperatures. A shift toward higher latitudes in Sweden corresponded to a
reduction in the number of very cold winter days (Gage et al., 2008).

Based on review of the cited literature from the commenter, we conclude that the information provided is
generally consistent with, and in several cases even stronger than the assessment literature summarized in
the TSD.

Comment (5-12):

A commenter (3402) indicates that the Earth is a dynamic system of balance, and all living things have a
stake in the health of our shared atmosphere. While CO, as a gas is as critical as oxygen to life on Earth,
like oxygen it becomes a toxin when the balance of concentration is disrupted. We must achieve
atmospheric balance to protect not only human health, but also that of all living things. The commenter
also indicates that her son is sensitive to air quality and notes there is a strong correlation between his sick
days and poor air quality. The commenter indicates that, to protect public health and wellbeing, we must
reduce health risks to those suffering from allergies. The commenter notes that warming climates have
resulted in an earlier and longer allergic pollen season. She states: “Global warming pollution threatens
the well being of today’s youth as well as the future generations. Increased GHG emissions and climate
change are putting more and more of our cities and communities in violation of air pollution standards.
Children are most susceptible to these changes, particularly African American children who are more
likely to be affected by asthma than their Caucasian counterparts.”

Response (5-12):

We note the commenter’s perspective and recognize that the risks and impacts mentioned by the
commenter, while not supported by specific scientific literature, are in some cases the same impacts as
those based on the scientific literature and summarized in the TSD. For example, the TSD notes that
specific subpopulations may experience heightened vulnerability to climate-related health effects. As
summarized in the TSD, climate change is very likely to accentuate the disparities already evident in the
American health care system as many of the expected the health effects are likely to fall
disproportionately on the poor, the elderly, the disabled, and the uninsured. The CCSP (Ebi et al., 2008)
also notes that “climate can also affect the incidence of diseases associated with air pollutants and
aeroallergens (Bernard et al., 2001).” The TSD summarizes the IPCC on the impact of climate change on
ozone and particulate matter (PM), which states that “future climate change may cause significant air
quality degradation by changing the dispersion rate of pollutants, the chemical environment for ozone and
PM generation and the strength of emissions from the biosphere, fires and dust.”

Comment (5-13):




Commenter(s) (2895) indicate that the World Health Organization (WHO) estimates that global warming
is already responsible for 150,000 deaths and 5 million illnesses each year. The commenters note that
these have come in the form of malnutrition, diarrhea, and vector-borne diseases like malaria and dengue
fever. So far they have occurred predominantly in poor and developing countries; ironically, the countries
that contribute the least to global warming are the most susceptible. The health impact of climate change
is also evident here in the developed world, the commenters state, and will be increasingly felt if we do
not take action.

The commenters state that there are four main categories of health effects:

Increased frequency, duration, and intensity of heat waves. The associated health problems of
heat cramps, heat exhaustion, and heat stroke will be become increasingly common. The very old
and very young are especially vulnerable, as well as those who are poor, socially isolated or who
have chronic illnesses.

Increased air pollution. Increased temperatures cause increased production of ground level
ozone, the main component of smog. This will increase rates of asthma and other respiratory
diseases. It also makes breathing difficult for those who already have cardiac or respiratory
ailments. Pollen production and allergies are also increasing as a result of increased CO,
concentrations.

Infectious diseases. Climate change is altering the range of disease-carrying organisms. West Nile
virus carried by mosquitoes was not as prevalent in the United States until recently. More than
25,000 cases and more than 1,000 deaths have been recorded.

Extreme weather events. This includes severe storms, increases in both drought and flooding, and
associated features such as erosion and wild fires. The commenter indicates that we simply do not
have the public health capacity to respond to increasing numbers of large-scale disasters that are
difficult to predict.

Response (5-13):

EPA acknowledges the health effect categories as listed by the commenter and recognizes the rapid
emergence of research and published literature on health effects associated with climate change. The TSD
summarizes key conclusions of IPCC (2007), based on their review of over 500 articles on the effects of
heat and cold; wind, storms, and floods; drought, nutrition, and food security; food safety; water and
disease; air quality and aeroallergens and disease; vector-borne, rodent-borne, and other infectious
diseases; occupational health; and ultraviolet radiation. The TSD also summarizes the conclusions of the
recently released USGCRP report (Karl et al., 2009), which describes global climate change impacts for
the United States. This report provides further evidence of the scope and magnitude of health effects, both
direct (e.g., increased morbidity from heat waves or floods) and non-direct (e.g., increased or alteration in
the spread and transmission rates of infectious diseases). As noted by the commenter, the literature shows
poor countries and communities are likely to be disproportionately impacted by climate change health
risks. For example, IPCC notes that adverse health impacts will be greatest in low-income countries and
those at greatest risk include—in all countries—the urban poor, the elderly and children, traditional
societies, subsistence farmers, and coastal populations (high confidence, Confalonieri et al. 2007).

Comment (5-14):

Commenters (3226, 3248, 4036.5) cite and submit a 2009 report published in Lancet (Costello et al.,
2009). Similarly, a commenter (3226) submits an article from the Grist Web site entitled “New Lancet
Report on Health and Social Effects of Climate Change” (Roberts, 2009). The commenters highlight the
importance of the findings in the report with regard to public health effects from climate change.




Specifically, the commenters note from the report that “climate change is the biggest global health threat
of the 21% century.”

Response (5-14):

EPA has carefully reviewed the cited reference and notes that it relies heavily on IPCC (2007) reports and
other sources of information summarized in the TSD. We note that the although the report (Costello et al.,
2009) focuses on global health and the TSD has a primary focus on U.S. impacts, the overall conclusions
on impacts and effects to human health and vulnerable populations are generally consistent with the TSD.

Comment (5-15):
A commenter (3574.1) indicates that ozone is detrimental to human health and references a book as
evidence of impacts to lung function as a result of high ozone concentration (Casarett and Doull, 1991).

Response (5-15):

We have reviewed the reference and note the well-documented effects of ozone to lung function at
concentrations of sufficient levels. The TSD notes climate change is expected to increase regional ozone
pollution, with associated risks in respiratory illnesses and premature death.

Comment (5-16):

Several commenters (0296, 0489, 1470, 1529, 1548, 1582, 1586, 1672, 1807, 3280.1, 3501, 10298,
11249) express their support for the findings (and/or strong action on climate change) and describe
various health impacts resulting from climate change, including increased heat-related illnesses and
mortality, respiratory diseases, and both vector- and water-borne infectious diseases. Several commenters
(2040, 3680.1, 4171) note that multiple and severe effects of climate change on health have been
documented by numerous governmental and scientific bodies, including IPCC, CCSP, the World Health
Organization (WHO), and/or the American Public Health Association. Several commenters (4171, 11249)
provide WHO statistics regarding the number of annual deaths attributable to climate change and note
that this number is expected to rise.

Response (5-16):

EPA has carefully considered the commenters’ views, many of which are based on the same sources of
information relied upon by to summarize science impacts and risk from climate change in the TSD. As
stated in the findings, the Administrator has evaluated various health impacts, both direct (temperature
effects) and indirect (e.g., changes in climate-sensitive diseases) that occur through human-induced
climate change. For more specific information, see our responses to comments on topics throughout this
volume of the Response to Comments document.

Comment (5-17):

A commenter (6749) states that environmental factors contribute to a multitude of cancers, and expressed
concern that clean air, nutrient-rich foods, and clean drinking water are threatened by climate change. One
commenter (6733) notes an increase in skin cancers resulting from ozone depletion.

Response (5-17):

Summarizing the assessment literature, Sections 7 and 8 of the TSD summarize health effects associated
with climate change and attendant changes in air quality. The assessment literature does not highlight
changes in cancer as a likely effect of climate change.




Comment (5-18):

A commenter (0293) indicates that reducing atmospheric CO, would have the co-benefit of reducing the
disease burden of criteria pollutants, hazardous air pollutants, and other toxics, including cardiovascular
disease, pulmonary disease, cancer, neurodegenerative disorders, immunosuppression, premature birth,
and infant mortality.

Response (5-18):
See the Findings, Section I11.C, “Adaptation and Mitigation,” for our response to comments on the
treatment of adaptation and mitigation in the Finding.

Comment (5-19):

A commenter (3921.1) submits the first page of a research paper by Joachim Bormann entitled
“Memantine is a potent blocker of N-methyl-D-aspartate (NMDA) receptor channels” (1989). The
commenter provides no comments in association with the reference.

Response (5-19):
EPA confirms review of the submitted reference; however, it does not appear to address any elements of
climate change science discussed in the TSD or the Findings.

Comment (5-20):

A commenter (3501) indicates that dust storms and forest fires obviously have their own destructive
impacts on the economy, the ecosystems, and the aesthetics of the region. But they also have an impact on
public health.

The commenter indicates that air pollution from forest fires and dust storms has become commonplace in
the West for several months of the year, even sometimes in the winter, and notes that recent studies have
demonstrated that PM air pollution from forest forests may be much more toxic than that from typical
fossil fuel combustion. The commenter also states it is well known that forest fires generate atmospheric
mercury.

Response (5-20):

We note the commenter does not provide specific references for studies demonstrating that air pollution
from forest fires may be much more toxic than that from typical fossil fuel combustion, or that forest fires
generate atmospheric mercury. The climate change assessment literature does not discuss these issues and
they are, therefore, not summarized in the TSD. However, we agree with the commenter that forest fires
can have an impact on public health, and this is well-documented in the assessment literature.

Summarizing the assessment literature, Section 7(b) of the TSD notes that wildfires can increase eye and
respiratory illnesses and injuries, including burns and smoke inhalation (Ebi et al., 2008). Further
evidence comes from a study cited by IPCC (Confalonieri et al., 2007), which indicates that large fires are
also accompanied by an increased number of patients seeking emergency services for inhalation of smoke
and ash. Section 8(b) of the TSD provides additional evidence of the effects of PM from forest fires. For
example, PM emissions from forest fires can contribute to acute and chronic illnesses of the respiratory
system, particularly in children, including pneumonia, upper respiratory diseases, asthma, and chronic
obstructive pulmonary diseases (Moore et al., 2006; Confalonieri et al., 2007).
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Comment (5-21):

One commenter (3280.1), in supportive comments regarding the Findings, specifically discusses several
expected challenges to the health and welfare of children due to climate change. The commenter provides
a summary of recent studies and statements from organizations and leading officials that detail children’s
physical and social climate change health risks. The commenter lists several examples including
respiratory diseases, heat stroke, increased rates of malnutrition, and allergies.

Response (5-21):

We reviewed the materials submitted and find them generally consistent with the information summarized
in the TSD. We note that most of the studies and statements submitted (e.g., Frumkin, 2008; American
Academy of Pediatrics, 2008; Bunyavanich et al., 2003) extensively cite the assessment literature to
support their findings.

In Section 7’s summary of the assessment literature (Field et al., 2007), the TSD notes that for heat waves
populations most vulnerable to illness and death include the very young (children). Furthermore, in
Section 8(b), the TSD (summarizing Confalonieri et al., 2007) states: “Particulate matter emissions from
forest fires can contribute to acute and chronic illnesses of the respiratory system, particularly in children,
including pneumonia, upper respiratory diseases, asthma, and chronic obstructive pulmonary diseases.”

See other responses to comments in this volume for information on additional effects on human health
from climate change.

Comment (5-22):

Many commenters (e.g., 1156.1, 1672, 3383.1,, 3455.1, 3570.1, 3893, 3995, 4171, 4184, 9786, 10809,
10838) state their support for the findings, noting observed and future changes in heat waves and heat
stress as one of the environmental effects of climate change. Some commenters (e.g., 2263, 11249) state
concern for an increase in heat-related illnesses due to global warming associated with heat exposure,
including heat cramps, heat syncope (fainting), heat exhaustion, and heatstroke.

Response (5-22):

While the commenters do not provide specific supporting information, we have carefully considered their
views and statements regarding health effects of increasing temperatures and future changes in heat waves
and heat stress. We note in the TSD that the IPCC projects that severe heat waves are expected to
intensify in magnitude and duration over the portions of the United States where these events already
occur, with potential increases in mortality and morbidity, especially among vulnerable populations (e.g.,
elderly, young and frail). We note that these and other findings in the TSD support the commenters’
views with respect to temperature effects and changes in climate.

Comment (5-23):

A commenter (3347.3) alleges that EPA’s analysis of the temperature effects is flawed and violates the
Information Quality Act. The commenter contends that EPA is presenting a biased scientific record
suggesting that potential rising temperatures may cause adverse local or regional public health risks,
while ignoring equally strong or stronger evidence that rising temperature would provide offsetting
reductions in public health risk, equal or larger in magnitude according to the highest-quality scientific
evidence.

Response (5-23):
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Please see Volume 1, Section 1.5 of this Response to Comments document for EPA’s general response to
the information quality concerns submitted during the public comment process. The science upon which
the Administrator relied, including a discussion of how the literature was identified, is discussed in
Section 11 of the Findings, and our response to comments on this can be found in Volume 1 of the
Response to Comments document. This section also describes our treatment of new and additional studies
that are not incorporated into the assessment literature. EPA’s approach is fully consistent with EPA’s
IQA guidelines in accordance with sound, transparent and objective scientific practices.

For specific discussion of the balance of warming-related temperature effects and related scientific
evidence, please refer to responses in the rest of this section, and in particular, responses 5-24 and 5-27.

Comment (5-24):

Several commenters (e.g., 3347.3, 11453.1, 3187.3) note that the April 2009 TSD indicated that cold-
related deaths presently exceed heat-related deaths in the United States and that this provides evidence
that a warming climate will have beneficial effects on temperature-related mortality. Commenters note
that on page 70 of the April 2009 TSD, EPA states that 5,983 heat-related deaths were reported in the
United States between 1979 and 2002. In the same timeframe, 16,555 people died of extreme cold. A
commenter (3187.3) provides a paper by Goklany (2007), which indicates that death from extreme cold
exceed death from extreme heat.

Response (5-24):

We have revised the TSD’s estimates of heat-related deaths based on the latest findings of the assessment
literature (Karl et al., 2009). Based on these results, other supporting evidence presented in the TSD, and
additional evidence cited below, we have determined that the available literature strongly supports the
conclusion that extreme heat is, on an average annual base, the leading cause of weather-related death in
the United States. We agree that the April 2009 TSD contained statistics that could be interpreted as
suggesting that cold-related mortality has recently been higher in the United States than heat-related
mortality. The cold-related mortality statistics in the TSD from Ebi et al. (2008) are similar to those cited
by Goklany (2007). However, the methods and data for estimating heat-related mortality were recently
updated and these revised values are presented in Karl et al. (2009).

The more recent heat-related mortality numbers from Karl et al. (2009) reflect results from the Centers for
Disease Control and Prevention (CDC). CDC (2006) reports more than 3,400 deaths from 1999 to 2003
for which exposure to extreme heat was listed as either a contributing factor or the underlying cause of
death. This result of roughly 680 heat-related deaths per year is almost identical to the 689 deaths per year
from cold exposure reported by Ebi et al. (2008) and summarized in the TSD. CDC (2006) suggests that
even the revised heat-related mortality numbers may underestimate total heat-related mortality, noting:
“Because heat-related illnesses can exacerbate existing medical conditions and death from heat exposure
can be preceded by various symptoms, heat-related deaths can be difficult to identify when illness onset
or death is not witnessed by a clinician. In addition, the criteria used to determine heat-related causes of
death vary among states. This can lead to underreporting heat-related deaths or to reporting heat as a
factor contributing to death rather than the underlying cause.” This issue has long been recognized in
attempting to estimate the mortality impact of extreme heat using information from death certificates
(American Medical Association Council on Scientific Affairs, 1997). As noted in a subsequent response
(5-29), cold-related deaths are likely also underestimated. One complication with these death certificate—
based estimates of extreme cold and heat is they are not limited to periods that would be considered heat
waves or cold snaps in the location where the death occurs. Therefore, while these results are based in a
consistent methodology and data source, they have an uncertain overlap with the occurrence of the
weather events of primary interest to the TSD, cold snaps and heat waves. As a result, these data alone do
not provide strong evidence the heat-related mortality is presently greater than cold-related mortality.
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However, we note that alternative and much higher estimates of heat-related mortality come from
analyses of daily urban summertime mortality patterns in Kalkstein and Greene (1997) and Davis et al.
(2003a), which use a different methodology to compute heat-related deaths compared to CDC (2006).
These studies first define extreme heat events by identifying threshold conditions for an event in a
location and then calculate the number of extreme heat-attributable deaths based on differences in daily
deaths on extreme heat days compared to longer-term averages. In these studies, heat’s mortality impact
is quantified in terms of the excess deaths that result during the extreme heat conditions. By evaluating
changes in daily deaths attributable to all causes, this approach also effectively eliminates differences or
restriction in using certain causes of death as potential sources of bias in estimating the extreme heat’s
mortality impact. This method is also more consistent with the view that heat waves are effectively
identified through exceptional weather conditions that result in increases in daily mortality (e.g.,
Confalonieri et al., 2007; U.S. EPA, 2006a). Although differences in the time series, definitions of urban
populations, and other analytical methods prevent an exact comparison of the results in these two studies,
both studies (Kalkstein and Greene, 1997; Davis et al., 2003a) estimate that there are approximately
1,700-1,800 excess deaths per year during extreme heat events based on an evaluation of a subset of
approximately 40 U.S. metropolitan areas (see U.S. EPA, 2006a). These estimates of extreme heat’s
mortality impact are much higher than the corresponding death certificate—based estimates for heat as
well as the Ebi et al. (2008) estimate for cold-related mortality summarized in the TSD.

We also note that Davis et al. (2004) find that the net impact of the observed temperature increase from
1964 to 1998 (considering both reduced temperature mortality in winter and increased temperature
mortality in summer) was an extra 2.9 deaths (per standard million) per city per year in 28 major U.S.
cities. This indicates that extreme heat has been the larger cause of mortality in the recently observed
record when temperatures have warmed.

Furthermore, we note that the USGCRP assessment (Karl et al., 2009) specifically refers to a recent study
by Borden and Cutter (2008), which concludes heat is the most deadly natural hazard in the United States.
It also cites Medina-Ramon and Schwartz (2007), which found that in 50 U.S. cities between 1989 and
2000, extreme heat increased death rates 5.7% while extreme cold increased death rates by only 1.6%.
These results are summarized in the TSD.

Though we are aware of a recent study by Andersen and Bell (2009) that finds a similar mortality risk for
extremely hot and cold days based on the synthesis of results from 107 U.S. communities (contrasting
with Medina-Ramon and Schwartz), Andersen and Bell are clear that cold temperatures more indirectly
affect mortality than heat. In addition to the longer lag times for exposure incorporated for the effects of
extreme cold (up to 25 days, compared a one-day lag for heat), they note that infectious diseases, which
are more common in industrialized countries during colder weather (when people spend more time
indoors and in proximity) could account for a substantial portion of the cold-related effect.

Summarizing, both recent studies and the assessment literature provide strong evidence that heat-related
mortality presently exceeds cold-related mortality in the United States.

Comment (5-25):

A commenter (3347.3) argues that key studies used by EPA to show higher mortality relating to
increasing temperature rely on incorrect estimation methods. The comment refers to EPA’s Excessive
Heat Events Guidebook (U.S. EPA, 2006a), which discusses estimates of heat-related mortality in a set of
U.S. cities from Kalkstein and Greene (1997) and Davis et al. (2003a). It notes that despite the similarity
in the aggregate results of those studies (obtained by adding the mortality totals for the cities analyzed),
there are large differences in the results of the individual cities, which suggests balance was achieved by
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trading off mortality between cities. The commenter concludes that the mortality results are therefore
sensitive to the methodology and unreliable.

Response (5-25):

We disagree with the commenter’s conclusion about the reliability of these study results. The methods
and results of these studies are legitimate. Both studies were peer-reviewed and cited in the assessment
literature (Kalkstein and Greene, 1997, was cited in IPCC’s Third Assessment Report, McMichael et al.,
2001; Davis et al., 2003a, was cited in IPCC’s Fourth Assessment, Confalonieri et al., 2007, and in CCSP,
Ebi et al., 2008). We also note that in other comments (see 5-36 and 5-37) the commenter extensively
relies on the Davis et al. (2004) study which, in fact, is dependent on the allegedly “unreliable” Davis et
al. (2003a) study.

While noting that the studies share a similar methodological approach in terms of quantifying the
mortality impact of extreme heat based on estimates of the excess mortality, we also have recognized the
city-specific results appear sensitive to the detailed differences in methodologies employed as well as
other factors (note that U.S. EPA, 20064, states that there are “differences in the time series, definitions of
urban populations, and other analytical methods that prevent an exact comparison between the studies™).

Regardless of these specific differences, the bottom line is that, using an excess mortality—based
approach, both studies (further discussed in response 5-24) produce heat-related mortality totals that are
substantially larger than the death certificate-based results described in response 5-24.

Comment (5-26):

A commenter (3347.3) suggests that since deaths are expected following a heat wave, they are therefore
more likely to be reported as heat-related. The comment contends that this results in an overestimation of
mortality attributed to heat waves.

Response (5-26):
We strongly disagree with this comment. The comment directly conflicts with statements from CDC
(2006) with respect to the death certificate—based estimates of the mortality impact of extreme heat.

Response 5-24 summarizes CDC’s (2006) assessment of the difficulties in accounting for heat-related
deaths that may lead to underestimates using death certificate information.

This comment also has no validity with respect to estimates of the mortality impact of extreme heat that
rely on estimates of excess mortality based on all-cause mortality estimates. In these studies (e.g., Davis,
2003a, Kalkstein and Greene, 1997) differences in all-cause mortality during a period of extreme heat are
compared with mortality levels during a reference period. As a result, the methodology effectively
controls for possible bias in assigning the cause of death by considering all deaths on a day.

Comment (5-27):

Many commenters (e.g., 3347.3, 3449.1, 11453.1) indicate that EPA has not demonstrated that increased
mortality from heat will exceed decreased mortality from cold in a warming climate and/or that EPA
concedes that the balance is uncertain and additional research is needed to better understand this issue.
Some commenters present literature (e.g., Keating et al., 1997; Campbell-Lendrum et al., 2003) that, they
find, suggests that reduced deaths from cold will outnumber increased deaths from heat in a warming
climate.
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Response (5-27):

The TSD is very clear that the assessment literature (Confalonieri et al., 2007; Ebi et al., 2008; Karl et al.,
2009) finds that the exact balance between increases in heat-related mortality and decreases in cold-
related mortality is uncertain in a warming climate. However, we note that the latest USGCRP assessment
(Karl et al., 2009) cites recent research by Medina-Ramon and Schwartz (2007) that concludes that
increases in heat-related mortality due to global warming are unlikely to be compensated for by decreases
in cold-related mortality, based on the finding that heat currently results in higher death rates than cold in
the United States. Additional support for the conclusion that heat is, in fact, the leading cause of
temperature-related mortality in the United States is given in response 5-24.

Our review of relevant recent literature and the studies submitted by commenters does not identify flaws
in our characterization of this issue in either the TSD or the Findings. Recent (post-2001) studies that
estimate the possible future effects of temperature-related mortality provide varying results:

Many commenters submitted comments that discuss observed temperature-related mortality
trends and projections in Europe (e.g. Keating et al., 1997). Those studies are generally not
germane to the United States for reasons discussed in response 5-39 and 5-40.
Campbell-Lendrum et al. (2003) project no or a slightly negative net change in the risk of
temperature-related mortality by 2030 for developed countries under several emissions scenarios
and varying assumptions about acclimatization. For additional details, refer to response 5-37.
Davis et al. (2004), who found the net effect of observed increases in temperature between 1964
and 1988 had resulted in a net increase in mortality (see response 5-24), project mortality results
in the future will vary depending on the seasonal distribution of warming. They project that a
uniform 1°C warming (equal warming in summer and winter) would result in a net mortality
decline of 2.65 deaths (per standard million) per metropolitan area analyzed, a summer-dominant
warming would generate a net increase in mortality of 3.61 additional deaths (per standard
million), and that a winter-dominant warming would produce a net decrease in mortality of 8.92
fewer deaths (per standard million).

McMichael et al. (2006) suggest that additional heat-related deaths in summer would outweigh
the extra winter deaths averted globally in 2050 (refer to Figure 2 in that study).

Deschenes and Greenstone (2007) find under a “business as usual” scenario, climate change will
lead to an increase in the overall U.S. annual mortality rate ranging from 0.5% to 1.7% by the end
of the 21st century (depending on choice of climate model).

Older studies which project future changes in net mortality are discussed in response 5-28.

Most of the studies above examine temperature changes across the year and then evaluate seasonal
mortality relationships, which are incorporated to analyze the climate change impact or a summary of
impacts across all temperatures. To quantitatively address the risk associated with the changes in extreme
temperature events in a warming climate which tend to be most lethal, it would be necessary to project
future changes in extremes while holding current conditions constant with respect to thresholds for
extreme heat and cold and the associated mortality response, taking into account regional variation. The
current literature lacks such an analysis.

Comment (5-28):

Commenter (3747.1) indicates that EPA removed from an earlier version of its TSD a statement
describing how a majority of studies on the subject showed a larger decrease in cold-related deaths than
increase in heat-related deaths.

Response (5-28):
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The version of the TSD the commenter is referring to (from the June 28, 2008, ANPR) stated the
following:

In the TAR [Third Assessment Report], the IPCC cited several studies that indicate
decreases in winter mortality may be greater than increases in summer mortality in some
temperate countries under climate change (McMichael et al, 2001). However, it cites one
U.S. study (Kalkstein and Greene, 1997) that estimates increases in heat-related deaths
will be three times greater than decreases in cold-related deaths. Given the paucity of
recent literature on the subject and the challenges in estimating and projecting weather-
related mortality, IPCC concludes additional research is needed to understand how the
balance of heat-and cold-related deaths might change globally under different climate
scenarios (Confalonieri et al, 2007).

We decided to remove the first two sentences of this statement for two primary reasons:

1) Of the five studies assessing net temperature-related mortality changes in IPCC’s Third
Assessment Report, only two contained results applicable to the United States. One study showed
a net decrease in mortality (Martens, 1998) and the other showed a net increase in mortality
(Kalkstein and Greene, 1997, as described above) under climate change scenarios. So for the
U.S., the studies in IPCC’s Third Assessment Report did not provide a clear picture with respect
to the balance of heat and cold-related deaths. The other studies indicating temperature-related
mortality would decline pertained to Europe (Donaldson et al., 2001; Langford and Bentham,
1995) and Australia (Guest et al., 1999).

2) Inthe April 2009 TSD, we focused on the most recent assessment literature, and relied primarily
on IPCC’s Fourth Assessment Report (as opposed to the Third Assessment Report) as well as
findings from the most recent assessment literature from CCSP/USGCRP (Ebi et al., 2008; Karl
et al., 2009).

Note that the third sentence in the above statement remains in the TSD.

Comment (5-29):
A commenter (3347.3) notes the TSD fails to include the Ebi et al. (2008) statement finding that cold-
related mortality is likely underestimated.

Response (5-29):
We have added to the TSD the statement that “Cold also contributes to deaths caused by respiratory and
cardiovascular diseases, so the overall mortality burden is likely underestimated (Ebi et al., 2008).”

Comment (5-30):
Commenters (3411.1, 3347.3, 11348,) suggest that direct effects of possible climate warming on
temperature-related mortality are likely to be beneficial due to increases in life expectancy.

Referencing Deschenes and Moretti (2009),* commenters (3347.3, 11348,) suggest the increased
longevity that has arisen from migrations of large populations from the northern to the southern United

! Some commenters referred to Deschenes and Moretti (2007), whereas others referred to Deschenes and Moretti
(2009). These are essentially the same studies. The 2007 paper was published as a working paper; the 2009 paper
was published in the Review of Economics and Statistics. It is cited as Deschenes and Moretti (2009) in these
responses to comments.
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States illustrates the benefits of increasing temperatures. A commenter notes that there are similar effects
beginning in Europe.

Response (5-30):
We find that the commenters are drawing inappropriate conclusions from future warming and migration
trends and inappropriately applying the results from Deschenes and Moretti (2009).

The assessment literature does not explicitly address temperature effects on life expectancy or longevity.
While we have reviewed Deschenes and Moretti (2009) and do not dispute migration to a warmer climate
may have longevity benefits (whether in the United States or in Europe), we reject consideration of the
estimated benefits from migration to a warmer climate as an appropriate analog to warming from GHG-
induced climate change. The fundamental reason for this is that in estimating the health effects of climate
change scenarios, individuals are explicitly assumed to stay in the same location (and the choice to
migrate is a planned, adaptive response to temperature; see the Findings, Section I11.C, “Adaptation and
Mitigation,” for our response to comments on the treatment of adaptation and mitigation in the Findings).

The assessment literature, as summarized in the TSD, is clear that local factors, such as climate,
topography, heat-island magnitude, demographic and health characteristics of the population, and policies
that affect the social and economic structures of communities, including urban design, energy policy,
water use, and transportation planning, are important in determining the underlying temperature-mortality
relationship in a population. In studies, mid-latitude metropolitan areas with greater summertime
temperature variability have shown stronger adverse health responses to heat than desert and semi-
tropical cities with less variable weather (e.g., Chestnut et al., 1998; Media-Ramon and Schwartz, 2007,
Gosling et al., 2007, Davis et al., 2003b).

Importantly, the longevity increase is expected to be the result of many variables and societal factors
associated with the more southern areas that are associated with increased average temperature, making it
hard to isolate the impacts of average temperature. Also, the health effects at issue are not associated with
the increase in average temperature itself, but with the increased likelihood of changes in temperature
extremes.

Comment (5-31):

Commenters (3347.3, 3394.1, 3411.1, 11348) refer to Deschenes and Moretti (2009) and other studies
(e.g., Kunst et al., 1993; Campbell-Lendrum et al., 2003) which indicate that heat deaths often represent a
short temporal displacement but deaths due to cold usually result in months to years of life lost.

Response (5-31):
We disagree with the commenter’s suggestion that there is a consensus with respect to the extent of
mortality displacement that results from extreme heat or cold.

“Mortality displacement” refers to forward temporal shift in the rate of mortality in a given population
resulting from an environmental stressor—often heat or cold. It typically describes a situation where
weakened people die a few days or weeks sooner than they would have under ordinary circumstances.
(Such displacement is sometimes also described as “harvesting.”)

Deschenes and Moretti (2009) use fixed temperature thresholds to define cold and hot days in all
locations across the United States. They then find that, while hot days appear to have significantly
increased mortality rates in the days immediately following the event, there is no signal of a lasting
mortality impact of these hot days after 30 days. Their results for cold days are the opposite. The authors
interpret these results as indicating that the short-term increases in mortality on hot days are offset in the
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longer run by mortality displacement while cold days have a lasting impact in terms of increasing
mortality rates.

However, our review of the literature (including Kunst et al., 1993; Campbell-Lendrum et al., 2003)
revealed considerable evidence that the concept of temperature-related mortality displacement is complex
and observed impacts and estimates of the extent of mortality displacement may depend on the
population/location affected and the characteristics of the heat or cold event. For example, Davis et al.
(2004) caution that mortality displacement is not a universal feature in all cities, and the topic has not
been examined systematically in the United States with respect to heat. Similarly, Kalkstein (1997)
develops a range of estimates for discrete heat events in U.S. cities and finds varying signals with respect
to the importance of mortality displacement.

In addition, Medina-Ramon and Schwartz (2007) find evidence of short-term displacement for less
extreme heat events in the United States but little evidence for short-term mortality displacement for
extreme heat events.

Studies following the European heat wave of 2003 found no evidence of short-term mortality
displacement in France (Pirard et al., 2005) or Spain (Simon et al., 2005), while others have estimated that
mortality displacement may have accounted for a very small fraction of the excess deaths in this event.
Specifically, Le Tertre et al. (2006) estimated that less than 10% of the 3,000 excess deaths from nine
cities in France could be attributed to mortality displacement, although the percentage varied widely
among the individual cities.

These studies would suggest that the individuals who died still had substantial periods of life remaining.

The uncertainties surrounding the issue of mortality displacement and differing assumptions made about
it contribute to the variability in projections of net mortality described in response 5-27. We note that
Deschenes and Greenstone (2007), who explicitly apply methodologies to account for displacement, still
project net increases in temperature-related mortality and decreases in longevity in the United States
under future climate change scenarios. They indicate that, had they not accounted for the harvesting
effects of heat and the fact that there is often a delay or lag between cold exposure and health impacts, the
direct mortality impacts would have been overstated by roughly 47% to 202% (depending on the climate
model).

Most importantly, the discussion of mortality displacement with extreme heat and cold recognizes that
these events result in observable increases in the daily mortality levels of the populations experiencing the
conditions over different time periods.

To summarize: given the uncertainty over the distribution and magnitude of mortality displacement, the
importance we assign to mortality, the other evidence of the relative magnitude of heat versus cold
mortality, and the precautionary nature of the Findings, we are not discounting the heat wave mortality
risk in any fashion.

Comment (5-32):

A commenter (3136.1) notes: “Just because the IPCC doesn’t cite any studies looking at cold vs. heat
related deaths in the U.S. in the future doesn’t mean that they don’t exist. For instance, the subject of
Davis et al. (2004) is precisely this topic.”

Response (5-32):
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The TSD does not cite results from individual studies unless the specific results have been addressed in
the assessment literature. We discuss the mortality projections in Davis et al. (2004) in response 5-27.

Comment (5-33):

A commenter (3347.3) states that researchers have found that for heat waves, an increase above average
mortality rates sometimes occurs, followed by a counterbalancing decrease in the average mortality rates
in the following days to a few weeks, and that there is no statistical net effect in mortality incidence from
exposure to heat waves (Campbell-Lendrum, 2003; Kalkstein, 1993; Huynen et al., 2001; Deschenes and
Moretti, 2009).

Response (5-33):
We disagree that the evidence suggests that heat waves result in no statistical net effect in mortality
incidence. The body of literature cited by the commenter does not support such an assertion.

Due to the mortality displacement described in response 5-31, it is true that the literature suggests there is
sometimes a counterbalancing decrease in the average mortality rates in the days to few weeks following a
heat wave. But “sometimes” is the key qualifier, as the literature contains examples in which there is no
evidence of mortality displacement as described in response 5-31.

We reviewed all five studies submitted by the commenter and found that—with one exception—they do
not conclude that heat waves result in no statistical net effect in mortality incidence.

Campbell-Lendrum (2003) reports: “There also is evidence for a “harvesting effect,” i.e. a period
of unusually lower mortality following an extreme temperature period. This indicates that in some
cases extreme temperatures advance the deaths of vulnerable people by a relatively short period,
rather than killing people who would otherwise have lived to average life expectancy. However,
this effect has not been quantified for temperature exposures and is not included in the model.”
(Italics indicate emphasis added.)

Kalkstein (1993) reports results from two U.S. cities (New York and St. Louis) that indicate that
“most extra mortality during heat episodes does reflect deaths that would not have happened
shortly afterwards had there been no heat wave.”

Huynen et al. (2001) report: “Our results relating to the heat-induced forward displacement of
deaths are inconclusive. Some heat waves show a decline in mortality in the longer lag periods
after the extreme heat, which suggests that heat has a harvesting effect, whereas others do not
show this decline in the number of deaths.”

Though Schwartz et al. (2004)? conclude that “much of the effect of hot temperatures is short-
term displacement of events,” their study is examining morbidity as opposed to mortality.

Deschenes and Moretti (2009) do conclude that the “increase in mortality that occurs in the days
immediately following heat waves appears entirely driven by temporal displacement” and that as a result
“there is virtually no lasting impact of heat waves on mortality.” However, the authors caution: “Of
course, every death is harvesting, because we all eventually die. The point here is that in a heat wave,
some individuals die only a few days earlier than they would have, not a few months or years earlier.” As
discussed in response 5-27, Deschenes and Greenstone (2007) project net increases in temperature-related
mortality and life years lost under a warming climate in the United States despite the short mortality
displacement for heat deaths.

% The comment cites Schwartz et al. (2007); the commenter’s bibliography, which we believe is the accurate
citation, refers to Schwartz et al. (2004).
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In addition, there are other studies (e.g., Medina-Ramon and Schwartz, 2007; Le Tertre et al., 2006)
whose results suggest that mortality displacement may play a relatively insignificant role in the observed
excess mortality following a period of exceptional heat (see response 5-31)

Considering all of these studies and those studies reviewed in response 5-31, we do not find the
commenter’s statement that there is no net effect in mortality incidence from exposure to heat waves is
supported by the evidence.

Comment (5-34):

A commenter (3347.3) states that EPA is incorrect in suggesting that cold-related deaths are
overestimated because it inappropriately considers influenza. The commenter refers to a study finding that
influenza-like conditions are strongly correlated with low temperatures (Huynen et al., 2001), a study
predicting that influenza will decrease with a warming climate (McMichael and Beers, 1994), and a study
finding that controlling for influenza only diminished the aggregate mortality effect of cold weather by
34% (Kunst et al., 1993).

Response (5-34):

The commenter has misread the TSD: we do not state that cold-related deaths are overestimated and our
review of the literature suggests that the strength of the association between temperature and influenza is
uncertain.

Summarizing the assessment literature (Ebi et al., 2008; Confalonieri et al., 2007), the TSD states that
“Projections of cold-related deaths, and the potential for decreasing their numbers due to warmer winters,
can be overestimated unless they take into account the effects of season and influenza, which is not
strongly associated with monthly winter temperature.” This statement reflects the fact that there are
important uncertainties in projecting cold-related mortality relating to the association between cold and
influenza.

The CCSP assessment on health (Ebi et al., 2008) states: “...many factors contribute to winter mortality,
making the question of how climate change could affect mortality highly uncertain. No projections have
been published that incorporate critical factors such as the influence of influenza outbreaks.” This
information has been incorporated into the TSD.

Regarding the literature submitted by the commenter, it does not provide evidence that there is stronger
association between cold and influenza than implied by the TSD. Huynen et al. (2001) note that cold
influences influenza “indirectly” and that “the fact that we were not able to correct for the effects of
influenza is one of the flaws in our models.” We note that McGeehin and Mirabelli (2001) state:
“influenza contributes to, but does not fully explain, the association between winter temperature and
mortality.”

We also reviewed McMichael and Beers (1994) and do not dispute their qualified statement that winter
deaths from influenza “could be expected to decrease” with global warming. However, we note the study
offers no details, original analysis, or assessment to accompany this statement.

The Kunst et al. (1993) reference which finds that controlling for influenza incidence diminishes the
aggregate mortality effect of cold weather by 34% clearly supports the finding of the assessment literature
that not taking into account influenza in projections of cold-related mortality will result in an overestimate
of its effects.
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In summary, the assessment literature as summarized in the TSD appropriately characterizes the uncertain
relationship between influenza and cold and the importance of accounting for this in projections of cold-
related mortality associated with climate change.

Comment (5-35):

A commenter (3347.3) states that EPA treats sensitive and susceptible subpopulations differently with
respect to impacts from heat and cold. The commenter notes that EPA lists the vulnerable populations for
heat but not for cold. They refer to Deschenes and Moretti (2009), which find that susceptible populations
for excess cold include older adults, the mentally ill (e.g., homeless), those working outdoors, and the
socially isolated.

Response (5-35):

We disagree that we do not identify populations vulnerable to excessive cold. Citing the assessment
literature (Confalonieri et al., 2007), the TSD states: “Accidental cold exposure occurs mainly outdoors,
among socially deprived people (e.g., alcoholics, the homeless), workers, and the elderly in temperate and
cold climates, but cold waves also affect health in warmer climates.” These are essentially the same
susceptible groups identified by the commenter and Deschenes and Moretti (2009).

Comment (5-36):

Many commenters (e.g., 3136.1, 3187.3, 3283.1, 3347.3, 3449.1:8, 3596.1, and 4632) indicate that
technological changes and adaptation have already reduced heat-related health effects and will
sufficiently reduce an increase in heat-related health effects in the future. Many refer to literature (e.g.,
Kalkstein and Davis, 1989; Lerchl, 1998; Davis et al., 2004) that discusses adaptation to heat and/or its
benefits. Commenters also indicate that humans physiologically adapt or acclimatize® to hotter climates
over time, citing literature (e.g., Harrison, 1998; Kovats and Jendritzky, 2006) as evidence.

Response (5-36):

The assessment literature indicates that physical acclimatization to heat, adaptive measures, and
technology reduce the human health impact of heat and will continue to do so in the future, but it is
nonetheless indisputable that heat presently causes substantial mortality in the United States. The
assessment literature clearly concludes the risk of adverse health effects from heat will increase as the
climate warms. Therefore, we strongly disagree that technological changes, physical acclimatization, and
adaptation will “sufficiently” reduce heat-related health risks in the future.

We have reviewed the literature demonstrating the observed (e.g., Palecki et al., 2001; Fouillet et al.,
2008; Davis et al., 2003a, 2003b) and/or projected (e.g., Guest et al., 1999) benefits of adaptive measures
in terms of reduced adverse health effects from heat. Many of the studies submitted by commenters are
cited in the assessment literature and a following key conclusion that is drawn is stated in Section 7 of the
TSD: “...human health risks from climate change will be strongly modulated by changes in health care,
infrastructure, technology, and accessibility to health care (Field et al., 2007).”

We also do not dispute that there is evidence (e.g., Kalkstein and Davis, 1989; Harrison, 1998; Kovats
and Jendritzky, 2006) that humans physiologically adapt (or acclimatize) to hotter climates over time. In
fact, the TSD, citing the assessment literature, states: “Estimates of heat-related mortality attributable to

% “Heat acclimatization” refers to biological adaptations that reduce physiologic strain (e.g., heart rate and body
temperature), improve physical work capabilities, improve comfort, and protect vital organs (brain, liver, kidneys,
muscles) from heat injury.
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climate change are reduced but not eliminated when assumptions about acclimatization and adaptation are
included in models.”

Furthermore, we agree technology (e.g., less climate-sensitive architecture and air conditioning) can
reduce the health impacts of heat but it is not clear that it can eliminate them. Refer to additional
discussion of air conditioning in response 5-52.

However, despite the presence of physical acclimatization, technology, and adaptive measures, it is
indisputable from the health statistics cited in the TSD (as summarized from the assessment literature)
that heat Kills. In fact, heat is the leading cause of temperature-related mortality in the United States, as
stated in the assessment literature (Karl et al., 2009), summarized in the TSD, and discussed in response
5-24.

Under future climate change scenarios in which the United States warms, the argument that increased risk
from hotter temperatures will be compensated by technology (e.g., air conditioning) and/or adaptation
(which are interrelated) is not relevant in the context of these Findings. See the Findings, Section I11.C,
“Adaptation and Mitigation,” for our response to comments on the treatment of adaptation and mitigation
in the Findings. Commenters do not present evidence that acclimatization alone will compensate for heat-
related health effects that have been projected into the future. Physical acclimatization, which is a form of
autonomous adaptation, is considered relevant. However, a recent study (Kinney et al., 2008) indicates
the timescales over which individuals or communities acclimate to local weather is not well understood.

Comment (5-37):

A commenter (3347.3) argues that U.S. society has changed; therefore, past relationships between climate
and mortality are not a reliable predictive basis for the future. The commenter refers to a Davis et al.
(2004) study, which finds that on average for the 28 cities analyzed in that study, the number of excess
deaths on hot and humid days declined from 41.0 in the 1960s and 1970s to 17.3 in the 1980s to only 10.5
in the 1990s. The comment highlights the Davis et al. (2004) conclusions that temperature currently does
not have a major influence on monthly mortality rates in the United States and that the lives saved in
conjunction with warm winters tend to offset the deaths associated with warmer conditions in July and
August. The comment also refers to a study by Campbell-Lendrum et al. (2003), which investigates the
direct physiological effects of heat and cold on cardiovascular mortality. The study finds that when
physiological adaptation and unmitigated emissions are assumed, there is no increase in mortality risk
from cardiovascular disease attributable to climate change in any region of the world and a decrease in the
developed world (including the United States).

Response (5-37):

We do not dispute the general notion that past relationships between climate and mortality are not
necessarily a reliable indicator for the future. We recognize, as stated in the TSD, that non-climatic
factors such as changing demographics will influence past as well as future trends along with adaptive
measures that might be adopted—though these are not germane to the Findings (e.g., see responses 5-36
and 5-47). However, we disagree the references provided by the commenter provide strong evidence that
a warming climate will not pose a risk of adverse health effects from heat in the future.

Regarding the results presented from the Davis et al. (2004) study, we agree that heat-related mortality
declined from the late 1960s into the 1990s in the major U.S. cities studied and that adaptation
contributed to the decline. But this decline seems to have leveled off since the mid-1990s according to
Sheridan et al. (2009). Refer to response 5-48 where this is discussed further. Regarding the finding that
temperature does not have a major influence on monthly mortality rates in the United States, we note that
the latest health statistics indicate that there are conservatively over 680 heat-related deaths per year; refer
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to response 5-24 for further discussion. Regarding the Davis et al. (2004) projection that lives saved in
conjunction with warm winters tend to offset the deaths associated with warmer conditions in July and
August under certain scenarios (see response 5-27), their own results from the observed record suggest
that heat deaths exceeded cold deaths from 1964 to 1998 as the climate warmed (see response 5-24). In
summary, we do not find that Davis et al. (2004) provide evidence that would lead us to conclude that a
warming climate will not increase the risk of adverse heat-related health effects.

Reviewing Campbell-Lendrum et al. (2003), we agree that they find little net change in the risk of
mortality in the scenarios presented for the year 2030. Though they note a very slight decrease in the risk
of mortality for developed countries, which includes the United States, it is only after they make
assumptions about physical acclimatization which they concede have “not been formally tested.”
Furthermore, they note important latitudinal differences that are not resolved on a country-by-country
basis in their study: “Climate change is expected to affect the distribution of deaths from the direct
physiological effects of exposure to high or low temperatures (i.e. reduced mortality in winter, especially
in high latitude countries, but increases in summer mortality, especially in low latitudes). However, the
overall global effect on mortality is likely to be more or less neutral.” Though this study does not support
an increased risk in temperature-related mortality in developed countries, its results are equivocal and
consistent with the conclusions of the assessment literature that the net changes in temperature-related
mortality are difficult to estimate. Refer to response 5-27 for additional discussion.

Comment (5-38):
A commenter (11348) asserts that the benefits in life expectancy from warming in cold periods may be
much more than nine times greater than lifespan lost in warm periods.

Response (5-38):

The commenter (11348) provides no reference to support the assertion that life expectancy from warming
in cold periods may be more than nine times greater than lifespan lost in warm periods. See our responses
throughout this section for specific discussion of the broader issues.

Comment (5-39):

Commenters refer to studies (Kunst et al., 1993; Langford and Bentham, 1995; Keatinge et al., 1997;
Martens, 1998; Keatinge et al., 2000; Keatinge and Donaldson, 2004; Deschenes and Moretti, 2009;
Laaidi et al., 2006) that provide evidence of, document, or project mortality benefits in winter from
warming temperatures.

Response (5-39):

We reviewed these studies and do not disagree with their findings that warmer winter temperatures reduce
mortality during that season. In fact, the TSD summarizes the assessment literature conclusion that cold-
related mortality is projected to decrease under future climate scenarios.

However, we also note that studies such as Medina-Ramon and Schwartz (2007) only consistently find a
mortality impact for cold days across U.S. cities when cold days are defined based on the location’s
annual temperature distribution (i.e. for unusually cold days in that city) instead of by absolute
temperature levels. This suggests that there may be limited reduction in the mortality impact of cold snaps
in most U.S. locations as long as these events are defined relative to a location’s weather experience.

Comment (5-40):
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One commenter (11348), referencing a European study (Keatinge et al., 1997), suggests that there will be
25,000-50,000 fewer deaths in the United States per year for a 1°C temperature rise. The commenter
compares this to 30,000 deaths per year from breast cancer, 30,000 for prostate cancer, or about 40,000
from motor vehicle accidents.

Response (5-40):

We do not find this comment supportable. The temperature-mortality results from specific regions in
Europe—such as those from Keatinge et al. (1997)—cannot credibly be projected on the entire United
States. The assessment literature, as summarized in the TSD, clearly reflects that local factors, such as
climate, topography, heat-island magnitude, demographic and health characteristics of the population, and
policies that affect the social and economic structures of communities, including urban design, energy
policy, water use and transportation planning are important in determining the underlying temperature-
mortality relationship in a population (Confalonieri et al., 2007; Ebi et al., 2008).

Climate conditions in the United States differ in important ways from Europe in that they are more
variable with greater heat extremes, not to mention that there are important socioeconomic and
demographic differences. In addition, Medina-Ramon and Schwartz (2007) report: “Despite a wide range
of temperatures, the U.S .population seems fully acclimatised to cold temperatures, but not to heat. This
may reflect the near universality of central heating in the United States, as opposed to central air
conditioning, which explained a substantial fraction of the heterogeneity between cities in the heat
effects.”

Furthermore, the Keatinge et al. (1997) study reported estimated deaths associated with falling winter
temperatures; it did not assess risks associated with rising summer temperatures, which the commenter
fails to take into account. Finally, the commenter did not provide attribution for the statistics provided on
death counts for breast cancer, prostate cancer, and motor vehicle accidents.

Comment (5-41):

One commenter (11348) cites a report by the Department of Health of the United Kingdom (UK) that
there was no increase in heat-related deaths from 1971 to 2002 despite warming summers, suggesting that
the UK population is capable of adapting to warmer conditions. The report also notes that winter deaths
will continue to decline.

Response (5-41):
As discussed in previous responses (5-40), we find temperature-mortality studies from Europe should not
be projected on the United States.

Furthermore, EPA reviewed the referenced report by the Department of Health of the United Kingdom;
we note that—directly after the quote provided by the commenter, which indicates that “there was no
increase in heat-related deaths from 1971-2002”—the report states, “But heat waves still present a serious
risk” and “While, periods of very cold weather will become less common, periods of very hot weather
(heat waves) will become more common.” EPA notes the study projects temperature-related mortality out
to 2012, yet predicts a 1 in 40 chance every year (a 1 in 4 risk in the decade centered on 2012) of a nine-
day heat wave at 27°C in southeast England. The report indicates that “Without preventive action, this
could cause more than 3,000 immediate deaths with more than 6,350 heat-related deaths throughout that
summer (Department of Health UK, 2008).” The authors also note that “in terms of conventional thinking
about risk to health a risk of 1 in 40 is high.”

More directly, the 2003 European heat wave was estimated to result in over 2,000 excess deaths in
England and Wales from August 4 through 13, clarifying the risk of extreme heat in the United Kingdom
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(Koppe et al., 2004). These impacts also resulted in the development of a national heat strategy to address
heat waves (Department of Health UK, 2009).

Regarding the report’s finding of a decline in winter deaths in the future, EPA notes that this is consistent

with the underlying science of the IPCC and USGCRP assessments which EPA relies upon. For instance,

the USGCRP notes that the number of deaths caused by extremely low temperatures would be expected to
drop (Karl et al., 2009).

Comment (5-42):
A commenter (11348) suggests that the consequences of widespread cooling are likely to be much more
threatening than warming.

Response (5-42):
Climate change projections in the assessment literature do not project cooling and, therefore, the health
effects of cooling are not relevant to these Findings.

Comment (5-43):

At least one commenter (11348) refers to studies by Moore (1995, 1998). The commenter claims that the
1998 study estimated that a temperature increase of 2.5°C in the United States would cause a drop of
40,000 deaths per year from respiratory and circulatory disease, based on U.S. mortality statistics as a
function of monthly climate change.

Response (5-43):

We reviewed the submitted publications and note that their results specific to temperature-related
mortality are not current, not supported by other peer-reviewed studies, and not cited in the assessment
literature. We note that IPCC and CCSP/USGCRP assessments had several opportunities to incorporate
the results of these studies since their publication and declined. Further, though Moore (1998) was
published in the peer-reviewed literature, Moore (1995) was not. Refer to the Findings, Section Il1.A., for
the science on which the decisions are based.

With respect to specific results from the Moore (1998) study, we note that the study models the
relationship between monthly and annual mortality rates and monthly and annual temperatures. As the
impacts of extreme heat events often manifest themselves over a series of days, this is an unsupportable
assumption. This study, therefore, does not explicitly isolate extreme heat events, which are known to be
associated with elevated mortality and projected to increase as a result of climate change.

Therefore, we do not agree the publications of Moore from 1995 and 1998 are relevant, nor that their
findings are supportable.

Comment 5-44):

A number of commenters (e.g., 11348, 3411.1) contend that because all-cause mortality is greater in
winter than summer in the United States, a warming climate will result in a net decrease in temperature-
related mortality.

At least one commenter (11348) disagrees with the McMichael et al. (2006) finding that heat-related
deaths will increase more than the lives saved by warming of the cold periods. The commenter refers to
“previous data” showing that U.S. mortality in winter due to cardiac, vascular, and respiratory disease in
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winter is seven times greater than in summer, and also that this ratio is about nine to 10 in Europe, from
the data of Keatinge et al. (1997). The commenter (11348) further asserts that the most comprehensive
data on U.S. daily mortality, from all causes, as a function of the day of the year, is found in Deschenes
and Moretti (2009). The commenter states that these data show a clear relationship, with maximum
mortality in January and minimum mortality in the warmest months of July and August. The commenter
contends that these data strongly indicate that warming of average daily temperatures would cause a
decrease in mortality in winter far greater than the slight increase of mortality from summer heat.

Other commenters (3187.3, 3411.1, and 4632) also reference the Laaidi et al. (2006) and/or others (i.e.,
Braga et al., 2002) as evidence that winter-related mortality is greater than summer-related mortality.

Response (5-44):

Though we do not dispute that all-cause mortality is greater in winter than in summer in the United States,
this information alone does not and cannot substantiate that a warming climate will result in net
reductions in mortality. Studies (e.g., Davis et al., 2004; Andersen and Bell, 2009) show that the direct
relationship between winter temperatures and mortality is much weaker than for summer; this is
especially true for infectious and respiratory illnesses. In fact, McGeehin and Mirabelli (2001) note:
“Overall mortality is generally higher in winter than in summer, but there is little convincing evidence
that weather patterns are solely responsible.” (Regarding the comment stating that U.S. mortality is much
greater in winter than in summer citing “previous data” we note this comment does not make clear which
previous data it is referring to.)

Furthermore, EPA notes that the seasonality highlighted by the commenter and depicted in Figure 1 of
Deschenes and Moretti (2009) is not representative of regional differences in temperature exposure (for
example, see Figure 2 in the same study). These data do not convey that people in hotter cities are more
affected by cold temperatures; on the other hand, it is well documented in the scientific assessment
literature (Media-Ramon and Schwartz, 2007; Gosling et al., 2007; McMichael et al., 2006; Ebi et al.,
2006; Curriero et al., 2002; Davis et al., 2002) that people in colder cities are more affected by warmer
temperatures. This finding is also confirmed in the study referenced by the commenter (Laaidi et al.,
2006), which finds that excessive heat is more likely to increase heat-related mortality in colder areas
since the thermal optimum (critical temperature threshold) is lower for the population in these areas.

Accordingly, these studies do not warrant rejecting the conclusion that temperature-related mortality may
increase as stated in McMichael et al. (2006) and Deschenes and Greenstone (2007) (refer to response 5-
27).

Comment (5-45):

Commenters (3136.1, 3596.1) provide two side-by-side graphs of U.S. mortality trends and U.S.
temperature trends from 1980 to 2006 (CDC, http://www.cdc.gov/nchs/data/nvsr/nvsr56/nvsr56_16.pdf;
National Climatic Data Center, http://climvis.ncdc.noaa.gov/cgi-bin/cag3/hr-display3.pl). These graphs,
state the commenters, show that we are greatly triumphing over climate change, or perhaps that a warmer
climate is a healthier climate. The commenters indicate that perhaps the most direct evidence of health
and welfare is mortality rates, which have improved significantly over the last 100 years, and submit a
graph of all-cause mortality and U.S. mean surface temperature for the 1980-2006 period in support of
this point. The commenter notes that it would take a true pessimist to think this strong trend toward
decreasing mortality rates will reverse itself in the future, no matter what the climate holds in store—
primarily because the impact of climate on human health in the United States is minuscule, according to
findings by Davis et al. (2004).
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Another commenter (2898.1) indicates that public health and welfare will continue to improve, even in a
warming world. In support of this view the commenter submits a reference by Indur Goklany (2007)
entitled, “The Improving State of the World: Why We’re Living Together, Healthier, More Comfortable
Lives on a Cleaner Planet.”

Response (5-45):

EPA reviewed the graphs provided by the commenter, as well as the associated referenced literature, and
finds that they do not support the commenters’ conclusions with respect to heat-related mortality due to
climate change.

These two graphs depict “all cause mortality” and “U.S. mean surface temperature” for the 1980-2006
period. The metrics of crude and age-adjusted mortality represented in these graphs are influenced by all
known factors that lead to mortality and do not represent or isolate the role of temperature or any other
individual factor. Over the period represented in the graphs, mortality has decreased in United States as a
result of several factors, such as technological and medical advances, improved health care, regulatory
statutes, increases in life-expectancy, and improved emergency preparedness. In addition, the general
trend in average annual temperature indicates warming but does not represent the specific weather events
that are of concern for heat-related mortality. As a result, the trends depicted in the graphs provide little
information regarding the direct health effects associated with extreme heat exposure or temperature in
general. Two graphs showing that “all cause” mortality declined do not provide evidence to support a
claim that mortality from every cause declined. All they would show is that the overall morality declined,
reflecting changes that reduced mortality outweighing any changes that increased mortality. It does not
show what changes increased and what changes decreased mortality. Moreover, these graphs do not
represent conditions in the future in which extreme heat events are expected to increase in frequency,
duration, and intensity, nor the future drivers affecting vulnerability to heat-related mortality (i.e., urban
heat island effects, demographic trends of older age brackets).

We do not dispute that Davis et al. (2004) find that the observed temperature-related mortality rates are
very low relative to the baseline total (all-cause) death rate. However, as noted in a previous response,
Davis et al. (2004) find that the net impact of the observed temperature change from 1964 to 1998 was to
cause an extra 2.9 deaths (per standard million) per city per year in 28 cities, which represents thousands
of total deaths.

Regarding the comment that measures to protect public health and welfare will continue to improve, even
in a warming world based on evidence from Goklany (2007), we conclude for reasons stated above that
this evidence does not support changing our Findings of the presence of risk or the potential for
increasing risk in the future from climate change.

Comment (5-46):

A commenter (3347.3) states that Longstreth (1991) suggests that if, with global warming, populations in
the northern U.S. cities became like those in the South, then full acclimatization will have occurred and
little or no impact from global warming is predicted.

Response (5-46):
We find this comment to be a mischaracterization of the results of Longstreth (1991). In fact, the author
states:

Studies based on two general circulation model scenarios in urban areas that include
several from North America predict that the number of heat-related deaths will double by
the year 2020 and increase severalfold by 2050. These numbers may be reduced if
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changes in climate occur over an extended time so populations can become acclimatized
to the new conditions (1,9). Although climate change could also bring milder winters and
a drop in winter death rates, the predicted increase in death rates from hotter summers
may be such that there is a net increase in deaths associated with changing climate (21).

This excerpt from Longstreth (1991) clearly demonstrates that the study does not state acclimatization
will result in little or no impact from global warming. To the contrary, the study only suggests that there
may be a decrease in the overall impact from heat stress as a result of acclimatization, and that the net
effect of climate change may be to increase deaths.

Comment (5-47):

Commenters indicate the population’s rapid adaptation to heat has been demonstrated after the 1995
Chicago heat wave (Palecki et al., 2001), after heat waves in Philadelphia in 1993 and 1994, and across
Europe after the 2003 heat wave event (Fouillet et al., 2008). The commenter notes that it is one thing for
EPA to state that summer extreme temperatures may be related to global warming; it is another to relate
them to individual events without elaborating more fully. Furthermore, the commenter that notes a major
adaptation to heat waves occurred in France as a result of the 2003 disaster. The commenter indicates that
when a heat wave of similar magnitude struck in 2006, far fewer deaths occurred than were predicted
(Fouillet et al., 2008). The commenter suggests that the words “depending upon progress in health care”
in the TSD are an attempt to influence the reader into thinking that people are unlikely to adapt, when in
fact there is incontrovertible evidence they already have.

Response (5-47):

Regarding recent heat wave events and the assertion (from commenter 3136.1) that EPA does not provide
sufficient information about the human response: citing the assessment literature (Confalonieri et al.,
2007; Karl et al., 2009), the TSD has added specific information about the European heat wave in 2003,
its effects, and implications for the future:

The excess mortality during the extreme heat wave in Europe in 2003 demonstrates the lethality
of such events, which led to approximately 15,000 deaths in France alone (Confalonieri et al.,
2007). Karl et al. (2009) report that an analysis of the European summer heat wave of 2003 found
that the risk of such a heat wave is now roughly four times greater than it would have been in the
absence of human-induced climate change.

The specific adaptive responses to the 2003 European heat wave or other individual heat waves such as
those that occurred in Philadelphia and Chicago are not relevant to these Findings. See the Findings,
Section I11.C, “Adaptation and Mitigation,” for our response to comments on the treatment of adaptation
and mitigation in the Findings.

Comment (5-48):

One commenter (3136.1) indicates that he has shown that sensitivity to extreme heat events has been
declining in major cities across the United States and notes this result is only apparent when you correctly
standardize the population for changing size and age distribution. Furthermore, the commenter indicates
that without properly standardizing, it is impossible to compare the climate impacts from one period to
another (or one place to another) and that once you do standardize you find that extreme heat is having
less of an impact as we better adapt to its occurrence. The commenter refers to Davis et al. (2003a,
2003b), who find that heat-related mortality declined in 28 major U.S. cities even as temperatures rose.
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Response (5-48):

We do not dispute the findings of Davis et al. (2003a, 2003b) presented here. In fact, the assessment
literature, as summarized in the TSD, refers to the Davis et al. (2003a, 2003b) papers; it states that heat-
related mortality in major U.S. cities declined from 1964 to 1998 and that adaptive measure contributed to
the decline. However, it is not clear that the results of Davis et al. remain relevant. We note that the
assessment literature, as summarized in the TSD, finds that this decreased sensitivity or decline in heat-
related mortality may not be as pronounced in the future since access to air conditioning is already high in
most regions (Ebi et al., 2008). We note that recent work by Sheridan et al. (2009) indicates that the
general decline in heat-related deaths that had been observed since the 1970s leveled off in the mid-
1990s, which is summarized the latest assessment literature (Karl et al., 2009) and the TSD. Additional
discussion of air conditioning can be found in response 5-52.

Comment (5-49):

A commenter (3136.1) indicates that the TSD’s statement that “possible implications for human health of
these projected changes in temperature extremes are discussed in Section 7(b)” is misleading, as it
contains no reference to the highly documented phenomenon of adaptation to increasing heat-wave
frequency. They suggest that EPA might substitute “some implications,” which they state is more honest
and also weakens the TSD as support for endangerment.

Response (5-49):

EPA notes that these comments pertain to the TSD associated with the ANPR released in July 2008.
Reflecting this comment, we updated the version of the TSD released with the April 2009 proposal to
include information about heat sensitivity to increasing temperatures in the context where the underlying
references already take into account certain assumptions about adaptation in the context of climate
change.

See the Findings, Section I11.C, “Adaptation and Mitigation,” for our response to comments on the
treatment of adaptation and mitigation in the Findings.

Comment (5-50):

A commenter (3136.1) indicates that just because there are more elderly people living now and in the
future does not mean they are at greater risk. If they were, the commenter indicates, life expectancy could
not be increasing. The commenter notes that older adults are clearly living longer despite increased
exposure to heat. The commenter posits that it is a hard argument to make that future heat wave mortality
will increase despite the fact that historically the trend has been exactly the opposite, even with increasing
heat and humidity. According to the commenter, the fact that more of the populace tends to live in cities
but that age-adjusted death rates have not increased over time in these areas actually weakens EPA’s
argument for CO, impacts. Another commenter (3347.3) states that EPA incorrectly assumes that heat-
related mortality risks will increase as the U.S. population ages because it ignores the likelihood of further
development of climate-mitigating technology over this period.

Response (5-50):

EPA has reviewed the commenter’s argument and finds that the reasoning is flawed and the conclusions
are not supported by the scientific assessment literature. EPA notes that life expectancy is increasing in
the United States and other developed countries for a variety of reasons (e.g., economic growth, public
health measures, and technology). The fact that life expectancy is increasing does not mean that the
mortality rate associated with every cause of death is declining, however. To the contrary, we know that
death rates from some causes can and are increasing while others are decreasing, and that the overall trend
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in recent years has been lower mortality from all causes combined. Thus, EPA concludes that life
expectancy and heat-related mortality can both increase as long as some other factor(s) exceed(s) the rate
of change in heat-related mortality. The issue before EPA concerns the impact of temperature-related
mortality, and how this impact might incrementally affect the otherwise expected trends in life
expectancy mortality.

In addition, the assessment literature unambiguously indicates that advanced age represents one of the
most significant risk factors for heat-related death in the United States, and this is summarized in the
TSD. Increased life expectancy and projected growth in older age brackets (e.g., the aging baby boomer
generation, as noted in assessment literature) will increase the overall number of vulnerable individuals
who may be exposed to more extreme heat conditions in the future (under documented climate change
scenarios).

Finally, commenters are assuming that the risks posed to the elderly by an increase in heat waves will be
modulated by adaptive actions. See the Findings, Section I11.C, “Adaptation and Mitigation,” for our
response to comments on the treatment of adaptation and mitigation in the Findings.

Comment (5-51):

Commenters (3136.1, 3316.1, and 3596.1) contend that EPA misinterprets the series of the Davis et al.
(2002, 2003, and 2004) studies summarized in the TSD (as cited in the assessment literature) due to the
juxtaposition of the April 2009 statement:

Estimates of heat-related mortality attributable to climate change are reduced but not
eliminated when assumptions about acclimatization and adaptation are included in
models. Confalionieri et al. (2007) cite a series of studies that suggests populations in the
U.S. became less sensitive to high temperatures over the period 1964 to 1988, in part, due
to these factors.

with the statement it precedes:

On the other hand, growing numbers of older adults will increase the size of the
population at risk because of a decreased ability to thermo-regulate is a normal part of the
aging process (Confalonieri et al., 2007). In addition, according to a study in Confalonieri
et al. (2007), almost all the growth in population in the next 50 years is expected to occur
in cities where temperatures tend to be higher due to the urban heat island® effect
increasing the total number of people at risk of adverse health outcomes from heat.

The commenters state the Davis et al. papers show that heat-related mortality is lowest in U.S. cities that
have the oldest population distributions (Tampa and Phoenix). The commenters indicate that it is true that
as the population ages, the number of individuals susceptible to extreme heat effects increases, but this
has nothing to do with climate change. Further, the commenters indicate that the effects of population age
structure are accounted for in the Davis et al. (2003) papers and the results indicate that the overall
population’s sensitivity to extreme heat has been declining across the United States, including for the
elderly, from the 1960s through the 1990s. The commenters note the TSD indicates 1988 as the ending of
the time period for this study, whereas it should be 1998.

Response (5-51):

We have carefully reviewed the TSD and find we have not misinterpreted the findings from Davis et al.
The fact that some of the cities with the oldest population distributions have the lowest heat-related
mortality as demonstrated in Davis et al. does not alter the fact that the population of this most vulnerable
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age-group is projected to grow. It is well-established cities like Tampa and Phoenix that have lower heat-
related mortality, as measured in terms of excess deaths, because climate variability is less there and the
population is generally acclimated to warm temperatures (Curriero et al., 2002). Cities with highest
climate variability, such as those in the Midwest and Northeast, are likely to experience the greatest
number of illnesses and deaths in response to changes in summer temperatures (e.g., see McGeehin and
Mirabelli, 2001; Curriero et al., 2002).

We agree with the commenters that projections for an increasing elderly population are independent of
climate change and note the April 2009 and final TSD state: *...non-climatic factors related to
demographics will have a significant influence on future heat-related mortality.”

Please refer to response 5-48 for a discussion of the Davis et al. finding that the population’s sensitivity to
extreme heat has been declining. We also note that recent work by Sheridan et al. (2009) indicates that the
general decline in heat-related deaths that had been observed since the 1970s leveled off in the mid-
1990s, which is summarized the latest assessment literature (Karl et al., 2009) and the TSD.

EPA has updated the final TSD to reflect the study period (1968 to 1998) in reference to the series of
studies (Davis et al., 2002, 2003, and 2004) cited by IPCC.

Comment (5-52):

Commenters (3347.1, 3347.3) assert that EPA incorrectly assumes that routine social and economic
adaptation to temperature changes will not occur despite the increasing availability of air conditioning
with increases in income. One of these commenters (3347.3) contends that clear historical evidence shows
that air conditioning use reduces mortality in extreme heat events and refers to literature demonstrating
the benefits of air conditioning in terms of reduced health effects from heat (e.g., Kilbourne et al., 1982;
Kalkstein, 1993; Semenza et al., 1996, Davis et al., 2004; Seretakis et al., 1997; Basu and Samet, 2002).
The commenter states although the use of air conditioning has grown continuously as Americans’
incomes have risen and technology prices have fallen, EPA assumes that growth will now stop. The
commenter refers to census data showing that the percentage of housing in the United States without air
conditioning decreased from 46.5% in 1978 to 19.2% in 2005. The commenter cites a study (Stern et al.
cited in Kalkstein et al., 1997) that projects that air conditioning will be “nearly universal” in 2050 and
refers to a mathematical relationship between the availability of air conditioning and income (from Issaac
and van Vuuren, 2009).

Response (5-52):

We do not assume that adaptation to temperature change will not occur and we find that the assessment
literature suggests access to air conditioning is already high, if not reaching near saturation. Nonetheless,
heat continues to harm or kill people in the United States.

As discussed in response 5-7, the TSD now states: “human health risks from climate change will be
strongly modulated by changes in health care, infrastructure, technology, and accessibility to health care
(Field et al., 2007).” Regarding air conditioning, we agree with the commenter that air conditioning
reduces mortality in extreme heat events. We have reviewed the literature submitted on this issue and
concur with findings presented. And we also agree with the statistics cited by the commenter showing that
the percentage of housing in the United States without air conditioning has decreased. In fact, the TSD
now states that the assessment literature has found access to air condition is high in most regions of the
United States (Ebi et al., 2008).

Despite the increase in air conditioning, the assessment literature refers to Sheridan et al. (2009), which
finds that the general decline in heat-related deaths observed from the 1970s to the mid-1990s seems to
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have leveled off. This information is now summarized in the TSD. This evidence suggests that people
remain subject to adverse health effects from heat in spite of increasing access to air conditioning.
Furthermore, studies and reports from past heat events (e.g., National Weather Service, 2004; Sheridan,
2007; Luber and McGeehin, 2008) have demonstrated that not everyone with access to air conditioning
uses it during heat events due to their financial situation and/or cognitive impairments. In other words,
even if air conditioning prevalence were to increase independent of climate change, the evidence suggests
that there would still be heat-related mortality risk.

Accordingly, despite projections in the references submitted for increasing access to air conditioning for
the future—which we do not dispute—it is not clear that adverse heat-related health outcomes will
decline. Finally, the argument that increased risk from hotter temperatures will be compensated for by
technology (e.g., air conditioning) and/or adaptation (which are interrelated) is not relevant in the context
of these Findings. See the Findings, Section I11.C, “Adaptation and Mitigation,” for our response to
comments on the treatment of adaptation and mitigation in the Findings.

Comment (5-53):

Commenters (3502.1, Commonwealth of Massachusetts and the States of Arizona, California,
Connecticut, Illinois, lowa, Maine, Maryland, New Jersey, New Mexico, New York, Oregon, Rhode
Island, Washington, and New York City) submit a 33-page document, including a manuscript of a paper
accepted for publication in the July 2009 issue of Journal of Epidemiology entitled “Extreme High
Temperatures and Hospital Admissions for Respiratory and Cardiovascular Diseases” (Lin et al., 2009).
The commenters indicate that the study found the following: For each degree increase in temperature
above a threshold (28.9°C), there was a significant increase in hospitalizations due to respiratory diseases
on the same day (immediate effects). Similarly, for each degree increase above a threshold (29.4°C), there
was a significant increase several days after exposure in hospitalizations due to cardiovascular diseases
(likely due to the fact that it can take several days for cardiovascular effects to manifest). The diseases
most associated with rises in temperature were asthma, chronic pulmonary obstructive disease, ischemic
heart disease (heart attacks), and abnormal heart rhythms. For respiratory diseases, the risks for Hispanics
were higher than those for non-Hispanics, and people living in low-income neighborhoods were at higher
risk than those in high-income neighborhoods. Elderly people also had higher increased hospitalization
risks for both disease types.

The commenters indicate that based on the results of the Lin et al. (2009) study, it is reasonable to
conclude that the number of hospitalizations can be expected to significantly increase in the future due to
a warming climate. In addition, the commenters indicate the results of this study further confirm EPA’s
conclusion that GHG emissions endanger public health. The commenters state: “We concur with EPA’s
approach to its proposed finding as to public health and strongly agree that even though the projected
risks and impacts to public health are indirect, as opposed to resulting from direct exposure to greenhouse
gas emissions, they constitute reasonably anticipated endangerment within the meaning of the statute.”

Response (5-53):

EPA has reviewed the submitted reference and finds that it is consistent with the literature summarized in
the TSD. The study (manuscript) by Lin et al. (2009) provides information on the association of high
temperatures and morbidity, which is useful since such data are limited. It supports the TSD summary of
the assessment literature, which finds: “Hot temperatures have also been associated with increased
morbidity. A study cited in Field et al. (2007) indicates increased hospital admissions for cardiovascular
disease and emergency room visits have been documented in parts of North America during heat events.”
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Comment (5-54):

A commenter (3722) indicates that the health impacts and mortality associated with increased temperature
are considerably less than those associated with cold; and that anticipated warming over the next 50 to
100 years will actually decrease mortality. The commenter suggests that this is not a new issue and that
older literature supports their assertion. The commenter (3722RI0A, B, C, D) submits four references in
support of their comments (Bull, 1973; Bull and Morton, 1975a, 1975b, 1978). These references are also
cited by the NIPCC report entitled, “Climate Change Reconsidered” (Idso and Singer 2009) (as
referenced by commenter 7031, for example), which also contends that these studies suggest mortality
decreases as temperatures rise.

Response (5-54):

EPA has reviewed the submitted references and we do not find they support the commenter’s assertion.
These studies mainly apply to England and Wales; in the one study that analyzes New York City, the
results do not imply that warm weather reduces mortality rates.

These studies were published in the 1970s, and discuss the relationship of temperature changes and
changes in death rates of specific health conditions. They are primarily focused on studying the
relationships between temperature change and the health response of myocardial and cerebral infarction,
particularly in the elderly.

We first note that the first three of the studies listed above find that changes in temperature typically are
inversely associated with death rates except for stroke, and the second study (Bull and Morton, 1975a)
does find that high temperature on the day of onset is associated with an increase in deaths on that day.
These studies, however, were conducted in England and Wales, which do not experience the same climate
variability as many parts of the United States; therefore, the results may not be applicable in the United
States (see response 5-40 for further discussion).

We note that the most recent of the four studies (Bull and Morton, 1978), which includes New York City
in its analysis, obtains results that differ importantly from the first three studies. It finds in all three
locations, but particularly New York, “[a]bove 20°C deaths rise steeply as the temperature rises...,”
demonstrating the lethal effect of high temperatures, particularly for a U.S. location with a strongly
variable climate. The study concludes: “there is a close association between temperature and death rates
from most diseases and at all temperatures.”

Importantly, these studies do not directly address climate change or long-term trends in health effects
related to climate variables. Since their publication, many studies that are specifically focused on the

impacts of climate change on health in the United States have been published, and the findings of this
literature are summarized in the TSD.

Comment (5-55):

A commenter (3187.3) indicates that the claim that warming increases morbidity rates is a myth. The
commenter states that Dr. Robert Mendelsohn, an environmental economist from Yale University, argues
that heat-stress deaths are caused by temperature variability, not warming, and that those deaths grow in
number not as climates warm but as the variability in climate increases. The commenter notes that excess
deaths are greatest in metropolitan areas among the elderly and when the nighttime readings stay high
(80°F or greater) and the heat lasts more than a few days.

Response (5-55):
We disagree with the commenter’s contention that warming will not increase morbidity or mortality.
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(We note the comment indicates that morbidity does not increase with climate warming; however, the
substance of the comment is related to mortality. Although both morbidity and mortality are important in
terms of human health impacts and risks from climate change, EPA does not view these terms as
interchangeable.) The assessment literature, as cited in the TSD, is very clear that excessive heat
contributes to increases in both morbidity and mortality.

The commenter indicates that Dr. Robert Mendelsohn argues that heat-stress deaths are caused by
temperature variability and not a warming climate. We disagree with this argument and, furthermore, find
that the commenter does not substantiate the claim that Mendelsohn makes this argument. Numerous
studies (e.g., Kalkstein and Greene, 1997; Curriero et al., 2002; Davis et al., 2003a; Laaidi et al., 2006)
find that temperature-related mortality increases when threshold conditions, typically defined exclusively
or in large part by temperature measures, are crossed. If climate change increases the probability of a
location exceeding that threshold, mortality will rise, all else being equal. The commenter refers to
Mendelsohn’s book (Mendelsohn and Neumann, 1999), but we find no statement in that book to indicate
that heat-stress deaths are not caused by a warming climate. In the introductory chapter, authors
Mendelsohn, Smith, and Neumann summarize a study by Kalkstein and Davis (1989) that finds that
climate change could increase heat stress mortality. However, the authors then state: “These judgments
about sizable health effects from climate change may be premature. Uncertainties about the role of
climate variability and human adaptation to heat stress make it difficult to predict the magnitude of the
effect.” Though the authors express some skepticism about the results of Kalkstein and Davis (1989), this
is not at all the same as stating that heat stress deaths are not caused by a warming climate. We further
note the book was published in 1999, and we now have a decade of additional science, which the TSD
summarizes.

We agree that the risks from heat waves are highest for older adults and that heat waves of long duration
with high nighttime minimum temperatures are often deadly.

Comment (5-56):

A commenter (0300) claims that the greenhouse effect will have beneficial moderation of nighttime low
temperatures, but no effect on daytime highs, because clouds from water vapor feedback warm at all
hours but cool during the day. Another commenter (3411.1) refers to the study of Robeson (2002) which
shows temperature variability has declined with warming in the United States.

Response (5-56):
We disagree that daytime highs will not increase and that the effects of warming nighttime minimum
temperature will have beneficial effects on human health.

While the observational record in the United States has shown greater increases in minimum temperatures
than maximum temperatures in recent decades (as noted in Robeson, 2002), daytime highs are still rising.
The TSD, citing the assessment literature (Field et al., 2007; Kunkel et al., 2008) notes in Section 4(c)
that “daily minimum (nighttime) temperatures have warmed more than daily maximum (daytime)
temperatures” but also states in Section 4(k) that “the annual percent of days exceeding the 90th, 95th,
and 97.5 percentile thresholds for both maximum (hottest daytime highs) ... have increased.” These
statements are further supported by a recent study by Me