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INTRODUCTION
I, Howard Frumkin, am a physician and epidemiologist specializing in environmental health. I
have been retained by the Plaintiffs to give my expert opinion on the health impacts of climate
change, with particular emphasis on those impacts affecting children, and on present and future
health impacts that will affect today’s young people as they reach adulthood at a time of ongoing
climate change.

QUALIFICATIONS
My professional training includes a medical degree from the University of Pennsylvania, masters
and doctoral degrees in public health from Harvard University, residency training in Internal
Medicine at the University of Pennsylvania and Harvard, and residency training in
Environmental and Occupational Medicine at Harvard. I held faculty positions at the University
of Pennsylvania School of Medicine (1988-90) and at Emory University’s Rollins School of
Public Health (1990-2005) and served as the Director of the National Center for Environmental
Health and Agency for Toxic Substances and Disease Registry at the U.S. Centers for Disease
Control and Prevention (2005-2010) and as Special Assistant to the Director for Climate Change
and Health (2010) before joining the faculty at the University of Washington as Dean of Public
Health, in 2010. I served as Dean through 2016 and subsequently as Professor in the Department
of Environmental and Occupational Health Sciences. Commencing in May 2018, I will be
heading the “Our Planet, Our Health” (“OPOH”) initiative at the Wellcome Trust. OPOH is one
of the world’s leading research funding initiatives at the intersection of human health, climate
change, urbanization, and food systems--the emerging paradigm known as planetary health.
OPOH supports research on six continents, using a wide range of methods and perspectives.
OPOH is committed to improving the evidence base in planetary health, to communicating that
evidence effectively, and to engaging with governments, civil society, and the private sector to
translate evidence into action to meet major environmental and health challenges.
Climate change and its impact on health have been one of my principal academic and scientific
interests for over 20 years. I have followed the scientific literature closely during that time, and
have published numerous research papers and book chapters (see Exhibit A). I have participated
in writing and reviewing high-level reports on the health impacts of climate change, including
reviewing, evaluating, and summarizing the evidence used in those reports. As a member of the
Children’s Health Protection Advisory Committee at the U.S. Environmental Protection Agency
(EPA), I chaired the Committee’s Climate Change working group. While working at the CDC, I
initiated and oversaw the formation of that Agency’s Climate and Health program, and served as
the principal advisor to the Director on health aspects of climate change. I represented the CDC
to the U.S. Global Climate Research Program. I served on the Advisory Board of the Yale
Climate and Energy Institute, and on the American Association for the Advancement of Science
Climate Science Panel. Beginning in May 2018, I will head the “Our Planet, Our Health”
initiative at the Wellcome Trust in London, one of the world’s largest sources of support for
research at the intersection of health and climate change. I have spoken to numerous medical,
public health, and other audiences on health aspects of climate change, and have taught this
subject to undergraduate and graduate students.

1

Case 6:15-cv-01517-TC

Document 259-1

Filed 06/28/18

Page 5 of 51

This report contains my opinions, conclusions and the reasons therefore. My current curriculum
vitae and a list of my relevant publications, is contained in Exhibit A to this expert report. My
report contains citations to sources I have used or considered in forming my opinions, listed in
Exhibit B. I am working pro bono to prepare this expert report in this action.
The opinions expressed in this expert report are my own and are based on the data and facts
available to me at the time of writing. All opinions expressed herein are to a reasonable degree of
scientific certainty, unless otherwise specifically stated. Should additional relevant or pertinent
information become available, I reserve the right to supplement the discussion and findings in
this report.

EXECUTIVE SUMMARY
Climate change, due in large part to human activity (principally the combustion of fossil fuels,
and to a lesser extent land use changes and the release of climate-active air pollutants), threatens
human health and well-being through a variety of pathways. The impacts on people can be
divided into several categories: temperature-related effects; the effects of severe weather and
disasters; the impact of reduced air quality; aggravation of allergies; increased risk of infectious
diseases; nutritional effects; population displacement; civil conflict; and mental health impacts.
While these risks, to some extent, will affect everybody, some groups are especially vulnerable,
and children comprise one such group. The Plaintiffs in this case exemplify these vulnerabilities.
Moreover, today’s children will be tomorrow’s adults, and will bear the risks that unfold over
coming decades as the effects of climate change intensify. Climate change poses serious risks to
the health and well-being of the Plaintiffs in this lawsuit.

EXPERT OPINION
Overview
Climate change affects human health through a range of pathways, as shown in Figure 1. Some
of these are direct, such as the injuries that occur in a climate-related disaster. Some are indirect,
such as nutritional challenges that result from climate impacts on crops. Still others are mediated
through social processes, such as conflicts. The health effects of climate change have been
extensively inventoried and reviewed, by the Intergovernmental Panel on Climate Change
(IPCC),1 by the Federal government,2,3 in academic journals,4-6 and in books.7-9 Children
represent a particular risk group, and the impacts of climate change on children have been
specifically reviewed as well.10-13 Below, I summarize the major health impacts of climate
change, as recognized by the scientific community.
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Figure 1: Processes and pathways through which climate change affects human health. Source: 4

Temperature-related effects
Excessive heat—both during severe heat waves and as a long-term “new normal”—threatens
health and well-being in numerous ways. Medical consequences range from relatively minor,
self-limited conditions, such as heat rash and cramping, to severe and possibly fatal outcomes,
such as heat stroke. More consequentially from a population point of view, mortality rates rise
during periods of heat, mostly due to increases in cardiovascular deaths.14 For example, the 1995
Chicago heat wave caused approximately 700 excess deaths;15 the 2003 European heat wave had
an impact two orders of magnitude higher, at an estimated 70,000 excess deaths;16 and the 2010
Russian heat wave caused 11,000 excess deaths.17
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In addition to these lethal effects, heat is
associated with a range of other impacts,
from increased risk of kidney stones18,19 to
impaired sleep,20 from increased
violence21,22 to substantial reductions in
work capacity (with serious social and
economic consequences).23,24 Concomitant
trends affect the risk posed by heat. For
example, urbanization concentrates people
in metropolitan areas, where the urban heat
island effect amplifies the impact of rising
temperatures.25,26 Similarly, heat not only
creates its own risks, but also reduces air
quality by driving ozone formation; ozone
is a respiratory toxin.27 Some
acclimatization to heat is possible, both
physiologically and socially (through such
means as air conditioning), but there are
limits to adaptability. In coming years,
extremely hot days will become more
common (Figure 2).28 Warmer weather
will reduce the number of cold-related
deaths in some areas, but not enough to
compensate for projected increases in heatrelated deaths.29 Deprived populations
such as the poor, those who are socially
isolated, people of color, the very old,
people with certain medical conditions, and
outdoor workers are at especially high risk
from severe heat.3,30,31 Importantly, so are
young people.32 The risk begins as early as
the prenatal period (heat increases the risk
of preterm birth33-35) and continuing into
infancy (a high-risk age group for mortality
during heat waves32), later childhood
(children’s visits to physicians and
emergency rooms increase
disproportionately during heat waves32,36),
and the teen years (when hot days endanger
high school athletes37).
Figure 2. The number of days each year over 100F later
this century. Source: Karl TR, Melillo JM, Peterson TC,
eds. Global Climate Change Impacts in the United
States. Cambridge and New York: Cambridge University
Press; 2009.
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Severe weather and disasters
Severe weather events have been rising in frequency in recent decades, and continued increases
are predicted.38,39 For example, a recent analysis considered sea level together with wave, tide,
and storm surge models; the authors reported that extreme flooding will become substantially
more frequent along the Pacific coast, from California to Washington state, by 2050.40 Such
events are dangerous. Floods, hurricanes, and severe storms can cause traumatic injuries and
death at the time of their occurrence. Other health impacts can persist well beyond the acute
phase. In the short term, for example, before power is restored, people who utilize propane
burners and generators face a risk of carbon monoxide poisoning.41 Disasters often disrupt
medical care, and can destroy clinical facilities, interfering with acute and chronic medical
care.42,43 Following floods, homes can experience extensive mold growth, posing respiratory
risks.44 In contrast to severe storms, droughts unfold more slowly, over months to years,
threatening health in a range of ways: infectious disease risks due to reduced water quality and
quantity, respiratory risks due to reduced air quality, and mental health risks.45 In the aftermath
of disasters, people’s lives may be upended and their livelihoods compromised, and they may be
forced to relocate; these outcomes threaten mental health, manifested in elevated rates of anxiety,
depression, post-traumatic stress disorder, substance abuse, and domestic violence following
disasters.46 Deprived populations, such as poor and minority communities, and communities
located in vulnerable places, are at increased risk from disasters caused or intensified by climate
change.47,48 Again, children face disproportionate risk from extreme events.49 As noted by the
American Academy of Pediatrics, “Extreme weather events place children at risk for injury, loss
of or separation from caregivers, exposure to infectious diseases, and a uniquely high risk of
mental health consequences, including posttraumatic stress disorder, depression, and adjustment
disorder. Disasters can cause irrevocable harm to children through devastation of their homes,
schools, and neighborhoods, all of which contribute to their physiologic and cognitive
development.”10
Air quality
Climate and other environmental changes affect the air that people breathe in diverse ways.
First, the combustion of fossil fuels—a root cause of climate change—is also a leading source of
many air pollutants (https://www.epa.gov/air-emissions-inventories). Air pollutants, including
particulate matter, ozone, oxides of sulfur and nitrogen, and others, increase the risk of
cardiovascular disease, respiratory disease, cancer, and other illnesses.50 These impacts are so
extensive that they generate billions of dollars in health care costs each year nationally.51-53
Climate change affects air quality in at least two other important ways.54,55 First, warmer
temperatures drive the formation of ozone, a respiratory toxin.54,56 Higher ozone levels are
reflected in increases in respiratory symptoms, lost work and school days, hospital and
emergency department visits, and premature deaths.
Second, drier, hotter weather and degraded forests (due to such factors as pest infestations) have
resulted in more frequent wildfires.57 Wildfires release large amounts of smoke, a
cardiopulmonary risk for those downwind.58,59 For example, during September 2017 wildfires in
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the region caused those Plaintiffs from Washington and Oregon to be exposed to hazardous
levels of smoke for several days in a row (Figure 3).

Figure 3: Air quality suffers due to wildfire smoke in Lane County, Oregon. The Air Quality Index for September 5,
2017, as reported by Lane Regional Air Protection Agency.

People with respiratory conditions such as asthma are especially susceptible to the effects of air
pollutants.60 So are children, owing to their narrow airways, their relatively high respiratory
rates, and other factors;61 as a result, worsening climate change, and resulting air quality
degradation, are projected to pose a particular risk for children.62
Allergies
Climate change can exacerbate allergies in several ways. First, some allergenic plants such as
ragweed and some allergenic trees experience faster growth and a prolonged growing season—a
trend that has been documented in many parts of the United States.63,64 Second, these plants can
produce more pollen (Figure 4). Third, the amount of allergenic proteins contained in pollen
can increase.65,66 The result is increased suffering for people with allergies.67
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Figure 4. Rising ragweed pollen counts with rising CO2 levels. Karl TR, Melillo JM, Peterson TC, eds. Global
Climate Change Impacts in the United States. Cambridge and New York: Cambridge University Press; 2009.

Climate change also is also likely to exacerbate allergy symptoms, as well as asthma, through
indirect pathways. For example, climate change worsens air quality—a problem for people with
allergies since air pollution potentiates allergic symptoms.68 Similarly, climate change is
associated with more frequent thunderstorms, which are in turn associated with exacerbations of
asthma and allergic symptoms.69-72 As asthma and allergies have become more widespread in
recent years, the at-risk population for these impacts has also grown.73-75 Allergies are highly
prevalent among children,76 and can affect their physical and emotional health by interfering
with sleep, play, and school attendance and performance.77-79
Harmful algal blooms
Harmful algal blooms (HABs) occur when colonies of algae along seacoasts or in fresh water
bodies proliferate, and produce toxic effects on people, pets, aquatic species, and birds. The
causes of harmful algal blooms are complex, but growing evidence suggests that climate change
contributes to these events.80-82 Human illnesses from HABs, while not common, can feature
severe symptoms ranging from diarrhea to respiratory illness to neurotoxicity, and may even be
fatal.83,84 HABs can harm people in other ways, by limiting recreational opportunities and the
ability to eat fish and shellfish. Children are at particular risk from HABs due to their smaller
body size, risky behaviors, and developmental stage.85
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Infectious diseases
Climate change is likely to increase the risk of infectious diseases.86 Two main categories of
disease are especially salient: vector-borne diseases, and water- and foodborne diseases.
Vector-borne diseases are those that are spread by mosquitoes, ticks, and similar organisms.87
Mosquitoes transmit such diseases as dengue fever,88 malaria,89 and West Nile virus;90 and ticks
such diseases as Lyme disease.91-93 Many features of climate change can promote disease
spread: changes in rain patterns that enhance mosquito habitat; changes in temperature that
accelerate vector metabolism, breeding, and feeding; changes in vegetation that favor tick
proliferation.94 Some vector-borne diseases, such as Lyme disease, have expanded their
geographic range and/or seasonal distribution in recent years (Figure 5;
www.cdc.gov/lyme/stats/index.html). This trend is expected to continue in coming decades due
to ongoing and worsening climate change (Figure 6).91,95

Figure 5: Increase in reported cases of Lyme disease in the US, in 2001 (on left) and 2015 (on right). Source:
Centers for Disease Control and Prevention.

Figure 6: Projected expansion of conditions favorable to ticks that transmit Lyme disease. Source: Melillo JM,
Richmond TC, Yohe GW, eds. Climate Change Impacts in the United States. U.S. National Climate Assessment.
U.S. Global Change Research Program, 2014. https://www.globalchange.gov/browse/multimedia/projectedchanges-tick-habitat.
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Other vector-borne diseases, such as dengue fever, which were previously rare in the U.S. except
in returning travelers, have begun to appear as locally acquired cases in several states during the
last decade,96,97 and the risk of these diseases is expected to grow with advancing climate
change.98 Vector-borne disease spread is complex, and depends on many factors other than
climate change, such as land use changes and the use of protective strategies (e.g., window
screens, insect repellant). But continued climate change is likely to bring continued increased
risk.
Also important are infectious diseases transmitted by water and food, such as cholera,99
salmonella, and campylobacter.100 The risk of these conditions may increase due to changes in
hydrology, pathogen biology, and other factors. Two cardinal features of climate change are
associated with increases in waterborne diarrheal diseases: warm weather101,102 and severe
rainfall events.103,104 This suggests that continued climate change will increase the risk of
waterborne infections. Foodborne diseases and waterborne diseases are closely linked, since
food is often contaminated by water, and since the conditions that promote one also promote the
other. Accordingly, climate change is expected to increase the risk of foodborne diseases as
well.105
Evidence links other infectious diseases with climate and/or weather. One example is fungal
diseases, because temperature, moisture, and wind conditions affect the growth and dispersal of
fungi. Coccidioidomycosis, or “Valley Fever,” is a fungal infection found mainly in Arizona and
California. The incidence of this disease has risen considerably in recent decades,106 and it has
appeared in previously disease-free locations such as eastern Washington state.107 There is
evidence that changing rainfall patterns have contributed to this increase.108,109 Another example
is Naegleria fowleri, an amoeba that causes a devastating brain infection, primary amebic
meningoencephalitis (PAM). This disease is acquired by swimming in contaminated water.
Because lakes cannot support the Naegleria amoeba below a certain temperature, this has been a
disease of the southern U.S. However, it recently emerged in Minnesota, where it killed a child.
Investigation revealed that lake water where the child had swum and contracted the infection had
reached record high temperatures.110 Such risks—some known, some not yet recognized—will
be a feature of continued climate change.
For many infectious diseases, those at greatest risk include the very young, the very old, and
people with certain underlying illnesses or who are immunocompromised. Children have
immature immune systems, and less resilience than adults to some abnormalities such as
dehydration (a result of severe diarrhea).
Nutrition
Climate change threatens agricultural productivity in many parts of the world through complex
pathways, including the effects of extreme heat, storms, droughts, and flooding; pests and weeds;
and rising ozone levels.111-113 Compounding these impacts on crops themselves is reduced work
capacity among farmers.24 The quantity of crops produced is not the only concern; quality also
suffers. The protein and nutrient content of some grains and legumes, including wheat, rice,
corn, and soy, declines with rising atmospheric concentrations of carbon dioxide (CO2).114 Fish
represent a substantial source of dietary protein for many populations, but global fisheries,
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already compromised by overfishing,115 are threatened by climate change, especially at low to
mid-latitudes,116,117 and aquaculture—potentially an important adaptation—is particularly
threatened by ocean acidification.118 Livestock production, including animal growth and milk
production, is depressed with hot weather and other features of climate change.119 Some regions,
such as northern Canada and Russia, will enjoy improved agricultural output, but many more
will suffer declines. When food supplies fall short of demand, prices rise, a special hardship for
people who are food-insecure—including about one in eight U.S. households.120 Families that
have difficulty making ends meet tend to purchase less costly, less nutritious, calorie-dense
foods121,122—a contributor to a range of chronic diseases.
Population displacement
In the U.S., as in much of the world, human habitation is concentrated in areas that are
vulnerable to climate change—along coasts and rivers, and in warm climates. Some populations
may be displaced with climate change, as drought, sea level rise, and severe weather events
create shortages of food, water, and habitable land in vulnerable places.123,124 This may occur
relatively acutely, such as after a major disaster, or more deliberately and over a longer time
frame, as places become progressively less habitable (or as it becomes prohibitively expensive to
keep them habitable).125,126 Key health risks among displaced populations relate to infectious
diseases, nutrition, reproductive health, and mental health and psychosocial stressors.127,128
Children are especially vulnerable to these impacts, especially those related to psychosocial
stressors.129,130
Civil conflict
Worsening pressure on increasingly scarce resources, displaced populations, and other
destabilizing forces are risk factors for civil conflict.131-133 Changing weather patterns due to
climate change may have contributed to the Darfur conflict in the first decade of the present
century,134 and to the uprisings in Syria and Egypt in the following decade.135 Accordingly, the
U.S. Department of Defense has identified climate change as a serous security threat.136 The
implications for health are both direct, threatening the safety of U.S. service members required to
engage in armed conflicts, and indirect, diverting funds from health and other human services.
At a more granular scale, warming temperatures are associated with higher levels of
interpersonal violence,21,137 resulting in injuries and fatalities, lasting psychological damage, and
other harms.138 Children are vulnerable to lasting effects from exposure to violence during
childhood; such exposure is associated with medical, mental health, social, and behavioral
problems both during childhood and during the adult years.139-141
Mental health impacts
Climate change and environmental degradation can threaten mental health in several ways.
Disasters such as floods and hurricanes, as noted above, often result in large population burdens
of depression, anxiety, and other manifestations of post-traumatic stress,142 with children
especially vulnerable.129,130 The ongoing interruption of place attachment; the loss of
accustomed weather patterns, biodiversity and other environmental features; and the insecurity
that comes with uncertainty about the future, can trigger grief, distress, anxiety, and other mental
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disorders.143-145 People with mental illnesses are also more susceptible to heat, because of the
side effects of certain medications, inappropriate behavioral responses, and/or abnormal
physiological homeostatic mechanisms.146
Children have specific vulnerabilities
In the context of this litigation, the risks of climate change for children are especially relevant.
As noted above, children are particularly vulnerable to many of the health risks posed by climate
change.10,12,147 These include the effects of heat,32 drought,148 disasters149-151 and resulting
displacement,129 air pollution,152 allergen exposure,67 and many infectious diseases, from dengue
fever153 to diarrhea.154 As one recent commentary by a leading researcher noted, children “bear a
disproportionate burden of disease and developmental impairment from both environmental
pollution and climate change due to the combustion of coal, oil, gasoline, diesel and natural
gas.”155 Climate change poses a wide range of risks that directly target children.
The Plaintiffs in this case exemplify the risks discussed here
The Plaintiffs in this case exemplify the health risks discussed above. First, according to the
First Amended Complaint and Plaintiff declarations I reviewed, several of the Plaintiffs have
medical conditions that place them at risk of one or more of the impacts described above, in
particular asthma (Isaac V., Sahara V., Alex Loznak, and Nathan B.) and allergies (Levi D.,
Victoria B., Kiran Oommen, Jaime B., Zealand B., Sahara V., Avery M., Sophie K., Alex
Loznak, and Nathan B.). Second, several of the Plaintiffs live in places where impacts such as
wildfires, water scarcity, and coastal ecosystem changes have traumatized them and/or
constrained their outdoor recreation opportunities (Xiuhtezcatl M. in Colorado; Kelsey Juliana,
Tia Hatton, Kiran Oommen, Zealand B., Sahara V., Hazel V., Avery M., Miko V., Jacob Lebel,
and Alex Loznak in various parts of Oregon; Levi D. on the Florida coast; Journey Z. on the
Hawaiian coast; Jaime B. in Arizona; Aji P. in Washington; Sophie K. in Pennsylvania; Nicholas
V. in Colorado; and Nathan B. in Alaska). Outdoor recreation is an important means of
promoting children’s health and development,156-158 and interrupting access to such opportunities
compromises health. Few places are immune from the health threats posed by climate change;
for example, many of the Plaintiffs reside in Oregon, where climate-related risks to health have
been well documented by the Oregon Health Authority.159 Third, many of the Plaintiffs report
sadness, anxiety, and fear regarding the future, reflecting their awareness of the risks of climate
change; these reactions undermine mental health and happiness.160,161 This inventory of specific
risks in these individual children is by no means exhaustive; most of the risks discussed in this
testimony will operate, to a greater or lesser extent, on most of the Plaintiffs in this case, as
climate-related risks will affect all children. However, the broad nature of the health impacts of
climate change in no way diminishes the specific risks to these Plaintiffs.
Government awareness of risks posed to youth by climate change
In August 2005, the U.S. EPA’s Children’s Health Protection Advisory Committee sent a formal
letter to then-EPA Administrator Steven Johnson, entitled “Children’s Environmental Health and
Climate Change” (available at https://www.epa.gov/sites/production/files/2014-
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05/documents/8302005.pdf). As Chair of the subcommittee on climate change, I led the
preparation of that letter. The letter stated that
“Climate change will affect children’s environmental health, in some cases
disproportionately,” noting that “Children are especially vulnerable because of their
developing organ systems, their high risks of certain exposures, and other reasons.”
and recommended that
“EPA should use all available regulatory authority to reduce greenhouse gases [GHGs]
to avoid an irreversible course of global climate change with attendant harm to
children.”
Administrator Johnson responded in November 2005 (available at
https://www.epa.gov/sites/production/files/2014-05/documents/11182005.pdf) noting that: “The
Agency and the Bush Administration agree that climate change is a priority.”
In January 2013, the U.S. EPA published America’s Children and the Environment, Third
Edition, EPA 240-R-13-001. Among the important points made by this publication are the
following:
“America’s Children and the Environment, Third Edition (“ACE3”) is EPA’s
report presenting data on children’s environmental health. ACE brings together
information from a variety of sources….” (p. 6).
“Climate change may increase children’s exposure to extreme temperatures,
polluted air and water, extreme weather events, wildfires, infectious disease,
allergens, pesticides, and other chemicals. These exposures may affect children’s
health in a number of direct and indirect ways. It is important to note that
climate change will likely result in a mix of both positive and negative health
impacts. For example, warmer summers may increase the number of heat-related
injuries and deaths, while warmer winters may result in fewer cases of coldrelated injuries and deaths. (Footnote omitted.) The effects of climate change will
also vary from one location to another and will likely change over time as climate
change continues. (Footnotes omitted.) Furthermore, the human health risks
from climate change may be affected strongly by changes in health care advances
and accessibility, public health infrastructure, and technology. (Footnotes
omitted).” (p. 105).
“Climate change is likely to change the timing, frequency, and intensity of
extreme weather events, including heat waves, hurricanes, heavy rainfall,
droughts, high coastal waters, and storm surges. (Footnotes omitted.) These
events can cause traumatic injury and death, as well as emotional trauma.
Extreme weather events are also associated with increased risk of food- and
water-borne illnesses as sanitation, hygiene, and safe food and water supplies are
often compromised after these types of events. (Footnotes omitted.) One study
found that periods of heavy rainfall were associated with increased emergency
12

Case 6:15-cv-01517-TC

Document 259-1

Filed 06/28/18

Page 16 of 51

room visits for gastrointestinal illness among children. (Footnote omitted.) Heavy
rainfall may result in flooding, which can lead to contamination of water with
dangerous chemicals, heavy metals, or other hazardous substances from storage
containers or from preexisting chemical contamination already in the
environment. (Footnotes omitted.) Elevated temperatures and low precipitation
are also projected to increase the size and severity of wildfires. This can lead to
increased eye and respiratory illnesses and injuries, which include burns and
smoke inhalation. (Footnote omitted.) Extreme weather events can be especially
dangerous for children because they are dependent on adults for care and
protection. (Footnote omitted.)” (p. 106).
“Through various indirect pathways, climate change may lead to increasing
levels and/or frequencies of childhood exposure to harmful contaminants.
(Footnotes omitted.) Changes in temperature, rainfall, and crop practices related
to climate change are likely to affect exposure to pathogens, pesticides, and other
chemicals in a number of ways. Broader geographic distribution of pests and
increased growth of invasive weeds will likely lead to greater use of pesticides.
(Footnotes omitted.) Increased precipitation and increased variability in
precipitation are likely to increase pathogen and contaminant levels in lakes and
other surface waters. (Footnotes omitted.) The distribution of chemicals in the
environment is likely to change: for example, an increase in ice melts caused by a
warming climate may release some past emissions of globally transported
chemicals, such as polychlorinated biphenyls (PCBs) and mercury, that have been
trapped in polar ice. (Footnotes omitted.) Increasing concentrations of these
chemicals in the atmosphere, and subsequent deposition to land and water, have
the potential to increase concentrations of these chemicals in fish and other foods
derived from animals. Warmer water temperatures may also increase the release
of chemical contaminants from sediments, increasing their uptake in fish.
(Footnote omitted.) Climate change may result in children spending more time
indoors. Buildings that are tightly sealed in response to adverse weather
conditions may result in increased exposure to contaminants from poor
ventilation and higher concentrations of indoor pollutants such as radon,
environmental tobacco smoke, and formaldehyde. (Footnote omitted.)” (p. 107).
“Children are expected to be especially sensitive to the effects of climate change
for a number of reasons. Young children and infants are particularly vulnerable
to heat-related illness and death. (Footnote omitted.) Compared with adults,
children have higher breathing rates, spend more time outside, and have less
developed respiratory tracts—all making children more sensitive to air pollutants.
Additionally, children have immature immune systems, meaning that they can
experience more serious impacts from infectious diseases. (Footnote omitted.)
The greatest impacts are likely to fall on children in poor families, who lack the
resources, such as adequate shelter and access to air conditioning, to cope with
climate change. (Footnote omitted.)” (p. 107).
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Finally, ACE3 cites Chapter 9, the health chapter, of the Third National Climate Assessment.162
ACE3 does not directly quote from this chapter, but cites the chapter at numerous points,
including the following:
“Climate change is projected to harm human health in a variety of ways through
increases in extreme temperature, increases in extreme weather events, decreases
in air quality, and other facts.” (p. 25).
“There are a variety of other impacts driven by climate change that are expected
to pose significant health hazards, including increases in wildfire activity.” (p.
25).
“Extreme temperatures are projected to rise in many areas across the U.S.,
bringing more frequent and intense heat waves and increasing the number of
heat-related illnesses and deaths.” (p. 28).
“These physical impacts on water quality will also have potentially substantial
economic impacts, since water quality is valued for drinking water and
recreational and commercial activities such as boating, swimming, and fishing.”
(p. 32).
I have similarly communicated the health risks associated with climate change to Federal
governmental bodies in the past. For example, on April 9, 2008, I testified on “Climate Change
and Public Health” before the Select Committee on Energy Independence and Global Warming
of the United States House of Representatives. At the time, I was Director of the CDC’s
National Center for Environmental Health and of the U.S. Agency for Toxic Substances and
Disease Registry. A true and correct copy of my testimony is attached here as Exhibit C.
Among the additional points I made during my testimony were the following:
At p. 3, I noted that, while knowledge of the potential public health impacts of
climate change will advance in the coming years and decades, the following are
current best estimates of major anticipated health outcomes:
• Direct effects of heat,
• Health effects related to extreme weather events,
• Air pollution-related health effects,
• Water- and food-borne infectious diseases,
• Vector-borne and zoonotic diseases, and
• Other pathogens sensitive to weather conditions.
At p. 5, I stated that “climate changes will likely affect air quality by modifying
local weather patterns and pollutant concentrations, affecting natural sources of
air pollution, and promoting the formation of secondary pollutants. Studies show
that higher surface temperatures, especially in urban areas, encourage the
formation of ground-level ozone. Ozone can irritate the respiratory system, reduce
lung function, aggravate asthma, and inflame and damage cells that line the lungs.
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In addition, it may cause permanent lung damage and aggravate chronic lung
diseases.”
At p. 7, I observed some demographic groups are more vulnerable to the health
effects of climate change than others. Children are at greater risk of worsening
asthma, allergies, and certain infectious diseases.
Therefore, the public health risks I describe in this report have been well known by the Federal
government for a substantial period of time.
Today’s children will be tomorrow’s adults
Today’s children will not be children forever; they are tomorrow’s adults. After that, they will
reach old age. The risks of climate change will therefore play out over the course of their lives,
threatening today’s children with cumulative risks that intensify over coming decades. Some
exposures, sustained during childhood, raise the risk of adult diseases. Other risks will continue
to operate on them as adults. And given the current trajectory of climate change—steadily rising
temperatures, more chaotic weather, and related changes during coming decades—today’s
children can anticipate a lifetime of worsening risks. Each of the health effects described above
poses risks not only to children, but also to adults. And each of these risks is increasing.

CONCLUSION
Based on the foregoing discussion, it is my expert opinion that climate change disproportionately
threatens the physical and mental health, and well-being, of children as a class of people.
Today’s children already bear, and will continue to bear, a substantial climate health burden,
both in their youth, and cumulatively as they reach adulthood and mature into old age. At least
some of the Plaintiffs in this case, based upon their declarations and their allegations in the First
Amended Complaint and my expert opinion, are already suffering health problems of the type
that climate change aggravates and/or makes more likely, and such health impacts will worsen as
temperatures continue to rise. Government actions that further exacerbate the severity of climate
change, as well as the failure to take action to reverse climate change, represent substantial and
serious threats to the health of these children.
It is my expert opinion that, while adaptation can offer some protection, it cannot fully counter
the health risks of climate change, and that prevention is essential. Prevention, in this context,
means prompt and aggressive action to eliminate the human causes of climate change. This will
not prevent all of the public health impacts of climate change, since some are inevitable given
the “climate commitment” already in place,163 but it will reduce the risk and limit the cumulative
harms experienced over the lifetimes of these children.
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Signed this 10th day of April, 2018 in Seattle, Washington.

Howard Frumkin, MD, MPH, DrPH

16

Case 6:15-cv-01517-TC

Document 259-1

Filed 06/28/18

Page 20 of 51

EXHIBIT A
ABBREVIATED CURRICULUM VITAE
HOWARD FRUMKIN, M.D., M.P.H., Dr.P.H.
July, 2017
Address

Department of Environmental and Occupational Health Sciences
University of Washington School of Public Health
Box 354695
Seattle, WA 98195
E-mail frumkin@uw.edu

Education

A.B., 1977, Brown University, Providence
Magna cum laude, with Honors, in Science and Society
Thesis: Government of Health: The Formation of the Rhode Island
State Board of Health
M.D., 1982, University of Pennsylvania School of Medicine, Philadelphia
M.P.H., 1982, Harvard School of Public Health, Boston
Major Area: Occupational and Environmental Health
Dr.P.H., 1993, Harvard School of Public Health, Boston
Major Area: Epidemiology.
Thesis: Epidemiologic Studies of Asbestos

Postgraduate
Training

1982-1984: Intern and Junior Resident, Internal Medicine, Hospital of the
University of Pennsylvania, Philadelphia.
1984-1985: Senior Resident, Primary Care Internal Medicine, Cambridge
Hospital, Cambridge, MA.
1985-1987: Resident, Environmental and Occupational Medicine, Harvard
School of Public Health, Boston.
1985-1988: Fellow in Epidemiology, Harvard School of Public Health,
Boston.
2008-09: National Preparedness Leadership Initiative, Harvard University.

Employment

1988-1990: University of Pennsylvania School of Medicine, Section of
General Medicine and Clinical Epidemiology Unit:
Assistant Professor of Medicine
1990-2005: Emory University, Rollins School of Public Health:
Assistant to Full Professor and Department Chair, Environmental
and Occupational Health
2005-2010: U.S. Centers for Disease Control and Prevention:
Director, National Center for Environmental Health and Agency for
Toxic Substances and Disease Registry (2005-2010)
Special Assistant to CDC Director for Climate Change and Health
(2010)
2010-2018: University of Washington School of Public Health:

Exhibit A 1

Case 6:15-cv-01517-TC

Document 259-1

Filed 06/28/18

Page 21 of 51

Dean (2010-2016) and Professor of Environmental and
Occupational Health Sciences
2018-: Wellcome Trust, London, United Kingdom
Head, Our Planet, Our Health initiative
Board Certification

American Board of Internal Medicine, 1985.
American Board of Preventive Medicine (Occupational Medicine), 1988.

Relevant Service
Activities

Board service (previous):
 Bullitt Foundation
 Seattle Parks Foundation
 Washington Global Health Alliance
 Regional Open Space Strategy for Central Puget Sound
 Children and Nature Network
 U.S. Green Building Council
 Physicians for Social Responsibility
 American Public Health Association
 National Environmental Education Foundation
Committee service (current):
 National Academy of Science, Engineering, and Medicine,
Committee on Measuring Community Resilience
 ecoAmerica Climate for Health, Leadership Circle
 Global Consortium on Climate and Health Education (Columbia
University), Advisory Council
 Medical Society Consortium on Climate & Health (George Mason
University), Advisory Committee
 Canadian Urban Environmental Health Research Consortium,
Advisory Panel
Committee service (previous):
 Wellcome Trust, “Our Planet, Our Health” Funding Committee
(Chair) and Advisory Committee
 Planetary Health Alliance (Harvard University), Steering
Committee
 Yale Climate and Energy Institute, Advisory Board
 U.S. EPA Children’s Health Protection Advisory Committee
(Chair, Smart Growth and Climate Change Work Groups)
 Procter & Gamble, Sustainability Expert Advisory Panel
 National Academies of Sciences, Committee on the Challenge of
Developing Sustainable Urban Systems.
 National Academies of Sciences, Committee on Sustainability
Linkages in the Federal Government
 National Building Museum, Intelligent Cities Forum, Advisory
Board

Exhibit A 2

Case 6:15-cv-01517-TC

Professional
Engagement with
Climate Change

Editorial positions

Document 259-1

Filed 06/28/18

Page 22 of 51



Chaired the Climate Change work group of EPA’s Children’s Health
Protection Advisory Committee (2004-05)
 Initiated CDC’s Climate Change and Health program (2007)
 Special Assistant to the CDC Director for Climate Change and Health
(2010)
 Edited the special issue of the American Journal of Preventive
Medicine on Climate Change and Human Health (2008)
 Represented CDC at the US Global Change Research Program (200610)
 Reviewer for early editions of the National Climate Assessment health
chapter and lead author on the health chapter in NCA3 (2013-14)
 Reviewer for IPCC health chapters (2014)
 Served on the AAAS Climate Science Panel (2013-14)
Current:
 American Journal of Industrial Medicine
 Salud Pública de México
 Environmental Health Perspectives
 American Journal of Preventive Medicine
 ECOHEALTH
Previous:
 International Journal of Occupational and Environmental Health
 Annual Review of Public Health

Honors and Awards Valedictorian, Clarkstown High School (1973)
Valedictorian, Brown University (1977)
Bicknell Premium in American History, Brown University (1977)
Phi Beta Kappa, Brown University (1977)
Fellow, College of Physicians of Philadelphia (1989)
Fellow, American College of Occupational and Environmental Medicine
(1993)
Fellow, American College of Physicians (1993)
Great Teacher lectureship, Emory University (1998)
Fellow, Collegium Ramazzini (2001)
Betty Baker Environmental Justice Award, Community Against Pollution,
Anniston, Alabama (2004)
Environmental Professional of the Year, Georgia Environmental Council
(2004)
Emory University School of Medicine Dean’s Teaching Award (2004)
Atlas Award for co-editing a book addressing climate change (2012)
American Journal of Public Health Paper of the Year award, for “Aging,
Climate Change, and Legacy Thinking” (2013)
Honorary member, AIA Seattle (2014)
Residency fellowship, Rockefeller Foundation Bellagio Center (2015)
Elected member, Washington State Academy of Sciences (2017)
Multiple invited lectureships

Exhibit A 3

Case 6:15-cv-01517-TC

Relevant
publications
(selected from
>300)



















Document 259-1

Filed 06/28/18

Page 23 of 51

Frumkin H, Hess J, Luber G, Malilay J, McGeehin M. Climate
change: The public health response. Am J Public Health 2008;98:43545.
Frumkin H. Introduction. In: Bierbaum RM, Brown DG, McAlpine
JL, Eds. Coping with Climate Change. Proceedings of the National
Summit. May 8-10, 2007. Ann Arbor: University of Michigan, 2008.
Frumkin H, McMichael AJ. Climate change and public health:
Thinking, communicating, acting. Am J Prev Med 2008;35:403-10.
Hess J, Heilpern H, Davis TE, Frumkin H. Climate change and
emergency medicine: Impacts and opportunities. Acad Emerg Med
2009;16:782-94.
Stone B, Hess J, Frumkin H. Urban form and extreme heat events:
Are sprawling cities more vulnerable to climate change than compact
cities? Environ Health Persp 2010;118:1425–1428.
Friel S, Bowen K, Campbell-Lendrum D, Frumkin H, McMichael AJ,
Rasanathan K. Climate change, noncommunicable diseases, and
development: The relationships and common policy opportunities.
Annu Rev Public Health 2011;32:133-49.
Bush KF, Luber G, Kotha SR, Dhaliwal RS, Kapil V, Pascual M,
Brown DG, Frumkin H, et al. Impacts of climate change on public
health in India: Future research directions. Environ Health Persp
2011;119(6):765-70.
Frumkin H, Fried L, Moody HR. Aging, climate change, and legacy
thinking. Am J Public Health 2012;102:1434-38.
Frumkin H, Hess J, Vindigni S. Peak petroleum and public health.
JAMA 2007;298:1688-1690.
Frumkin H, Hess J, Vindigni S. Energy and public health: The
challenge of peak petroleum. Public Health Rep 2009;124:5-19.
Jakubowski B, Frumkin H. Environmental metrics for community
health improvement. Prev Chronic Dis 2010;7(4).
http://www.cdc.gov/pcd/issues/2010/jul/09_0242.htm
Schwartz BS, Parker CL, Hess J, Frumkin H. Public health and
medicine in an age of energy scarcity: The case of petroleum. Am J
Public Health 2011;101(9):1560-67.
Richardson EA, Mitchell R, Hartig T, de Vries S, Astell-Burt T,
Frumkin H. Green cities and health: A question of scale? J Epidemiol
Comm Health 2012;66(2):160-65.
Frumkin H, Fried L, Moody HR. Aging, climate change, and legacy
thinking. Am J Public Health 2012;102:1434-38.
Smith KR, Frumkin H, Balakrishnan K, Butler CD, Chafe Z, Fairlie I,
Kinney P, Kjellstrom T, Mauzerall DL, McKone T, McMichael A,
Schneider M. Energy and human health. Ann Rev Public Health
2013;34:25.1-25.30.

Exhibit A 4

Case 6:15-cv-01517-TC

















Document 259-1

Filed 06/28/18

Page 24 of 51

Graedel TE, Anex R, Carroll W, Daigger GT, Ferrão P, Frumkin H, et
al. Sustainability for the nation: Resource connections and
governance linkages. Environ Science Technol 2014:48(13):7197–99.
Patz JA, Frumkin H, Holloway TA, Haines AP. Climate change:
Challenges and opportunities for global health. JAMA 2014;312:156580.
Whitmee S, Haines A, Beyrer C, Boltz F, Capon AG, de Souza Dias
BF, Ezeh A, Frumkin H, et al. Safeguarding human health in the
Anthropocene epoch: report of The Rockefeller Foundation–Lancet
Commission on planetary health. Lancet 2015;386:1973-2028.
Frumkin H, Hess J, Luber G. Public health policies and actions.
Chapter 11 in: Patz J, Levy B, Eds. Climate Change and Public
Health. New York: Oxford University Press, 2015.
Patz J, Frumkin H. Climate Change. Chapter 12 in: Frumkin H, Ed.
Environmental Health: From Global to Local, 3rd Edition. San
Francisco: Jossey-Bass, 2016.
Ebi KL, Frumkin H, Hess JJ. Protecting and promoting human health
in the Anthropocene. Anthropocene Rev 2017;19:1-12.
Watts N, Frumkin H, et al. The Lancet Countdown: Tracking Progress
on Health and Climate Change – 2017 Report. Lancet 2017;391:581630.
Frumkin H. The US Health Care Sector’s Carbon Footprint: Stomping
or Treading Lightly? Am J Public Health. 2017;October 26:e1-e2 (epub ahead of print).
Sorondo M, Frumkin H, Ramanathan V. Health, faith, and science on
a warming planet (commentary). JAMA. 2018. DOI
10.1001/jama.2018.2779 (e-pub ahead of print).
Frumkin H, Ebi KL, Hess JJ. Climate change and environmental
public health. In: Knechtges PL, Resnick BA, Kearney GD, Eds.
Practitioner's Guide to Environmental Public Health. Washington
DC: APHA Press, 2018 (forthcoming).
Frumkin H, Watts N. Health, science, faith, and stewardship: A
winning combination (editorial). EcoHealth 2018 (in press).
Frumkin H, Watts N. Not everything that can be counted counts—but
this does. Tracking climate and health with the Lancet Countdown
(editorial). PLoS One 2018 (in press).
Frumkin H, Haines A. Global environmental change and noncommunicable disease risks. Submitted, Annu Rev Public Health.

Exhibit A 5

Case 6:15-cv-01517-TC

Document 259-1

Filed 06/28/18

Page 25 of 51

EXHIBIT B
SOURCES CITED IN THIS REPORT

1.
2.

3.

4.
5.
6.
7.
8.
9.
10.
11.

12.
13.
14.
15.
16.
17.

Smith KR, Woodward A, Campbell-Lendrum D, et al. Human health: Impacts,
adaptation, and co-benefits. IPCC Working Group II Assessment and Review 52014.
Luber G, Knowlton K, Balbus J, et al. Chapter 9: Human Health. In: Melillo JM,
Richmond TC, Yohe GW, eds. Climate Change Impacts in the United States: U.S. Global
Change Research Program; 2014:220-56.
Crimmins A, Balbus J, Gamble JL, et al. The Impacts of Climate Change on Human
Health in the United States: A Scientific Assessment.
http://dx.doi.org/10.7930/J0R49NQX: U.S. Global Climate Research Program; 2016.
McMichael AJ. Globalization, climate change, and human health. The New England
journal of medicine 2013;368:1335-43.
Patz JA, Frumkin H, Holloway T, Vimont DJ, Haines A. Climate change: Challenges and
opportunities for global health. JAMA 2014;312:1565-80.
Semenza JC. Climate change and human health. International journal of environmental
research and public health 2014;11:7347-53.
Luber G, Lemery J. Global Climate Change and Human Health: From Science to
Practice. San Francisco: Jossey-Bass; 2015.
Levy BS, Patz JA. Climate Change and Public Health. New York: Oxford University
Press; 2015.
Butler CD. Climate Change and Global Health. Wallingford, UK and Boston, MA:
CABI; 2014.
Council on Environmental Health AAoP. Global Climate Change and Children’s Health.
Pediatrics 2015.
Xu Z, Sheffield PE, Hu W, et al. Climate change and children's health--a call for research
on what works to protect children. International journal of environmental research and
public health 2012;9:3298-316.
Bernstein AS, Myers SS. Climate change and children's health. Current opinion in
pediatrics 2011;23:221-6.
Ebi KL, Paulson JA. Climate change and children. Pediatr Clin North Am 2007;54:21326, vii.
Kovats RS, Hajat S. Heat stress and public health: a critical review. Annual review of
public health 2008;29:41-55.
Semenza JC, Rubin CH, Falter KH, et al. Heat-related deaths during the July 1995 heat
wave in Chicago. The New England journal of medicine 1996;335:84-90.
Robine JM, Cheung SL, Le Roy S, et al. Death toll exceeded 70,000 in Europe during the
summer of 2003. Comptes rendus biologies 2008;331:171-8.
Shaposhnikov D, Revich B, Bellander T, et al. Mortality related to air pollution with the
Moscow heat wave and wildfire of 2010. Epidemiology (Cambridge, Mass) 2014;25:35964.

Exhibit B 1

Case 6:15-cv-01517-TC

18.
19.

20.
21.
22.

23.

24.
25.

26.
27.

28.
29.

30.
31.
32.
33.
34.

Document 259-1

Filed 06/28/18

Page 26 of 51

Brikowski TH, Lotan Y, Pearle MS. Climate-related increase in the prevalence of
urolithiasis in the United States. Proc Natl Acad Sci U S A 2008;105:9841-6.
Tasian GE, Pulido JE, Gasparrini A, et al. Daily mean temperature and clinical kidney
stone presentation in five U.S. metropolitan areas: a time-series analysis. Environmental
health perspectives 2014;122:1081-7.
Obradovich N, Migliorini R, Mednick SC, Fowler JH. Nighttime temperature and human
sleep loss in a changing climate. Science Advances 2017;3.
Mares DM, Moffett KW. Climate change and interpersonal violence: a “global” estimate
and regional inequities. Climatic Change 2015;135:297-310.
Gamble JL, Hess JJ. Temperature and violent crime in Dallas, Texas: Relationships and
implications of climate change. Western Journal of Emergency Medicine 2012;13:23946.
Kjellstrom T, Briggs D, Freyberg C, Lemke B, Otto M, Hyatt O. Heat, Human
Performance, and Occupational Health: A Key Issue for the Assessment of Global
Climate Change Impacts. Annual review of public health 2016;37:97-112.
Dunne JP, Stouffer RJ, John JG. Reductions in labour capacity from heat stress under
climate warming. Nature Clim Change 2013;3:563-6.
Koomen E, Diogo V. Assessing potential future urban heat island patterns following
climate scenarios, socio-economic developments and spatial planning strategies. Mitig
Adapt Strateg Glob Change 2017;22:287-306.
Wong KV, Paddon A, Jimenez A. Review of World Urban Heat Islands: Many Linked to
Increased Mortality. Journal of Energy Resources Technology 2013;135:022101--11.
Avise J, Abraham RG, Chung SH, et al. Evaluating the effects of climate change on
summertime ozone using a relative response factor approach for policymakers. Journal of
the Air & Waste Management Association 2012;62:1061-74.
Karl TR, Melillo JM, Peterson TC, eds. Global Climate Change Impacts in the United
States. Cambridge and New York: Cambridge University Press; 2009.
Schwartz JD, Lee M, Kinney PL, et al. Projections of temperature-attributable premature
deaths in 209 U.S. cities using a cluster-based Poisson approach. Environmental Health
2015;14:85.
Klinenberg E. Heat Wave : A Social Autopsy of Disaster in Chicago. Chicago:
University of Chicago Press; 2002.
Bouchama A, Dehbi M, Mohamed G, Matthies F, Shoukri M, Menne B. Prognostic
factors in heat wave related deaths: a meta-analysis. Arch Intern Med 2007;167:2170-6.
Xu Z, Etzel RA, Su H, Huang C, Guo Y, Tong S. Impact of ambient temperature on
children's health: a systematic review. Environmental research 2012;117:120-31.
He JR, Liu Y, Xia XY, et al. Ambient Temperature and the Risk of Preterm Birth in
Guangzhou, China (2001-2011). Environmental health perspectives 2016;124:1100-06.
Kent ST, McClure LA, Zaitchik BF, Smith TT, Gohlke JM. Heat waves and health
outcomes in Alabama (USA): the importance of heat wave definition. Environmental
health perspectives 2014;122:151-8.

Exhibit B 2

Case 6:15-cv-01517-TC

35.

36.

37.
38.
39.
40.

41.

42.

43.

44.

45.
46.
47.
48.

49.
50.

Document 259-1

Filed 06/28/18

Page 27 of 51

Arroyo V, Diaz J, Ortiz C, Carmona R, Saez M, Linares C. Short term effect of air
pollution, noise and heat waves on preterm births in Madrid (Spain). Environmental
research 2016;145:162-8.
Smith S, Elliot AJ, Hajat S, Bone A, Smith GE, Kovats S. Estimating the burden of heat
illness in England during the 2013 summer heatwave using syndromic surveillance.
Journal of Epidemiology and Community Health 2016;70:459-65.
CDC. Heat illness among high school athletes—United States, 2005-2009. . MMWR
Morbidity and mortality weekly report 2010;59:1009-13.
Donat MG, Lowry AL, Alexander LV, Ogorman PA, Maher N. More extreme
precipitation in the world's dry and wet regions. Nature Clim Change 2016;6:508-13.
Tippett MK, Lepore C, Cohen JE. More tornadoes in the most extreme U.S. tornado
outbreaks. Science 2016;354:1419-23.
Vitousek S, Barnard PL, Fletcher CH, Frazer N, Erikson L, Storlazzi CD. Doubling of
coastal flooding frequency within decades due to sea-level rise. Scientific Reports
2017;7:1399.
Iqbal S, Clower JH, Hernandez SA, Damon SA, Yip FY. A review of disaster-related
carbon monoxide poisoning: surveillance, epidemiology, and opportunities for
prevention. Am J Public Health 2012;102:1957-63.
Bell JE, Herring SC, Jantarasami L, et al. Impacts of Extreme Events on Human Health.
In: Crimmins A, Balbus J, Gamble JL, et al., eds. The Impacts of Climate Change on
Human Health in the United States: A Scientific Assessment. Washington DC: U.S.
Global Change Research Program; 2016:99-128.
Ryan B, Franklin RC, Burkle FM, Jr., et al. Identifying and Describing the Impact of
Cyclone, Storm and Flood Related Disasters on Treatment Management, Care and
Exacerbations of Non-communicable Diseases and the Implications for Public Health.
PLoS Curr Disast 2015;7.
Barbeau DN, Grimsley LF, White LE, El-Dahr JM, Lichtveld M. Mold exposure and
health effects following hurricanes Katrina and Rita. Annual review of public health
2010;31:165-78.
Stanke C, Kerac M, Prudhomme C, Medlock J, Murray V. Health effects of drought: a
systematic review of the evidence. PLoS Currents Disasters 2013;5.
Neria Y, Galea S, Norris FH. Mental Health and Disasters. New York: Cambridge
University Press; 2009.
Leichenko R, Silva JA. Climate change and poverty: vulnerability, impacts, and
alleviation strategies. Wiley Interdisciplinary Reviews: Climate Change 2014;5:539-56.
Gamble JL, Balbus J, Berger M, et al. Populations of concern. In: Crimmins A, Balbus J,
Gamble JL, et al., eds. The Impacts of Climate Change on Human Health in the United
States: A Scientific Assessment. Washington DC: U.S. Global Change Research
Program; 2016:247-86.
Disasters NCoCa. Report to the President and Congress. Rockville MD: Agency for
Healthcare Research and Quality; 2010.
Bell ML, Samet JM. Air pollution. In: Frumkin H, ed. Environmental Health: From
Global to Local. Third ed. San Francisco: Jossey-Bass; 2016:319-43.

Exhibit B 3

Case 6:15-cv-01517-TC

51.
52.
53.
54.
55.

56.

57.

58.

59.
60.
61.
62.

63.

64.

65.
66.
67.

Document 259-1

Filed 06/28/18

Page 28 of 51

NRC. Hidden Costs of Energy: Unpriced Consequences of Energy Production and Use.
Washington DC: National Academies Press; 2010.
Epstein PR, Buonocore JJ, Eckerle K, et al. Full cost accounting for the life cycle of coal.
Annals of the New York Academy of Sciences 2011;1219:73-98.
Machol B, Rizk S. Economic value of U.S. fossil fuel electricity health impacts.
Environment international 2013;52:75-80.
Fiore AM, Naik V, Leibensperger EM. Air quality and climate connections. Journal of
the Air & Waste Management Association (1995) 2015;65:645-85.
Fann N, Brennan T, Dolwick P, et al. Air quality impacts. In: Crimmins A, Balbus J,
Gamble JL, et al., eds. The Impacts of Climate Change on Human Health in the United
States: A Scientific Assessment Washington DC: U.S. Global Climate Research Program;
2016:69-98.
Bloomer BJ, Stehr JW, Piety CA, Salawitch RJ, Dickerson RR. Observed relationships of
ozone air pollution with temperature and emissions. Geophysical Research Letters
2009;36:L09803.
Harvey BJ. Human-caused climate change is now a key driver of forest fire activity in the
western United States. Proceedings of the National Academy of Sciences
2016;113:11649-50.
Reid CE, Brauer M, Johnston F, Jerrett M, Balmes JR, Elliott CT. Critical Review of
Health Impacts of Wildfire Smoke Exposure. Environmental health perspectives
2016;124:1334-43.
Finlay SE, Moffat A, Gazzard R, Baker D, Murray V. Health impacts of wildfires. PLoS
Curr Disasters 2012;4:e4f959951cce2c.
Guarnieri M, Balmes JR. Outdoor air pollution and asthma. Lancet 2014;383:1581-92.
Trasande L, Thurston GD. The role of air pollution in asthma and other pediatric
morbidities. The Journal of allergy and clinical immunology 2005;115:689-99.
Sheffield PE, Knowlton K, Carr JL, Kinney PL. Modeling of regional climate change
effects on ground-level ozone and childhood asthma. Am J Prev Med 2011;41:251-7;
quiz A3.
Zhang Y, Bielory L, Mi Z, Cai T, Robock A, Georgopoulos P. Allergenic pollen season
variations in the past two decades under changing climate in the United States. Glob
Chang Biol 2015;21:1581-9.
Ziska L, Knowlton K, Rogers C, et al. Recent warming by latitude associated with
increased length of ragweed pollen season in central North America. Proc Natl Acad Sci
U S A 2011;108:4248-51.
Ziska LH, Beggs PJ. Anthropogenic climate change and allergen exposure: The role of
plant biology. The Journal of allergy and clinical immunology 2012;129:27-32.
D'Amato G, Pawankar R, Vitale C, et al. Climate Change and Air Pollution: Effects on
Respiratory Allergy. Allergy, asthma & immunology research 2016;8:391-5.
Sheffield PE, Weinberger KR, Kinney PL. Climate change, aeroallergens, and pediatric
allergic disease. The Mount Sinai journal of medicine, New York 2011;78:78-84.

Exhibit B 4

Case 6:15-cv-01517-TC

68.

69.
70.
71.
72.

73.

74.

75.
76.
77.
78.

79.

80.

81.

82.
83.

Document 259-1

Filed 06/28/18

Page 29 of 51

Reinmuth-Selzle K, Kampf CJ, Lucas K, et al. Air Pollution and Climate Change Effects
on Allergies in the Anthropocene: Abundance, Interaction, and Modification of Allergens
and Adjuvants. Environmental Science & Technology 2017;51:4119-41.
D'Amato G, Liccardi G, Frenguelli G. Thunderstorm-asthma and pollen allergy. Allergy
2007;62:11-6.
Grundstein A, Sarnat SE, Klein M, et al. Thunderstorm-associated asthma in Atlanta,
Georgia. Thorax 2008;63:659-60.
Reid CE, Gamble JL. Aeroallergens, Allergic Disease, and Climate Change: Impacts and
Adaptation. Ecohealth 2009;6:458-70.
Dabrera G, Murray V, Emberlin J, et al. Thunderstorm asthma: an overview of the
evidence base and implications for public health advice. QJM: An International Journal
of Medicine 2013;106:207-17.
Rice MB, Thurston GD, Balmes JR, Pinkerton KE. Climate change. A global threat to
cardiopulmonary health. American journal of respiratory and critical care medicine
2014;189:512-9.
D'Amato G, Bergmann KC, Cecchi L, et al. Climate change and air pollution: Effects on
pollen allergy and other allergic respiratory diseases. Allergo journal international
2014;23:17-23.
D'Amato G, Vitale C, De Martino A, et al. Effects on asthma and respiratory allergy of
Climate change and air pollution. Multidisciplinary respiratory medicine 2015;10:39.
Jackson KD, Howie LD, Akinbami LJ. Trends in Allergic Conditions Among Children:
United States, 1997-2011. In: Statistics NCfH, ed.2013.
Baiardini I, Braido F, Brandi S, Canonica GW. Allergic diseases and their impact on
quality of life. Ann Allergy Asthma Immunol 2006;97:419-28; quiz 29-30, 76.
Hammer-Helmich L, Linneberg A, Obel C, Thomsen SF, Tang Mollehave L, Glumer C.
Mental health associations with eczema, asthma and hay fever in children: a crosssectional survey. BMJ open 2016;6:e012637.
Marklund B, Ahlstedt S, Nordstrom G. Health-related quality of life among adolescents
with allergy-like conditions - with emphasis on food hypersensitivity. Health Qual Life
Outcomes 2004;2:65.
Gobler CJ, Doherty OM, Hattenrath-Lehmann TK, Griffith AW, Kang Y, Litaker RW.
Ocean warming since 1982 has expanded the niche of toxic algal blooms in the North
Atlantic and North Pacific oceans. Proc Natl Acad Sci U S A 2017;114:4975-80.
O’Neil JM, Davis TW, Burford MA, Gobler CJ. The rise of harmful cyanobacteria
blooms: The potential roles of eutrophication and climate change. Harmful Algae
2012;14:313-34.
Havens KE, Paerl HW. Climate Change at a Crossroad for Control of Harmful Algal
Blooms. Environ Sci Technol 2015;49:12605-6.
Otten TG, Paerl HW. Health Effects of Toxic Cyanobacteria in U.S. Drinking and
Recreational Waters: Our Current Understanding and Proposed Direction. Current
environmental health reports 2015;2:75-84.

Exhibit B 5

Case 6:15-cv-01517-TC

84.

85.
86.
87.

88.
89.

90.
91.

92.
93.
94.
95.

96.
97.

98.
99.
100.

Document 259-1

Filed 06/28/18

Page 30 of 51

Berdalet E, Fleming LE, Gowen R, et al. Marine harmful algal blooms, human health and
wellbeing: challenges and opportunities in the 21st century. Journal of the Marine
Biological Association of the United Kingdom 2015;2015:10.1017/S0025315415001733.
Weirich CA, Miller TR. Freshwater harmful algal blooms: toxins and children's health.
Current problems in pediatric and adolescent health care 2014;44:2-24.
Altizer S, Ostfeld RS, Johnson PT, Kutz S, Harvell CD. Climate change and infectious
diseases: from evidence to a predictive framework. Science 2013;341:514-9.
Beard CB, Eisen RJ, Barker CM, et al. Vector-borne diseases. In: Crimmins A, Balbus J,
Gamble JL, et al., eds. The Impacts of Climate Change on Human Health in the United
States: A Scientific Assessment Washington DC: U.S. Global Climate Reserch Program;
2016:129-56.
Morin CW, Comrie AC, Ernst K. Climate and dengue transmission: evidence and
implications. Environmental health perspectives 2013;121:1264-72.
Ermert V, Fink AH, Morse AP, Paeth H. The impact of regional climate change on
malaria risk due to greenhouse forcing and land-use changes in tropical Africa.
Environmental health perspectives 2012;120:77-84.
Paz S. Climate change impacts on West Nile virus transmission in a global context.
Philos Trans R Soc Lond B Biol Sci 2015;370.
Ostfeld RS, Brunner JL. Climate change and Ixodes tick-borne diseases of humans.
Philosophical Transactions of the Royal Society of London B: Biological Sciences
2015;370.
Tran PM, Waller L. Effects of landscape fragmentation and climate on Lyme disease
incidence in the northeastern United States. Ecohealth 2013;10:394-404.
Parola P, Socolovschi C, Jeanjean L, et al. Warmer weather linked to tick attack and
emergence of severe rickettsioses. PLoS Negl Trop Dis 2008;2:e338.
Gage KL, Burkot TR, Eisen RJ, Hayes EB. Climate and Vectorborne Diseases. American
Journal of Preventive Medicine 2008;35:436-50.
Monaghan AJ, Moore SM, Sampson KM, Beard CB, Eisen RJ. Climate change
influences on the annual onset of Lyme disease in the United States. Ticks and tick-borne
diseases 2015;6:615-22.
Trout A, Baracco G, Rodriguez M, et al. Locally acquired Dengue--Key West, Florida,
2009-2010. MMWR Morbidity and mortality weekly report 2010;59:577-81.
Johnston D, Viray M, Ushiroda J, et al. Notes from the Field: Outbreak of Locally
Acquired Cases of Dengue Fever--Hawaii, 2015. MMWR Morbidity and mortality
weekly report 2016;65:34-5.
Ebi KL, Nealon J. Dengue in a changing climate. Environmental research 2016;151:11523.
Vezzulli L, Colwell RR, Pruzzo C. Ocean warming and spread of pathogenic vibrios in
the aquatic environment. Microb Ecol 2013;65:817-25.
Semenza JC, Herbst S, Rechenburg A, et al. Climate Change Impact Assessment of
Food- and Waterborne Diseases. Crit Rev Environ Sci Technol 2012;42:857-90.

Exhibit B 6

Case 6:15-cv-01517-TC

101.

102.

103.

104.
105.

106.
107.

108.
109.

110.

111.

112.

113.
114.
115.
116.

Document 259-1

Filed 06/28/18

Page 31 of 51

Philipsborn R, Ahmed SM, Brosi BJ, Levy K. Climatic Drivers of Diarrheagenic
Escherichia coli Incidence: A Systematic Review and Meta-analysis. The Journal of
infectious diseases 2016;214:6-15.
Fleury M, Charron DF, Holt JD, Allen OB, Maarouf AR. A time series analysis of the
relationship of ambient temperature and common bacterial enteric infections in two
Canadian provinces. International journal of biometeorology 2006;50:385-91.
Curriero FC, Patz JA, Rose JB, Lele S. The association between extreme precipitation
and waterborne disease outbreaks in the United States, 1948-1994. Am J Public Health
2001;91:1194-9.
Cann KF, Thomas DR, Salmon RL, Wyn-Jones AP, Kay D. Extreme water-related
weather events and waterborne disease. Epidemiology and infection 2013;141:671-86.
Hellberg RS, Chu E. Effects of climate change on the persistence and dispersal of
foodborne bacterial pathogens in the outdoor environment: A review. Crit Rev Microbiol
2015:1-25.
Brown J, Benedict K, Park BJ, Thompson GR. Coccidioidomycosis: epidemiology.
Clinical Epidemiology 2013;5:185-97.
Marsden-Haug N, Hill H, Litvintseva AP, et al. Coccidioides immitis identified in soil
outside of its known range - Washington, 2013. MMWR Morbidity and mortality weekly
report 2014;63:450.
Tamerius JD, Comrie AC. Coccidioidomycosis incidence in Arizona predicted by
seasonal precipitation. PLoS One 2011;6:e21009.
Park BJ, Sigel K, Vaz V, et al. An Epidemic of Coccidioidomycosis in Arizona
Associated with Climatic Changes, 1998–2001. The Journal of infectious diseases
2005;191:1981-7.
Kemble SK, Lynfield R, DeVries AS, et al. Fatal Naegleria fowleri infection acquired in
Minnesota: possible expanded range of a deadly thermophilic organism. Clinical
infectious diseases : an official publication of the Infectious Diseases Society of America
2012;54:805-9.
Springmann M, Mason-D'Croz D, Robinson S, et al. Global and regional health effects of
future food production under climate change: a modelling study. Lancet 2016;387:193746.
Paini DR, Sheppard AW, Cook DC, De Barro PJ, Worner SP, Thomas MB. Global threat
to agriculture from invasive species. Proceedings of the National Academy of Sciences
2016;113:7575-9.
Tai APK, Martin MV, Heald CL. Threat to future global food security from climate
change and ozone air pollution. Nature Clim Change 2014;4:817-21.
Myers SS, Kloog I, Huybers P, et al. Increasing CO2 threatens human nutrition. Nature
2014;510:139-42.
Pauly D, Zeller D. Catch reconstructions reveal that global marine fisheries catches are
higher than reported and declining. Nature Communications 2016;7:10244.
Pörtner H-O, Karl DM, Boyd PW, et al. Ocean systems. In: Field CB, Barros VR,
Dokken DJ, et al., eds. Climate Change 2014: Impacts, Adaptation, and Vulnerability
Part A: Global and Sectoral Aspects Contribution of Working Group II to the Fifth

Exhibit B 7

Case 6:15-cv-01517-TC

117.

118.
119.

120.
121.

122.

123.
124.
125.

126.
127.

128.
129.
130.

131.

132.
133.

Document 259-1

Filed 06/28/18

Page 32 of 51

Assessment Report of the Intergovernmental Panel on Climate Change Cambridge,
United Kingdom and New York, NY: Cambridge University Press; 2014:411-84.
Barange M, Merino G, Blanchard JL, et al. Impacts of climate change on marine
ecosystem production in societies dependent on fisheries. Nature Clim Change
2014;4:211-6.
Clements JC, Chopin T. Ocean acidification and marine aquaculture in North America:
potential impacts and mitigation strategies. Reviews in Aquaculture 2016:n/a-n/a.
Rojas-Downing MM, Nejadhashemi AP, Harrigan T, Woznicki SA. Climate change and
livestock: Impacts, adaptation, and mitigation. Climate Risk Management 2017;16:14563.
Coleman-Jensen A, Rabbitt MP, Gregory CA, Singh A. Household Food Security in the
United States in 2015. Washington DC.: USDA, Economic Research Service; 2016.
Darmon N, Drewnowski A. Contribution of food prices and diet cost to socioeconomic
disparities in diet quality and health: a systematic review and analysis. Nutrition reviews
2015;73:643-60.
Rehm CD, Monsivais P, Drewnowski A. Relation between diet cost and Healthy Eating
Index 2010 scores among adults in the United States 2007-2010. Preventive medicine
2015;73:70-5.
McLeman RA. Climate and human migration : past experiences, future challenges. New
York: Cambridge University Press; 2014.
McAdam J, ed. Climate Change and Displacement: Multidisciplinary Perspectives.
Oxford, UK: Hart Publishing; 2010.
Abel N, Gorddard R, Harman B, et al. Sea level rise, coastal development and planned
retreat: analytical framework, governance principles and an Australian case study.
Environmental Science & Policy 2011;14:279-88.
Koslov L. The Case for Retreat. Public Culture 2016;28:359-87.
McMichael A, McMichael C, Berry H, Bowen K. Climate-related displacement: Health
risks and responses. In: McAdam J, ed. Climate Change and Population Displacement:
Multidisciplinary Perspectives. Sydney: Hart Publishing; 2010:191-220.
McMichael C, Barnett J, McMichael AJ. An ill wind? Climate change, migration, and
health. Environmental health perspectives 2012;120:646-54.
Pfefferbaum B, Jacobs AK, Van Horn RL, Houston JB. Effects of Displacement in
Children Exposed to Disasters. Current psychiatry reports 2016;18:71.
Pfefferbaum B, North CS. Assessing children's disaster reactions and mental health
needs: screening and clinical evaluation. Canadian journal of psychiatry Revue
canadienne de psychiatrie 2013;58:135-42.
Schleussner C-F, Donges JF, Donner RV, Schellnhuber HJ. Armed-conflict risks
enhanced by climate-related disasters in ethnically fractionalized countries. Proceedings
of the National Academy of Sciences 2016;113:9216-21.
Bollfrass A, Shaver A. The effects of temperature on political violence: global evidence
at the subnational level. PLoS One 2015;10:e0123505.
Hsiang SM, Burke M, Miguel E. Quantifying the influence of climate on human conflict.
Science 2013;341:1235367.
Exhibit B 8

Case 6:15-cv-01517-TC

134.
135.

136.
137.
138.
139.

140.
141.
142.
143.

144.
145.
146.
147.
148.
149.

150.

151.
152.

Document 259-1

Filed 06/28/18

Page 33 of 51

UNEP. Sudan: Post-Conflict Environmental Assessment. Nairobi: United Nations
Environment Programme; 2007.
Werrell CE, Femia F, Sternberg T. Did We See It Coming?: State Fragility, Climate
Vulnerability, and the Uprisings in Syria and Egypt. . SAIS Review of International
Affairs 2015;35:29-46.
Defense Do. National Security Implications of Climate-Related Risks and a Changing
Climate2015.
Anderson CA. Heat and Violence. Current Directions in Psychological Science
2001;10:33-8.
Levy BS, Sidel VW. War and Public Health. New York and Oxford: Oxford University
Press; 2008.
Campbell JA, Walker RJ, Egede LE. Associations Between Adverse Childhood
Experiences, High-Risk Behaviors, and Morbidity in Adulthood. American Journal of
Preventive Medicine 2016;50:344-52.
Felitti VJ. Adverse childhood experiences and adult health. Academic pediatrics
2009;9:131-2.
Danese A, McEwen BS. Adverse childhood experiences, allostasis, allostatic load, and
age-related disease. Physiology & behavior 2012;106:29-39.
Goldmann E, Galea S. Mental Health Consequences of Disasters. Annual review of
public health 2014;35:169-83.
Clayton S, Manning CM, Hodge C. Beyond storms & droughts: The psychological
impacts of climate change. Washington DC: American Psychological Association and
ecoAmerica; 2014.
Albrecht G, Sartore G-M, Connor L, et al. Solastalgia: the distress caused by
environmental change. Australas Psychiatry 2007;15 Suppl 1:95-8.
Cunsolo A, Ellis NR. Ecological grief as a mental health response to climate changerelated loss. Nature Climate Change 2018;8:275-81.
Bulbena A, Sperry L, Cunillera J. Psychiatric effects of heat waves. Psychiatric services
(Washington, DC) 2006;57:1519.
Seal A, Vasudevan C. Climate change and child health. Archives of disease in childhood
2011;96:1162-6.
Dean JG, Stain HJ. Mental health impact for adolescents living with prolonged drought.
Aust J Rural Health 2010;18:32-7.
Brown RC, Witt A, Fegert JM, Keller F, Rassenhofer M, Plener PL. Psychosocial
interventions for children and adolescents after man-made and natural disasters: a metaanalysis and systematic review. Psychological medicine 2017;47:1893-905.
Scannell L, Cox RS, Fletcher S, Heykoop C. "That was the Last Time I Saw my House":
The Importance of Place Attachment among Children and Youth in Disaster Contexts.
American journal of community psychology 2016;58:158-73.
Jones SL, Schmidt CK. Psychosocial effects of disaster in children and adolescents:
significance and management. The Nursing clinics of North America 2013;48:229-39.
Goldizen FC, Sly PD, Knibbs LD. Respiratory effects of air pollution on children.
Pediatric pulmonology 2016;51:94-108.
Exhibit B 9

Case 6:15-cv-01517-TC

153.

154.

155.

156.

157.

158.
159.
160.
161.

162.

163.

Document 259-1

Filed 06/28/18

Page 34 of 51

San Martín JL, Brathwaite O, Zambrano B, et al. The epidemiology of dengue in the
Americas over the last three decades: A worrisome reality. Am J Trop Med Hyg
2010;82:128-35.
Musengimana G, Mukinda F, Machekano R, Mahomed H. Temperature Variability and
Occurrence of Diarrhoea in Children under Five-Years-Old in Cape Town Metropolitan
Sub-Districts. International journal of environmental research and public health
2016;13:859.
Perera F. Pollution from Fossil-Fuel Combustion is the Leading Environmental Threat to
Global Pediatric Health and Equity: Solutions Exist. International journal of
environmental research and public health 2017;15.
Kellert SR. Nature and childhood development. In: Kellert SR, ed. Building for Life:
Designing and Understanding the Human-Nature Connection. Washington DC: Island
Press; 2005:63-89.
Capaldi CA, Passmore H-A, Nisbet EK, Zelenski JM, Dopko RL. Flourishing in nature:
A review of the benefits of connecting with nature and its application as a wellbeing
intervention. International Journal of Wellbeing 2015;5:1-16.
James P, Banay RF, Hart JE, Laden F. A Review of the Health Benefits of Greenness.
Current epidemiology reports 2015;2:131-42.
Haggerty B, York E, Early-Alberts J, Cude C. Oregon Climate and Health Profile Report.
Portland OR: Oregon Health Authority; 2014.
Majeed H, Lee J. The impact of climate change on youth depression and mental health.
The Lancet Planetary Health 2017;1:e94-e5.
Clayton S, Manning C, Krygsman K, Speiser M. Mental Health and Our Changing
Climate: Impacts, Implications, and Guidance: American Psychological Association and
EcoAmerica; 2017.
Luber G, Knowlton K, Balbus J, et al. Chapter 9: Human Health. In: Melillo JM,
Richmond TC, Yohe GW, eds. Climate Change Impacts in the United States US
National Climate Assessment: U.S. Global Change Research Program; 2014:220-56.
Wigley TML. The Climate Change Commitment. Science 2005;307:1766-9.

Exhibit B 10

Case 6:15-cv-01517-TC

Document 259-1

Filed 06/28/18

Page 35 of 51

EXHIBIT C
TESTIMONY
April 9, 2008 testimony on “Climate Change and Public Health” before the Select Committee on
Energy Independence and Global Warming of the United States House of Representatives.
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Introduction
Good morning Chairman Markey, Representative Sensenbrenner, and other
distinguished members of the Committee. I am Howard Frumkin, Director of the
National Center for Environmental Health at the Centers for Disease Control and
Prevention (CDC), and Assistant Administrator of the Agency for Toxic
Substances and Disease Registry (ATSDR). I am here to speak on our
emerging understanding of climate change and its potential impact on health,
and to discuss steps we are taking as public health officials regarding these
potential consequences. I recognize that this topic remains controversial and
some my testimony may not necessarily reflect broad consensus across the
Administration. In addition, CDC is not a regulatory agency and does not express
any opinions on regulatory decisions pending before the Environmental
Protection Agency.

Background
Scientific evidence supports the view that the earth’s climate is changing. CDC
considers climate change a serious public health concern, The programs and
expertise used by CDC to address a broad range of public health challenges also
are applicable to preparing for and responding to public health needs related to
climate change. In this testimony, I will address the following dimensions of
climate change and public health:
1) The likely public health threats of climate change,
2) The people most vulnerable to these threats, and
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3) CDC activities to protect the public’s health from these anticipated
threats.

Climate change strategies are typically framed by two broad approaches.
Mitigation encompasses efforts to reduce climate change itself, while adaptation,
encompasses activities to manage those effects of climate change that are
inevitable despite mitigation efforts. This framing aligns closely with the public
health framework of prevention and preparedness. Like prevention, mitigation
seeks to prevent negative outcomes. Like adaptation, preparedness
acknowledges that, while not all negative outcomes can be prevented, they can
be reduced and managed. For climate change, adaptation/preparedness is more
broadly accepted as a public health activity. However, there is also a role for
public health to play by articulating the health implications of climate change
mitigation options, both by highlighting co-benefits to health of certain options
and by identifying potential negative health outcomes of other possible mitigation
strategies.

Climate Change is a Public Health Concern
Over the next few decades in the United States, climate change is likely to have
a significant impact on health. The anticipated health impacts of climate change
have been well-reviewed and articulated by the Intergovernmental Panel on
Climate Change 1 and by the U.S. Climate Change Science Program through

1

Intergovernmental Panel on Climate Change, 2007. Climate Change 2007: Impacts, Adaptation
and Vulnerability. Contribution of Working Group II to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change, M.L. Parry, O.F. Canziani, P.P. Palutikof, P.J. van
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their Synthesis and Assessment Products 2 . While knowledge of the potential
public health impacts of climate change will advance in the coming years and
decades, the following are current best estimates of major anticipated health
outcomes:
•

Direct effects of heat,

•

Health effects related to extreme weather events,

•

Air pollution-related health effects,

•

Water- and food-borne infectious diseases,

•

Vector-borne and zoonotic diseases, and

•

Other pathogens sensitive to weather conditions.

The United States is a developed country with a variety of climates. Because of
its well-developed health infrastructure, and the greater involvement of
government and nongovernmental agencies in disaster planning and response,
the health effects from climate change are expected to be less significant than in
the developing world. Nevertheless, Americans may experience difficult
challenges, and different regions of the country may experience these challenges
at varying degrees.

Heat Stress and Direct Thermal Injury

der Linden and C.E. Hanson, Eds., Cambridge University Press, Cambridge, UK, 7-22. Available
at: http://www.ipcc.ch/ipccreports/assessments-reports.htm.
2
U.S. Climate Change Science Program. Public Review Draft of Synthesis and Assessment
Product 4.6. Executive Summary. Analyses of the Effects of Global Change on Human Health
and Welfare and Human Systems. Available at: http://www.climatescience.gov/Library/sap/sap46/public-review-draft/default.htm
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With climate change, the United States would expect to see an increase in the
severity, duration, and frequency of extreme heat waves. Heat causes a range
of health effects, from mild (heat cramps, heat exhaustion) to severe (such as
heat stroke, which can be fatal). Certain populations are especially vulnerable to
these health effects, including the elderly, those with certain underlying medical
conditions, those who are socially isolated, and those without air conditioning.
Midwestern and northeastern cities are at greatest risk, as heat-related illness
and death appear to be related to exposure to temperatures much hotter than
those to which the population is accustomed. 3

Extreme Weather Events
Scientific evidence suggests climate change will likely modify extreme weather
events, such as floods, droughts, and heavy precipitation. In addition, some
evidence suggests hurricanes could become more intense. The health effects of
extreme weather events range from loss of life and acute trauma to indirect
effects such as loss of home, large-scale population displacement and
subsequent mental health effects, damage to sanitation infrastructure (drinking
water and sewage systems), interruption of food production, and damage to the
health-care infrastructure. Displacement of individuals often results in disruption
of health care, of particular concern for those with underlying chronic diseases.
Future climate projections also show likely increases in the frequency of heavy
rainfall events, posing an increased risk of flooding. Climate change models
3

McGeehin MA, Mirabelli M. The potential impacts of climate variability and change on
temperature-related morbidity and mortality in the United States. Environ Health Perspect 109
(suppl 2), 185-189 (2001)
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also suggest some areas of the United States may have less rainfall leading to
severe drought, reducing availability and quality of water.

Air Pollution-Related Health Effects
Climate changes will likely affect air quality by modifying local weather patterns
and pollutant concentrations, affecting natural sources of air pollution, and
promoting the formation of secondary pollutants. Studies show that higher
surface temperatures, especially in urban areas, encourage the formation of
ground-level ozone. Ozone can irritate the respiratory system, reduce lung
function, aggravate asthma, and inflame and damage cells that line the lungs. In
addition, it may cause permanent lung damage and aggravate chronic lung
diseases.

Water- and Food-borne Infectious Diseases
Altered weather patterns resulting from climate change could affect the
distribution and incidence of food- and water-borne diseases. Changes in
precipitation, temperature, humidity, and water salinity have been shown to affect
the quality of water used for drinking, recreation, and commercial use. For
example, outbreaks of Vibrio bacteria infections following the consumption of
seafood and shellfish have been associated with increases in temperatures.
Heavy rainfall has also been implicated as a contributing factor in the overloading
and contamination of drinking water treatment systems, leading to illness from
organisms such as Cryptosporidium and Giardia. Storm water runoff from heavy
precipitation events can also increase fecal bacterial counts in coastal waters as
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well as nutrient load, which, coupled with increased sea-surface temperature,
can lead to increases in the frequency and range of harmful algal blooms (red
tides) and potent marine biotoxins such as ciguatera fish poisoning.

Vector-borne and Zoonotic Diseases
Vector-borne and zoonotic diseases, such as, Lyme disease, West Nile virus,
malaria, plague, hantavirus pulmonary syndrome, and dengue fever have been
shown to have a distinct seasonal pattern, and in some instances their frequency
has been shown to be weather sensitive. Because of the sensitivities of the
vectors and animal hosts of these diseases to climactic factors, climate changedriven ecological changes, such as variations in rainfall and temperature, could
significantly alter the range, seasonality, and human incidence of many zoonotic
and vector-borne diseases. More study is required to fully understand all the
implications of ecological variables necessary to predict climate change effects
on vector-borne and zoonotic diseases. Moderating factors such as housing
quality, land-use patterns, and vector control programs make it unlikely that
climate change will have a major impact on tropical diseases such as malaria
and dengue fever in the United States. However, climate change could facilitate
the establishment of new vector-borne diseases imported into the United States,
or alter the geographic ranges of some of these diseases that already exist in the
country.

Climate Change Vulnerability
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The effects of climate change will likely vary by geographic area and
demographic group. With respect to geographic vulnerability, urban centers in
the west, southwest, mid-Atlantic, and northeast regions of the United States are
expected to experience the largest increases in average temperatures; these
areas also may bear the brunt of increases in ground-level ozone and associated
airborne pollutants. 4 Populations in midwestern and northeastern cities are
expected to experience more heat-related illnesses as heat waves increase in
frequency, severity, and duration. Different rates of coastal erosion, wetlands
destruction, and topography are expected to result in dramatically different
regional effects of sea level rise. Distribution of animal hosts and vectors may
change; in many cases, ranges could extend northward and increase in
elevation. The West coast of the United States is expected to experience
significant strains on water supplies as regional precipitation declines and
mountain snow packs are depleted.

Some demographic groups are more vulnerable to the health effects of climate
change than others. Children are at greater risk of worsening asthma, allergies,
and certain infectious diseases. Those with underlying diseases and the elderly
are at higher risk for health effects due to heat waves, extreme weather events,
and exacerbations of chronic disease. In addition, people of lower
socioeconomic status are particularly vulnerable to extreme weather events. The
health effects of climate change on a given community will depend not only on a
4

Bernard SM, et al. The potential impacts of climate variability and change on air pollutionrelated health effects in the United States. Environ Health Perspect. 2001 May; 109 Suppl 2:100209.
__________________________________________________________________________________
Climate Change and Public Health
April 2008
House Select Committee on Energy Dependence and Global Warming
Page 7

Exhibit C 9

Case 6:15-cv-01517-TC

Document 259-1

Filed 06/28/18

Page 44 of 51

community’s exposures and demographics, but also on how these characteristics
intersect. For example, heat waves are both more likely to occur in urban areas
and more likely to affect certain populations: the home-bound, elderly, poor,
minority and migrant populations, and populations that live in areas with less
green space and with fewer centrally air-conditioned buildings.

Given the differential burden of climate change health effects on certain
populations, public health preparedness must include assessments to identify the
most vulnerable populations and anticipate their risks. At the same time, health
communication targeting these vulnerable populations must be devised and
tested, and early warning systems focused on vulnerable communities should be
developed. With adequate notice and a vigorous response, adverse health
effects from climate change may be reduced.

CDC’s Current Public Health Preparedness for Climate Change
Climate change is anticipated to have a broad range of impacts on the health of
Americans and the nation’s public health infrastructure. As the nation’s public
health agency, CDC is uniquely poised to lead efforts to anticipate and respond
to the health effects of climate change. In preparing for climate change, CDC
works closely with a broad array of partners including other Federal Agencies
(such as the Environmental Protection Agency, National Aeronautics and Space
Administration, National Academy of Sciences, United States Department of
Agriculture, Food and Drug Administration, National Institutes of Health) through
the U.S. Climate Change Science Program; state and local organizations (such
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as the National Association of County and City Health Officials, Association of
State and Territorial Health Officials, and state and local veterinary officials);
faith-based organizations; and many other organizations and agencies.
Preparedness for the health consequences of climate change aligns with
traditional public health contributions, and – like preparedness for terrorism and
pandemic influenza – reinforces the importance of a strong public health
infrastructure. CDC’s expertise and programs in the following areas provide a
strong platform:
•

Surveillance of Water-borne, Food-borne, Vector-borne, and Zoonotic
Diseases: CDC has a long history of surveillance of infectious, zoonotic, and
vector-borne diseases. Preparing for climate change will involve working
closely with state and local partners to document whether potential changes
in climate have an impact on infectious and other diseases and to use this
information to help protect Americans from the potential change in a variety of
water-borne, food-borne, vector-borne, and zoonotic diseases. Among the
tracking systems CDC has developed for these diseases is ArboNet, the
national arthropod-borne viral disease tracking system. Currently, this system
supports nationwide West Nile virus surveillance that links all 50 states and
four large metropolitan areas to a central database that records and maps
cases in humans and animals and would detect real-time changes in
distribution and prevalence of arthropod-borne viral diseases. CDC also
supports the major foodborne surveillance and investigative networks of
FoodNet PulseNet, and OutbreakNet that rapidly identify and provide detailed
data on cases of foodborne illnesses, the organisms that cause them, and the
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foods that are the sources of infection. Altered weather patterns resulting
from climate change may affect the distribution and incidence of food- and
water-borne diseases, and these changes can be identified and tracked
through PulseNet, the Electronic Foodborne Disease Outbreak Reporting
System (eFORS) and the Waterborne Disease Outbreak Surveillance System
(WBDOSS)
•

Environmental Public Health Tracking: CDC is pioneering new ways to
understand the impacts of environmental hazards on people’s health. CDC’s
Environmental Public Health Tracking Program has funded several states to
build a health surveillance system that integrates environmental exposures
and human health outcomes. The Tracking Network will contain critical data
on environmental trends and on the incidence, trends, and potential
outbreaks of diseases, including those affected by climate change.

•

Geographic Information Systems (GIS): CDC has applied GIS technology in
unique ways to a variety of public health issues. It has been used in data
collection, mapping, and communication to respond to issues as wide-ranging
and varied as the World Trade Center collapse, avian flu, SARS, Rift Valley
fever, and plague. GIS allows CDC to overlay public health disease data with
enviro-climatic datasets such as temperature and precipitation information to
determine if associations exist. In addition, GIS technology was used to map
issues of importance during the CDC response to Hurricane Katrina. This
technology represents an additional tool for the public health response to
climate change.
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Modeling: Projections of future climate change can be used as inputs into
models that assess the impact of climate change on public health. For
example, CDC has conducted heat wave modeling for the city of Philadelphia
to predict the most vulnerable populations at risk for hyperthermia. CDC has
also worked with others to model the potential impacts of climate change on
the distribution of plague and tularemia in the United States.

•

Preparedness Planning: The principles that guide us to prepare for terrorism
and pandemic influenza also apply to preparedness for the health impacts of
climate change. For example, CDC scientists have developed tools for local
emergency planners and decision-makers to use in preparing for and
responding to the threats posed by heat waves in urban areas. With other
Federal partners, CDC helped develop an Excessive Heat Events Guidebook,
which provides a comprehensive set of guiding principles and a menu of
options for cities and localities to use in developing Heat Response Plans.
These plans clearly define specific roles and responsibilities of government
and non-governmental organizations during heat waves. They identify local
populations at increased high risk for heat-related illness and death and
define which strategies will be used to reach them during heat emergencies.

•

Training and Education of Public Health Professionals: Preparing for the
health consequences of climate change requires that professionals have the
skills required to conceptualize the impending threats, integrate a wide variety
of public health and other data in surveillance activities, work closely with
other agencies and sectors, and provide effective health communication for
vulnerable populations. CDC is holding a series of workshops to explore key

__________________________________________________________________________________
Climate Change and Public Health
April 2008
House Select Committee on Energy Dependence and Global Warming
Page 11

Exhibit C 13

Case 6:15-cv-01517-TC

Document 259-1

Filed 06/28/18

Page 48 of 51

dimensions of climate change and public health, including drinking water,
heat waves, health communication, and vulnerable populations. In addition,
CDC recently published an article outlining the public health approach to
climate change to guide public health professionals in prevention and
preparedness.
•

Health Protection Research: CDC can also promote research to further public
health preparedness for climate change. This includes predictive research to
model potential impacts of climate change on health outcomes, epidemiologic
research to identify modifiable risk factors, and intervention research to
determine the most effective public health practices. For example, CDC has
conducted research to model the impact of the urban environment on
temperature-related morbidity and mortality. The Agency has also conducted
epidemiologic research on the relationship between rainfall and other
climactic factors on Hantavirus pulmonary syndrome and plague. Finally,
intervention research will help us focus public health action on the most
appropriate target audiences.

•

Communication: CDC has expertise in communicating health and risk
information to the general public, and has deployed this expertise in areas as
diverse as smoking, HIV infection, and cancer screening. Effective
communication can alert the public to health risks associated with climate
change and encourage constructive protective behaviors.

While CDC can conduct targeted research or offer technical support and
expertise in these and other activities to states, local governments, tribes, and
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territories be carried out at the state and local level and through other public
health partners. For example, CDC can support climate change preparedness
activities conducted by state and local public health agencies and climate change
and health research in universities, approaches currently used by CDC to
address a variety of other health challenges.

Advancing Public Health Prevention and Preparedness for Climate Change
In addition to leveraging existing programs across the agency, CDC has
identified the following opportunities for advancing public health prevention and
preparedness for climate change:
1) Improve surveillance systems for food-borne, water-borne, vector-borne,
zoonotic, and other diseases in cooperation with state and local partners to have
a better understanding of the impact of climate change on public health, and to
potentially develop models and early warning systems to improve health
outcomes.
2) Building research capacity within the Agency: CDC could convene staff
experienced in epidemiology, infectious disease ecology, disaster preparedness,
modeling and forecasting, climatology/earth science, and communication. This
group could support internal research on the links between climate change and
public health outcomes. Enhanced capacity within the agency would position
CDC to serve as a trusted resource for decision makers and the public, a role we
currently provide for public health issues such as vaccinations for foreign travel.
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3) Supporting academic capacity to research linkages between climate change
and public health: This capacity would include research in such areas as
forecasting and modeling anticipated health effects, vector-borne and zoonotic
diseases, food-and water-borne diseases, vulnerable populations, and heat
waves.
4) Providing research-based communication and technical assistance on the
health effects of climate change and best approaches to preparedness:
Important audiences for outreach include health professionals, state and local
health departments, university environmental studies departments, science
teachers, federal, state and local officials, community groups, faith-based
organizations, industry, and the public.

Conclusion
An effective public health response to climate change can prevent injuries,
illnesses, and death while enhancing overall public health preparedness.
Protecting Americans from adverse health effects of climate change directly
correlates to CDC’s four overarching Health Protection Goals of Healthy People
in Every Stage of Life, Healthy People in Healthy Places, People Prepared for
Emerging Health Threats, and Healthy People in a Healthy World.

While we still need more emphasis on public health preparedness for climate
change, many of our existing programs and scientific expertise provide a solid
foundation to move forward. The activities needed to protect overall public health
and to protect Americans from adverse health effects of climate change are
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mutually beneficial. CDC also has a role in examining the health implications of
various mitigation efforts aimed at slowing, stabilizing, or reversing climate
change by reducing greenhouse gas emissions. While these solutions will occur
mainly in sectors other than health, such as energy, transportation, and
architecture, the health sciences can contribute useful information regarding the
choice of safe, healthful technologies.

Thank you again for the opportunity to provide this testimony on the potential
health effects of global climate change and for your continued support of CDC’s
essential public health work.
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