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Our Health is Linked to Our Climate

In the coming decades, Indiana’s changing climate will
bring with it higher temperatures, longer heat waves, more
extremely hot days and more frequent extreme storm
events. Those changes will affect the health of Hoosiers in
every part of the state.

The pathways that lead to human health impacts are both
direct and indirect. Direct effects include health impacts
resulting directly from a hazard, such as heat stroke from
extreme heat and respiratory illnesses from poor air quality.
Indirect effects include increasing risks from “tropical”
diseases like West Nile and Zika as populations of the
insects that can spread these viruses grow, and increased
rates of anxiety and depression as more Hoosiers cope with
harm to loved ones or property after severe weather events.

This report from the Indiana Climate Change Impacts
Assessment (IN CCIA) describes historical and future
climate-related health impacts that affect Hoosiers. The
findings presented here are primarily based on the IN CCIA
Health Working Group technical report (Filippelli et al., in
review) and the IN CCIA report Indiana’s Past and Future
Climate (Widhalm et al,, 2018a).

Many analyses in this report focus on how climate change
will affect death rates. Fortunately, only a small fraction

of the people whose health is compromised by climate
change will die from it, but the non-lethal health problems
(morbidity) experienced by the much larger population of
Hoosiers will also burden society. These other illnesses still
cause missed work or school, lost income, increased health
expenses, and general disruption to people’s lives. However,
because morbidity research has focused on national and
international estimates that are not specific to Indiana,
these results are not reported here.

Significant takeaways from this report include:

Key finding: Injuries and deaths caused by extreme heat
are projected to increase, while injuries and deaths caused
by extreme cold are projected to decrease. Overall, the
annual number of temperature-related deaths in Indiana
is expected to increase, and potentially even double, by
mid-century'. Children, the elderly, those in low-income
households and those with pre-existing conditions will be
at the greatest risk.
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Key finding: Higher temperatures and stagnant air will
increase ground-level ozone production, worsening air
quality. Reduced air quality can trigger asthma attacks

or heart attacks, and cause or worsen respiratory and
cardiovascular illnesses such as asthma, emphysema,
chronic obstructive pulmonary disease (COPD), high blood
pressure, diabetes and heart failure. These then cause
premature deaths.

Key finding: Indiana’s allergy season is projected to
lengthen by a month by mid-century? because of a longer
growing season. Ragweed and other plants will also
produce more pollen as the rising carbon dioxide in the air
increases their growth.

Key finding: Ticks have expanded their range and increased
reproduction rates across Indiana as temperatures have
warmed in recent decades. As a result, the number of tick-
borne illnesses such as Lyme disease has increased. This trend
will continue and intensify as the warming continues.

Key finding: In the past 30 years, increased precipitation
and flooding may have contributed to the increase in
Indiana’s mosquito population. Greater spring rainfall and
warmer temperatures are projected to continue this trend
and will provide living conditions for the more “tropical”
types of mosquitoes that carry diseases such as malaria,
dengue fever, and Zika.

Key finding: Increased precipitation, especially in
winter and spring, will heighten flooding risks. Floods
directly impact human health through physical injuries,
displacement, property loss, and post-flood mold and
fungus growth.

Key finding: Cities like Indianapolis will be particularly
vulnerable to health risks since urban areas create “heat
islands” that can intensify temperature and precipitation
impacts, and also contain more sources of harmful ozone.
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Heat-related illnesses cover a broad range of conditions
from mild dehydration to life-threatening heatstroke.
Extreme heat events increase mortality and morbidity
from heatstroke, dehydration and heart disease, and
can exacerbate the impact of pre-existing conditions
such as diabetes and kidney disease. While everyone

is vulnerable to heat-related illness, some populations
are more at risk including children, the elderly, low-
income households, those with pre-existing medical
conditions and people working in temperature-exposed
occupations.

Indiana’s rising temperatures, especially in the form of
extremely hot days and uncomfortably warm nights,
affect Hoosiers' health. Since 1960, Indiana’s average
annual temperature has risen 0.4°F per decade, resulting
in a cumulative 2°F increase to the annual average since
1960. This warming trend is projected to continue, with
average temperatures in Indiana expected to warm 5

to 6°F by mid-century and 6 to 10°F by late century,
depending on the amount of heat-trapping gases we put
into the atmosphere®.

Extreme Heat

Indiana’s warming average temperatures are expected

to decrease the frequency of cold snaps and increase the
number of extremely hot days. Historically*, extreme heat
events, where the daytime high temperature exceeds
95°F, were limited to fewer than five days per year on
average in the central and northern portions of the

state, with southern Indiana having about twice as many
extremely hot days. By mid-century?, Indiana is projected
to have dozens of extreme heat days per year under both
the medium-> and high-emissions® scenarios. By late
century’, the number of extreme heat days is projected
to rise to dangerously high levels, with southern Indiana
expecting nearly 100 days per year with extreme heat
under the high-emissions scenario. (Historical and
projected changes in extreme cold events are discussed
in the section “Insect-Borne llinesses” below.)

Higher nighttime temperatures

Historically4, nighttime temperatures have remained
above 68°F on about 10 to 40 days per year in Indiana,
depending on the location. Paired with high humidity,
these hot and sweaty conditions provide no respite
from the daytime heat, which puts significant stress on
the body and can accelerate the onset of heat-related
illness for those without access to air conditioning. By
mid-century? Indiana is projected to experience these
conditions much more often, with about 35 to 75 of
these uncomfortable nights per year under a medium-
emissions® scenario and about 50 to 90 nights per year
under a high-emissions® scenario. Projected changes are
even more dramatic by late century?.

Extreme Heat
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Above: Extreme heat days per year for three representative
Indiana counties. An extreme heat day occurs when the daily high
temperature is above 95°F. “Historical” is the average for the period
from 1915 to 2013. For future projections, “2020s" represents the
average 30-year period from 2011 to 2040, “2050s” represents the
average from 2041 to 2070, and “2080s"represents the average
from 2071 to 2100. Data for other locations available.

Source: Hamlet et al. (in review) and Widhalm et al. (2018a).
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Above: Uncomfortable nights per year for three representative
Indiana counties. An uncomfortable night occurs when the daily
low temperature is above 68°F. “Historical” is the average for the
period from 1915 to 2013. For future projections, “2020s” represents
the average 30-year period from 2011 to 2040, “2050s” represents
the average from 2041 to 2070, and “2080s” represents the average
from 2071 to 2100. Data for other locations available. Source:
Hamlet et al. (in review) and Widhalm et al. (2018a).
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As Midwesterners, we know that hot, humid weather can be
dangerous, and even deadly. Together, heat and humidity
make it difficult for the body to keep cool, increasing the risk
of heat exhaustion and heat stroke. Dangerous humidity is
especially problematic for the very young and elderly, and
those people with underlying health conditions. However,
even healthy individuals can succumb to heat extremes when
the physical limits of the body are pushed too far.

Scientists use what is known as the “wet-bulb
temperature”—a combined measure of heat and humidity—
to determine risk of heat-related illness. The higher the
wet-bulb temperature, which is measured in degrees
Fahrenheit (°F), the more difficult it will be to maintain

a safe body temperature. Wet-bulb temperatures above

80°F are considered dangerous, and exposure to wet-bulb
temperatures above 95°F for more than a few hours is lethal.

In a warming world, dangerous humidity is expected to
happen more frequently. Historically'®, Indiana has had about
1 to 10 days per year with wet-bulb temperatures between
80°F and 86°F. These conditions are much like the hottest
summer months in the most humid parts of the Southern
U.S. By mid-century', we are expected to have about 10 to 30
dangerous days per year, with far southern areas of the state
reaching up to 50 days per year. (Sources: Hsiang et al., 2014;
Sherwood and Huber, 2010))

Extremely hot days and uncomfortably warm nights
bring with them serious health risks, especially for
vulnerable populations, those who do not have or
cannot afford air conditioning, and people who work
outside. Some estimates suggest there could be 10,000
to 15,000 more heat-related premature deaths per

year in the U.S. by 2050, and a decrease of 8,000 to
9,000 cold-related deaths per year, for a net increase

of 2,000 to 6,000 annual deaths (Schwartz et al., 2015).
Indianapolis alone is projected to have 43 to 71 net
temperature-related deaths per year by 2050, up from
33 per year in 1990, with rising temperatures reducing
cold-season deaths and increasing warm-season deaths.
For the eleven Indiana cities analyzed by Schwartz

et al. (2015)—Elkhart, Evansville, Fort Wayne, Gary,
Indianapolis, Lafayette, La Porte, Muncie, Portage, South
Bend and Terre Haute—total net temperature-related
deaths by 2050 are projected to range from 217 to 338
per year, up from 150 in 1990. And as noted above, while
these data are not quantified here, for every premature
death caused by hot days and nights there will be
multiple morbidity events that require medical care in an

emergency room or hospital.
Vulnerable populations

Children and the elderly are at a high risk to suffer from
rising temperatures. Children typically spend more time
outdoors, exposing them to heat, and their bodies are
physiologically more susceptible to the effects of heat
than adults’ Indiana’s population of people 65 and older,
a demographic with high vulnerability to heat-related
illness and death, is growing. In 2015, that age group
made up 14.5 percent of the state’s population. By 2050,
it will be more than 20 percent. The elderly are likely to
have more chronic health issues — such as respiratory
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Data are based on research published by Schwartz et al. (2015) for a medium-high emissions
scenario (RCP 6.0) using two climate models (GFDL-CM3, MIROCS) while holding population INCCIA
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Above: Projected number of premature temperature-related
deaths per year for three Indiana cities. Red arrows show warm-
season deaths (April to September). Blue arrows show cold-season
deaths (October to March). Darker shades on arrow tips depict
range of model results. Black bars show range of net annual
temperature-related deaths. Data are based on research published
by Schwartz et al. (2015) for a medium-high emissions scenario
(RCP 6.0) using two climate models while holding population
constant at 2010 levels. Future reporting years are based on 30-
year average periods, with the exception of 2100, as follows: 2030
(2016 to 2045),2050 (2036 to 2065), 2100 (2086 to 2100). These
results are based on historical relationships between temperature
and mortality, which have changed over time. Efforts to help the
most vulnerable Hoosiers avoid exposure to dangerous heat and
treat heat-related symptoms could reduce or prevent the projected
rise in warm-season deaths.

conditions, diabetes and cardiovascular diseases — than
younger Hoosiers. They also often live alone, have fixed
incomes and may lack the support systems to help them
cope with extreme heat.

Today, about 35 percent of Hoosiers are low-income,
living near or below the poverty line. Low-income
families and individuals are particularly vulnerable to
climate change-related health impacts. Low-income
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neighborhoods are disproportionally sited in locations
with higher environmental pollution and with greater
exposure to weather extremes (such as being located in
or near floodplains or areas with poor drainage). Poor
housing quality and overcrowding increase the risk that
members of these communities will be temporarily or
permanently displaced by an extreme weather event.
Low-income communities often lack access to affordable
health care, have lower health literacy and are subjected
to greater environmental exposures, as well as having
fewer resources to recover from the damage caused by
an extreme weather event. Many Hoosier families are
just one crisis or disaster away from hardship and have
limited capacity to cope with climate change.

Rising temperatures also pose serious health risks

for those doing physical labor with direct exposure

to outdoor temperatures, such as farm workers,
construction workers, utility workers and those working
in manufacturing. Heat exposure puts employees at
risk for heat-related illnesses and can reduce overall

Health Benefits of Cleaner Air

productivity as more frequent breaks are required or
production may be halted altogether (EPA, 2015). On
our current high-emissions path, by 2050 the U.S. is
projected to have about $40 billion in lost wages due
to extreme heat, increasing to $170 billion in lost wages
by 2100. In Indiana, most locations are projected to see
about a 1.4 percent to 1.8 percent decline in available
outdoor labor hours by 2050°.

AIR QUALITY

Ozone and fine particulates

Rising temperatures also contribute to worsening air
quality by accelerating the creation of ground-level
ozone, which may also be accompanied by an increase
in particulate matter smaller than 2.5 microns (PM2.5).
Those particles are a strong lung irritant, and at high
concentrations can trigger asthma attacks, heart attacks
and other acute health problems™. Chronic exposure to
ozone and PM2.5 causes or aggravates cardiovascular
and respiratory illnesses such as asthma, emphysema,

Reducing carbon emissions from power plants can slow the planet’s rate of warming. At the same time, reduced power plant
emissions would provide measurable and meaningful benefits to our health, including fewer hospital admissions and premature
deaths from air pollution. One study found that reducing carbon pollution by the amount proposed in the 2014 EPA Clean Power
Plan would also eliminate the emission of other pollutants that would otherwise cause 3,500 premature deaths per year in the U.S.
and result in 1,000 hospitalizations (Schwartz et al., 2014). Indiana ranks in the top 12 states with the highest potential number of

lives saved if emissions were reduced.

INDIANA: A Health Benefits Hotspot
AIR QUALITY AND HEALTH BENEFITS OF A POWER PLANT CARBON STANDARD
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Above: With stringent reductions in carbon pollution from power plants, Indiana would see fewer deaths and injuries due to air
pollution. Source: Harvard School of Public Health and Schwartz et al. (2014).
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the northern, central, and southern
areas of the state respectively. This
allows allergy-causing plants such
as ragweed to produce pollen
for longer periods, extending
the seasonal allergy season,
and to produce more pollen,
which can increase the onset,
frequency and severity of
allergic reactions (Ziska et
al, 2011). Pollenis also a
trigger for asthma attacks,
inflammation, coughing
and wheezing (Darrow et

chronic obstructive pulmonary disease (COPD), high
blood pressure, diabetes and heart failure (Sun et al.,
2010). Increases in PM2.5 may be limited by increased
pollution controls, but rising temperatures will make the
increase in ozone difficult to avoid.

Today, about 200,000 premature deaths per year are
attributed to fine-particulate air pollution and 10,000
to ozone air pollution across the United States (Caiazzo
et al,, 2013). And questions remain about the extent

to which adverse health effects from air pollution are
underestimated in the scientific literature and therefore
underestimated in policy decisions.

Increased loss of life due to worsening air quality is

highly likely, but estimates differ on how many deaths al, 2012).

will occur. One study predicted 4,000 more annual U.S.

deaths by 2050 due to increased PM 2.5 and another INSECT-BORNE ILLNESSES

300 from increased ozone exposure (Tagaris et al, 2009),  Warmer winter and spring temperatures are expected
coming to about 82 and six for Indiana, respectively. to change insect-borne disease risks in Indiana. Our
Another study suggested PM2.5 and ozone together will  state is projected to see fewer days with extremely cold
lead to 2,000 to 4,000 more deaths per year throughout temperatures, which have historically helped control
the country for every 1°C (1.8°F) of warming, or about 42-  pest populations. Since 1960, Indiana has seen 9 fewer
84 more per year in Indiana (Jacobson 2008). days per year with low temperatures below 5°F (Widhalm
Still another approach looked at the United States on etal, 2018b). This trend is projected to continue and

a county-by-county basis and estimated all deaths tied intensify. By late century?, Indiana is projected to have
to ozone exposure during summer months. In Indiana, substantially fewer extremely cold nights per year.

this comes to between 32 and 130 deaths per year by The average lowest temperature of the year - typically

2050 (Alexeeff et al., 2016), with the range accounting
for uncertainties between ozone and health effects and
potential future ozone concentrations under a high-
emissions scenario.

It is important to note, again, that climate change-
related health outcomes will not impact all Hoosiers
evenly. Negative health impacts from worsening air
quality will especially affect children because their lungs
are still developing. Children also have relatively faster
breathing rates, which increase their exposure to air & . b

pollutants such as ozone and PM 2.5. Adults with chronic, N :

pre-existing health conditions will also face more risk, as Carbon Dlo.)gde & Plantz;rOWth
will Hoosiers who live in heavy transit corridors or near . ;

industrial activity.

Did you know that some plants, like ragweed and poison ivy,

Allergens thrive with higher concentrations of carbon dioxide (CO>) in the
Climate change is extending and amplifying the growing atmosphere? Researchers have found that poison ivy plants, for
season for plants in Indiana. This is the case not only example, grow faster and produce more toxic oil per plant in high-
for crops, but for allergen-producing plants as well. CO2 environments. Poison ivy toxicity could double by the year
This, too, negatively affects air quality across the state. 2050 if CO2 emissions continue unabated. Ragweed has also been
Indiana’s frost-free season — in which the temperature shown to grow faster, with increased pollen production, when
continuously stays above 32°F —has lengthened by grown in warmer conditions with higher levels of CO2. Grass pollen
an average of nine days beyond what it was in 1915 also grows in abundance as CO2 concentrations rise. With more than
(Widhalm et al., 2018b). Eight of those have come in 50 million Americans suffering from seasonal allergies, at a cost of
the spring and one in the fall. Under a high-emissions® $18 billion annually, these changes threaten to reduce the health
scenario, by mid-century” Indiana’s growing season is and well-being of many Hoosiers. (Sources: Ziska et al. (2007), Ziska
projected to lengthen by 35 days, 33 days, and 30 days in and Caulfield (2000), Albertine et al. (2014))

Hoosiers’ Health in a Changing Climate: A Report from the Indiana Climate Change Impacts Assessment 5



experienced late on a cold night in winter - historically*
ranged from about -9°F to -1°F from north to south
across Indiana. By mid-century?, this temperature is
projected to warm by about 6°F.

These extreme cold events provide a natural control
on the number and extent of some species of nuisance

pests such as ticks and mosquitoes. As temperatures rise,

these pests are better able to survive the winter, increase
their populations and expand their ranges. That means
without increased attention to the control of these
pests, there will be more of them, in more places and

for longer periods to transmit diseases such as West Nile
virus, Zika virus and Lyme disease.

Traps monitored in Marion County'® already show a
500% increase in the number of mosquitoes from 1981
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Above: Extremely cold nights per year in three representative
Indiana counties. An extremely cold night occurs when the daily
low temperature is lower than 5°F. “Historical” is the average for
the period from 1915 to 2013. For the future projections, “2020s”
represents the average 30-year period from 2011 to 2040, “2050s"
represents the average from 2041 to 2070, and “2080s” represents
the period from 2071 to 2100. Data for other locations available.
Source: Hamlet et al. (in review) and Widhalm et al. (2018a).

to 2016, which is consistent with observed changes

in temperature and precipitation during this time.
Mosquitoes breed in standing water arising from rainfall
and flooding. With projections for increased spring

rain and temperatures, Indiana should expect larger
mosquito populations and more mosquito species
expanding their ranges into the state in the future.

The Asian tiger mosquito (Aedes albopictus), introduced
to the U.S. in 1987, and the Asian bush mosquito (Aedes
japonicus) have already been found in Indiana. These
mosquitoes are effective carriers for a number of viruses,
including dengue, yellow fever, chikungunya and Zika.
An even more effective carrier of these diseases, the

yellow fever mosquito (Aedes aegypti), has been moving
northward with the warming, wetter climate, and
southern Indiana is now within its potential range™.
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Above: Mosquitoes trapped in 20 light traps in Marion County,
Indiana, from 1981 to 2016. Black dots show annual counts. Red
line is the linear trend over the period of record. Source: Marion
County Public Health Department and Filippelli et al. (in review).

In our rivers and lakes, climate change will bring risks
from flooding and toxic algae. Over the last century,™
Indiana’s statewide annual rainfall has increased by 5.6", or
about 15 percent. Extreme rainfall events in the Midwest
(USGCRP 2017), and specifically in Indiana, have also been
happening more frequently (Widhalm et al., 2018b).

Future projections show a continuation of observed
trends, with annual rainfall increasing about 6 percent to
8 percent by mid-century and 5 percent to 10 percent by
late-century’s, and with more frequent heavy downpours.

However, precipitation changes will not be evenly
distributed throughout the year. Much of the increase

is expected to come in the spring and winter — by mid-
century?, the high-emissionss scenario brings precipitation
increases of 16 percent in spring and 20 percent in winter.
Summer and fall rainfall projections indicate potentially
drier conditions but are less certain compared to other
seasons (see Widhalm et al., 2018a) for further details).

The increased frequency and severity of precipitation, as
well as the timing in the spring and winter, considerably
increase the risk of flooding, especially in low-lying
areas throughout the state. These flood events will

be responsible for fatal and non-fatal injuries and
waterborne disease. Heavy storms can cause storm
drains and sewage pipes to overflow and residential
stormwater management systems (e.g., sump pumps)
to fail. Contact with stormwater/wastewater has been
correlated with increased rates of gastrointestinal
illnesses. Dampness in homes, schools and other

Hoosiers’ Health in a Changing Climate: A Report from the Indiana Climate Change Impacts Assessment 6
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Scenario Period Winter Spring Summer Fall Annual
Medium 2050s 16% 13% -2% -2% 6%
Emissions 2080s 17% 10% -3% -3% 5%
High 2050s 20% 16% -3% -2% 8%
Emissions 2080s 32% 17% -8% -2% 10%

Above: Projected annual and seasonal percent change in precipitation for Indiana compared to the historical period (1971 to 2000).
Values represent state-level averages from 10 climate model projections. For the future projections, “2050s” represents the average from
2041 to 2070, and “2080s” represents the period from 2071 to 2100. Source: Hamlet et al. (in review).

buildings caused by flooding can increase mold growth
and lead to higher rates of asthma and allergies.

Floods also bring other problems that will impact
Hoosiers’ health. For instance, the increased rain, along
with higher temperatures, is expected to increase the
growth of harmful algae, which can lead to dangerous
algal blooms. The Indiana Department of Environmental
Management has data from Brookuville Lake'” from 2012
that show climate-related trends in algae cell counts and
harmful algal blooms. Blue-green algae blooms are more
likely in warmer water. Nutrients from farm fields, carried
by runoff, also contribute to their formation.

The algae forms scum on the surface of water and
creates cyanotoxins. These can be ingested through fish
caught in the water, by drinking or touching infected
water, and even breathing air near the water. Depending
on the type of algae, the toxins can cause vomiting,
diarrhea, confusion, seizures, liver damage, or even
paralysis and death'®. This hyper-production of algae
can also cause fish kills, leading to negative economic
impacts, and can degrade water quality from drinking
water sources to such a level that replacement sources
need be brought in, at great expense (as happened in
Toledo, Ohio, in 2014).

ADDITIONAL IMPACTS

Previous sections have discussed several ways in which
a changing climate can affect Hoosiers’health. Those
impacts can have additional, downstream consequences
such as increased rates of anxiety and depression as a
result of trauma during extreme climate events.

Stress is a prime factor in hypertension, a host of
cardiopulmonary and other organ diseases, and
behavioral health problems such as aggression. Mental
health is an increasingly recognized concern following
climate change-driven extreme events (heat waves,
floods)™. Post-traumatic stress disorder (PTSD) is
commonly observed following an extreme weather
event: a recent review reported that PTSD can develop
among 30 percent to 40 percent of those directly
affected, 10 percent to 20 percent of first responders, and
among 5 percent to 10 percent of the general population
following a disaster (Goldmann and Galea 2014). The
frequency of serious mental illnesses (such as anxiety,
depression and PTSD) among New Orleans residents was
estimated to have doubled following Hurricane Katrina
(Kesseler et al 2006). Surveys following Hurricane Sandy
also identified increased anxiety, depression and PTSD
(Lieberman-Cribbin et al 2017). Although the impacts
lessen over time, elevated rates of mental illness are
apparent even years later®.

Other projected impacts of climate change have direct
or indirect consequences for Hoosiers’ health. These
include increases in violent and property crimes,
decreases in agricultural yields, and a variety of other
societal impacts that are projected to cumulatively harm
Indiana’s economy (Hsiang et al. 2017). Increases in
poverty can affect individuals’access to health care, and
combined with decreases in agricultural yields (crops
and livestock) and rising food prices can exacerbate
food insecurity in the state. The overall health impact
on individuals will depend on many factors including
socioeconomics and demographics, environmental
factors and the extent of exposure to hazards.
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KEY KNOWLEDGE GAPS

Several unknowns exist in projecting future health
impacts from climate change in Indiana, beyond the fact
that different models provide a variety of projections

of future temperature and precipitation. Although it is
important to take into account the range of possible
future climates that is reflected in this report, we must
also take into account the range of possible future
human behaviors, migration patterns, and interventions.
For example:

«  Will climate change drive migration away from
coastal communities in the United States and
elsewhere, and if so, will some migrants settle in
Indiana?

«  How will future water infrastructure investments
change flooding intensity or duration, and thus
impact health directly through flood effects or
indirectly through standing water and mosquito
populations?

«  How will changes in technology, affluence, and
societal priorities affect the delivery of cooling relief
to those vulnerable populations without adequate
cooling and with pre-existing conditions?

«  How might the ranges of “tropical” diseases carried
by host mosquito species, already present in Indiana,
extend their reach into Indiana? Will we develop or
deploy new technologies to sterilize or otherwise
eradicate harmful mosquito populations?

+  How quickly might vaccines and anti-viral
medications be developed to prevent vector-borne
viral diseases like Lyme disease, dengue, avian flu,
and malaria?

«  Will the effects of climate change elsewhere in the
world drive political instability that could cause
Hoosiers in the military to be placed in harm’s way?

CONCLUSIONS

In recent decades, changes in Indiana’s climate have
affected Hoosiers’ health and well-being. This report
highlights the growing challenges that we can expect
as the trend toward a warmer and wetter climate
accelerates. Although some segments of our population
face greater threats than others, all Hoosiers will face
health risks from these new conditions. The most

severe health outcomes can be avoided by dramatically
reducing global emissions of heat-trapping gases,
minimizing the amount of future warming. But
significant warming is likely even if society makes major
efforts to slow climate change. To minimize risks from
unavoidable warming, Hoosiers will need to adjust
Indiana’s social and physical systems to cope with hotter

Impact of Climate Change on Human Health

Asthma,
Injuries, fatalities cardiovascular disease

Malaria, dengue,

Heat stress, ~ encephalitis, hantavirus,
cardiovascular % Rift Valley fever
failure

Malnutrition,
diarrhea,
harmful

algal blooms

Water-borne
Diseases

Anxiety, despair, .
depression,
post-traumatic stress

Forced
civil conflict

Adapted from J. Patz csasenst

Above: This diagram describes how disruptions in the climate
translate to impacts on human health. Source: Monika

Dutt, Medical Officer of Health (Cape Breton, Guysborough,
Antigonish), adapted from National Center for Environmental
Health, Centers for Disease Control and Prevention (CDC).

summers, longer and more intense allergy seasons,
increased exposure to tropical pests and heightened
flood risks. Close attention must be given to the most
vulnerable among us—the very young, the elderly,
those with chronic health conditions and low-income
households—as they are disproportionately affected by
climate change. The health impacts of climate change
can be reduced with short- and long-term planning, and
many resources are available to help states, communities
and individuals increase their ability to cope with a
shifting climate and limit contributions to this worldwide
problem. Also, many actions to address climate change
have positive and immediate benefits to our health

and well-being. Understanding the full scope of health
impacts associated with our changing climate is a critical
first step in building stronger and more productive
communities and families.

For more information about Indiana’s changing climate,
please visit: IndianaClimate.org.
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END NOTES

" Average 30-year period from 2036 to 2065. See Schwartz et al. (2015) for
additional details.

2 Average 30-year period from 2041 to 2070. See Widhalm et al. (2018a)
for additional details.

?Projected change in temperature averaged across 10 climate models for
two scenarios of heat-trapping gas emissions. The “medium” emissions
scenario (RCP 4.5) is the lower bound of the temperature range and
the “high” emissions scenario (RCP 8.5) is the upper bound of the
temperature range. The high-emissions scenario represents our current
trajectory. Mid-century refers to the 30-year period from 2041 to 2070.
Late century refers to the 30-year period from 2071 to 2100. Future
temperature changes are relative to the statewide annual average
temperature from 1971 to 2000. Further details provided in Widhalm
etal. (2018a).

4Average from the period 1915 to 2013.

5 The “medium” emissions scenario uses Representative Concentration
Pathway (RCP) 4.5, which has been used to develop many previous
projections summarized by the Intergovernmental Panel on Climate
Change. To achieve the medium scenario, global greenhouse gas
emissions must be significantly reduced almost immediately and peak
in the 2040s before declining.

6 The “high” emissions scenario uses Representative Concentration
Pathway (RCP) 8.5, which has been used to develop many previous
projections summarized by the Intergovernmental Panel on Climate
Change. The high scenario represents our current trajectory. Under the
high scenario, global greenhouse gas emissions continue to increase
until late this century.

7 Average 30-year period from 2071 to 2100. See Widhalm et al. (2018a)
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for additional details.

8 Poverty information comes from the Indiana Institute for Working
Families http://incap.org/iiwf/2015status.html#.WrUQh4ahcll.

9 Climate change and labor statistics are from EPA 2015. Percent change
in labor is relative to hours worked in 2005. Labor losses are for
high-risk industries (farm labor, construction, manufacturing, etc.).
Additional details available at https.//www.epa.gov/cira/climate-
action-benefits-labor.

19 Average from the period 1981 to 2010. See Hsiang et al. (2014) for
additional details.

1 Average for the period 2040 to 2059. See Hsiang et al. (2014) for
additional details.

2Qther impacts of PM2.5 exposure include ischemic heart disease,
cerebrovascular disease (strokes), chronic obstructive pulmonary
disease, lung cancer and lower respiratory infections (pneumonia).
Recent research shows that ambient PM2.5 was the fifth-ranking
mortality risk factor in 2015 https://www.sciencedirect.com/science/
article/pii/S0140673617305056.

3 Data from Marion County Public Health Department, Mosquito Control
Program

1 Mosquito range information from the Centers for Disease Control and
Prevention https://www.cdc.gov/zika/vector/range.html.

15 Average from the period 1895 to 2016.

16 Projected change in precipitation averaged across 10 climate models
for two scenarios of heat-trapping gas emissions. The “medium”
emissions scenario (RCP 4.5) is the lower bound of the precipitation
range and the “high” emissions scenario is the upper bound of the
precipitation range. The high-emissions scenario indicates our current
trajectory. Mid-century refers to the 30-year period from 2041 to 2070.
Late century refers to the 30-year period from 2071 to 2100. Further
details provided in Widhalm et al. (2018a).

7 https://www.in.gov/idem/algae/

18 More detailed information about the impacts of human exposure to
cyanobacteria is available from the U.S. EPA at https://www.epa.gov/
nutrient-policy-data/health-and-ecological-effects.

19 The American Psychiatric Association position statement “How
Climate-Related Natural Disasters Affect Mental Health” https://www.
psychiatry.org/patients-families/climate-change-and-mental-
health-connections/affects-on-mental-health

20 See https://www.nature.com/news/hurricane-katrina-s-psychological-
scars-revealed-1.18234 and https://jamanetwork.com/journals/jama/
article-abstract/186462?redirect=true
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