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Humans need clean air, clean water, safe shelter, healthy food, and a
stable climate for our very survival. We cannot have healthy people
without healthy places, on a healthy planet. Public health
professionals must join our efforts to achieve health equity with the
global fight for environmental and climate justice. The time for action
is now — our health is at stake.
- LINDA RUDOLPH
Public Health Institute
Director of the Center for Climate Change and Public Health
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INTRODUCTION
Overview of the public health impacts of climate
Climate change presents challenges to human rights, quality of life, and public health
that can directly challenge community stability. These adverse consequences in Dane County
include, but are not limited to:


human performance and daily life



heat –related injury and death due to heat waves



respiratory diseases (e.g. asthma) and allergic disorders (e.g. pollen)



vector-borne disease from ticks and mosquitos



waterborne and foodborne disease



food and nutrition insecurity



reduced availability of drinking water, and



mental health impacts and collective violence.

(Dane County Climate Action Council, 2013; PHMDC, 2015b; PHMDC, 2016; Solomon et al.,
2009; US EPA, 2016). Understanding the current and projected climate changes in Dane
County, and the associated risks to community and individual health, will help us make and
promote effective changes in the way we deliver public health services. This knowledge will
help us prevent the acceleration of climate change through changes in policy, systems, and
environments.

The more we know about
climate change, the better we
can work to protect public
health in Dane County.
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1. WHAT IS CLIMATE CHANGE?
The United States Environmental Protection Agency (US EPA), defines climate change as
any significant change in the measures of climate (temperature, precipitation, and weather and
wind patterns) lasting for an extended period; typically spanning several decades or longer.
Research supports that these changes in climate are linked to increasing levels of greenhouse
gases (GHGs) in the atmosphere (US EPA, 2016a and US EPA, 2016b).
Recent increases in GHGs, especially carbon dioxide (CO 2), are attributed to human
activity following the industrial revolution due to the burning of fossil fuels. As a result, the
Earth’s average temperature has risen 1.5 ºF over the past century and is projected to increase
another 0.5 to 8 ºF over the next 100 years. These increases will impact our society due to
changes in agriculture, temperature, precipitation, natural ecosystems, and human exposure to
vector-borne disease (PHMDC, 2016 and US, 2016a). We can already see the adverse impacts
of climate change on human health around the world as the global temperature changes
(Figure 1).

FIGURE 1. How climate change affects your health

Source: https://www.apha.org/news-and-media/multimedia/infographics/how-climate-change-affects-your-health
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2. OVERVIEW OF STATE AND COUNTY
CLIMATE CHANGE IMPACTS
Wisconsin is generally becoming warmer and wetter across the western and south
central regions of the state. We have experienced a 1.1°F increase in annual average
temperature and a 10% increase in rainfall from 1950 to 2006; this trend is projected to
continue. By 2050, statewide annual average temperatures are likely to warm by 6-7º F with
the largest projected seasonal increases during the winter and spring (WICCI, 2011).

WISCONSIN IS BECOMING WARMER
Currently, daily high temperatures are above 90 degrees about 12 times per year in
southern Wisconsin during the summer months. However, the frequency of very hot days above
90 degrees is projected to triple across the state over the next few decades (Figure 2; WICCI,
2011). Winters have also become warmer, resulting in a decreasing number of subzero days,
milder nights, and fewer extended stretches of subzero temperatures. These temperature changes
have resulted in increased icemelting conditions in Dane
County surface waters,

FIGURE 2. Projected change in days > 90° from
1980 to 2055 (SRESA1B)

including Lake Mendota whose
ice average coverage has
declined from four months to
three months over the past 150
years demonstrating the
increasing number of warmer
winter temperatures (Figure 3;

WICCI, 2011).
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WISCONSIN IS BECOMING WETTER
Extreme weather events are becoming more frequent and severe in Dane County.
Although difficult to predict, Wisconsin is likely to continue its trend toward more precipitation
overall, including large storms. Statewide, the amount of precipitation that falls as rain rather
than snow during the winter is also projected to increase significantly, with freezing rain more
likely to occur. (Dane County Climate Action Council, 2013)
Each of these climate change trends are discussed more thoroughly in the following
sections to include state and county data as applicable or available, potential public health
impacts, challenges, and interventions.

FIGURE 3. Ice breakup is 15 days earlier on
average than 150 years ago
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3. POPULATIONS ON THE FRONTLINE OF
CLIMATE CHANGE
The Intergovernmental Panel on Climate Change (IPCC) has defined vulnerability to
climate impacts as “the degree to which geophysical, biological, and socio-economic systems are
susceptible to and unable to cope with, adverse impacts of climate change” (IPCC, 2007). The
most vulnerable sectors of the population can include individuals who are very young, elderly,
pregnant, socially isolated, homeless, and individuals with chronic disease, low social-economic
status, with disabilities, and/or mental health issues. In many communities, the populations
who are on the frontline of climate change also mirror those who are most affected by the social
and economic determinants of health: people of color, non-English speakers, residents with less
than a high school education, indigenous groups, and individuals facing discrimination due to
gender or religion (Friel,et al., 2011; WHO, 2008, Ford, et al., 2014).

CLIMATE CHANGE AND HEALTH EQUITY
Climate change increases the health risks of marginalized populations. These populations
generally have fewer resources to adapt to climate change and limited input into decisionmaking that affects their lives. As a result, climate change can exacerbate socioeconomic
inequities in frontline populations, which worsens health inequities (Levy and Patz, 2015).
Health inequities arise from differences in living conditions and access to health
resources and opportunities. As defined by the Centers for Disease Control and Prevention
(CDC), health inequities are “preventable differences in health outcomes that are the result of
the systemic and unjust distribution of social determinants or conditions that support
health,” (CDC, 2014a). For example, in low-income communities, having less access to medical
care and resources makes it more difficult to deal with the impacts of extreme heat, reduced air
quality, vector-borne diseases and other climate effects on human health and quality of life.
To combat the effects of climate change, we must focus on promoting health and racial
equity through climate justice. In concept, climate justice refers to this intersection of health
equity and climate change. Climate justice recognizes climate change as a human and civil
rights issue. In practice, it requires ensuring the fair treatment and inclusiveness of people
most affected by climate change in creating policies and practices to address climate change.
(NAACP, 2018).
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4. HEALTH EFFECTS OF EXTREME HEAT
EXPOSURE
Extreme heat is a significant public health threat in the United States; in Wisconsin, the
average annual temperature could increase by 4 - 9͌ ºF by 2055 (WI DHS, 2017). Heat waves are
especially hard on children, the elderly, outdoor workers and athletes, and economically
disadvantaged groups. (USGCRP, 2016) Exposure can cause heat exhaustion and heatstroke,
and can worsen preexisting cardiovascular disease, respiratory conditions, and other chronic
illnesses. (USGCRP, 2016, WI DHS, 2017) In cities across the nation, the “urban heat island”
effect can increase temperatures from 1.8 to 5.4°F higher than the less developed areas around
them. This effect combined with increases in warmer nighttime temperatures means that many
people are unable to sufficiently cool down at night, which increases their risk of heat-related
illnesses. People who live alone or lack air conditioning are at even greater risk. Urban heat
islands, combined with poor air quality, and growing urbanization, are projected to increase the
vulnerability of people to heat-related health impacts.

EXTREME HEAT AND VULNERABLE POPULATIONS
Increasing temperatures and a prolonged number of seasonal days with a high daily
temperature can affect the ability of public health agencies to provide necessary services to
vulnerable populations on the frontlines of climate change. This is particularly the case among
older adults and younger children, due to an increased risk of heat-related injuries and death
resulting from poverty, housing quality, and/or adequate access to resources and services. This
elevated risk is worsened by an increased and prolonged strain on the power grid due to the
heavy demands for air conditioning and other amenities.

This increased demand could

ultimately result in a potential increase in cases of heat illness or death to a larger population
throughout the community due to power outages (Dane County Climate Action Council, 2013
and US EPA, 2016b).
Providing increased intervention services to a growing number of vulnerable residents
could further strain the capacity of governmental staff and available resources. (Dane County
Climate Action Council, 2013). Moreover, extreme heat conditions can also damage crops, injure
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or kill livestock, and promote drought conditions and topsoil loss that can promote food security
issues and further jeopardize individual and community health (US EPA, 2016b).

EXTREME HEAT AND POLLEN
Warmer spring and fall temperatures can make the growing season longer, which can
increase the amount of allergens in the air. This is especially the case for ragweed, one of the
most common environmental allergens in Dane County communities, with a 15 day increase in
ragweed pollen season observed over the past two decades (1995 – 2015) (Kinney, 2008; US
EPA, 2016b). The projected increase in pollen production would presumably lead to additional
allergy episodes and other allergy-related illnesses including respiratory conditions and
exacerbation of asthma symptoms; this is especially the case for children who are typically more
sensitive than adults are to the effects of pollen (US EPA, 2016b; WI DHS, 2-17).
FIGURE 4. Change in length of growing season by
state, 1895-2015
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5. HEALTH EFFECTS OF INCREASED
PRECIPIATION AND EXTREME WEATHER EVENTS
Climate change has a direct impact on precipitation that can be detrimental to the
health of our communities and the delicate ecosystems of our environment. As the average
temperature and the numbers of warmer days increases, more evaporation of surface waters
supplies an increased amount of moisture in the atmosphere to fuel precipitation events and
can exacerbate surface drying in drier areas (Trenberth, 2011; US EPA, 2016b).

STATEWIDE PRECIPITATION TRENDS
At the state level, the amount of precipitation per year has increased by about 3.1 inches
per year from 1950-2006. Similar to national data, this increase was not evenly distributed
geographically and resulted in regional differences in precipitation (US EPA, 2016b, and
WI DHS, 2016). In Northern Wisconsin, precipitation decreased up to 4 inches, but western and
south-central regions (including Dane County) increased up to 7 inches (Figure 5).These
changes can increase susceptibility of climate-related health impacts and extreme weather
events (WI DHS, 2016).
The projected increase in annual rainfall and number of intense rain storms heighten
the risk of soil erosion, which could affect the availability and quality of water resources and
agricultural land and crop viability. If action is not taken, future soil erosion rates could double
by 2050 compared to 1990 rates, which will likely increase sediment and nutrient loading of
water sources, increase blue-green algal blooms in lakes, and decrease biodiversity in wetlands
(Dane County Climate Action Council, 2013). Although warmer temperatures and longer
growing seasons could boost agricultural production, changes in rainfall patterns also influence
groundwater recharge; any decrease in groundwater recharge could be compounded by
increased demand for irrigation due to an extended growing season, or seasonal drought that
would further challenge drinking water and surface water resources. (Dane County Climate
Action Council, 2013; and PHMDC, 2016). Heavy rain and flood events could also directly
threaten food and drinking water supplies and the financial security of Dane County
agricultural communities due to crop damage, soil erosion and top soil loss, and infrastructure
deterioration.
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FIGURE 5. Changes in Annual Average Precipitation
(Inches) from 1950 to 2006

Wisconsin Department of Health Services, 2016. Climate and Health – Community
Engagement Toolkit. Published image.

HEALTH EFFECTS OF INCREASED PRECIPITATION
Increased surface water evaporation and higher atmospheric moisture rates also expand
the risk of heavier precipitation events such as severe storms and flooding (USGCRP, 2016;
WI DHS, 2017). A sobering example of a heavy precipitation event resulted in the flooding of
Dane County in 2018 causing over $150 million in damage to private residencies, businesses,
and public infrastructure (Novak, 2018).
At the individual level, flood events can also result in injury and drowning among
members of exposed communities, exacerbate underlying medical conditions, increase the risk
of posttraumatic stress disorder and other adverse mental health effects, and cause potential
loss of personal property and financial stability. Specific groups of people are more likely to
experience distress and other adverse mental health consequences from exposure to extreme
weather disasters. These groups include children, the elderly, women (especially pregnant and
post-partum women), people with preexisting mental illness, the economically disadvantaged,
homeless individuals, and first responders. Communities that rely on the natural environment
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for sustenance and livelihood, as well as populations living in areas most susceptible to specific
climate change events, are at increased risk for adverse mental health outcomes. (USGCRP,
2016).
These same communities are at a higher risk for a disease outbreak from contaminated
food and drinking water supplies, exposure to increased levels of allergens from molds and
pollens, and elevated mosquito activity from standing water and flooding issues (CDC,;
Solomon et al., 2009; US, 2016b; WI, 2016). Precipitation extremes (i.e. flooding and drought)
can also threaten food security and further exacerbate communities already experiencing food
insecurity due to limitations in food availability or the increasing price of available food
supplies. Higher food prices also encourage consumption of cheaper calorie-dense foods, which
increases the risk for chronic illnesses such as obesity and diabetes. (Rudolph et al, 2015)
Drier conditions during periods of drought may also reduce drinking water availability
due to limited aquifer recharge from decreased rainfall and continued pumping of existing
resources. Ground water is a renewable resource only when the rate of water discharge from
pumping does not exceed the natural rate of ground water recharge from the hydrologic cycle
(US Department of Interior, 2016).

EXTREME WINTER WEATHER
During the winter months, extreme amounts of snow, ice, and sleet can also affect
health. Extreme winter weather causes hazardous driving conditions that may result in
increased traffic accidents and travel injuries; salting roads to improve conditions contributes to
sodium and chloride levels of drinking and surface water supplies (PHMDC, 2014; PHMDC,
2016; PHMDC, 2018; WI DHS, 2016). In addition, power outages from damaged power lines
may lead to hypothermia or an increased risk of carbon monoxide poisoning if residents attempt
to use gas appliances and/or propane or kerosene heaters for warmth. Socially isolated and
homeless populations are particularly at risk during winter storms and extreme cold conditions
due to lack of access to necessary resources (WI DHS, 2016).
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6. VECTOR-BORNE DISEASE
Warmer days and longer seasons of conditions favorable to insect activity allow vectors
such as ticks, fleas, and mosquitoes to expand their ranges to areas that were formerly
unsuitable and increase vector populations in endemic areas. The ultimate result of this
expanded range and activity allows vector-borne diseases, including Lyme disease and West
Nile Virus (WNV), to reach greater numbers of susceptible population. This increase in
potential exposure may lead to an increase in the incidence and prevalence of these diseases
and may require significant resources to combat their impacts.
Since the first reports of WNV in the state, Dane County has recorded a total of 38 cases
of human WNV infection (probable and confirmed) since 2002 including 2 deaths. As shown in
Table 1, eight human cases of the disease were reported in 2018; each were neuroinvasive. One
case of St. Louis Encephalitis (SLEV), a vector-borne disease similar to WNV, was also reported
in Dane County in 2018; this was the first case of the disease reported in Wisconsin since 1981
(PHMDC, 2019). The potential risk of WNV and SLEV cases is directly tied to the level of
mosquito activity in human
FIGURE 6. Inspected Accessible Sites in the City of Madison
Metro area

population areas; primarily the Culex
mosquito species but to a lesser
degree the Aedes species.
species, similar to other
mosquito species, itself is
driven by climate events
including rain events
and droughts that result in an
increase or decrease in vector
activity (Figure 6).
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TABLE 1. Number of human WNV cases in Dane County.
Cases Identified
2017

2018

Total since 2002

WNV Fever

0

0

12

WNV Encephalitis (non-fatal)

7

8

24

WNV Encephalitis (fatal)

0

0

2

Total

7

8

38

The primary drivers of the climate related increase in vector-borne disease risk are the
direct influence of changing temperature and precipitation patterns that, as previously outlined,
may prompt an earlier start and later end of the seasonal distribution of vector populations and
the daily activity and abundance in a given geographical area (CDC, 2014b; Campbell-Lendrum et
al., 2015). More precipitation and flood events in spring and summer months will create a greater
risk of standing water in ditches, ponds, and flooded areas where mosquitoes can breed.
Furthermore, precipitation events followed by dry periods or drought events will also promote
mosquito activity because the developing larvae are not washed out from urban waste water
systems and other previously mentioned water sources. With larger mosquito populations and
more activity, humans are more likely to be exposed to vector-borne disease.
Climate can also impact the potential exposure to vector-borne disease risk by
influencing human behavior (e.g. clothing choices and increased outdoor activity) that will
increase the likelihood of contact with ticks and mosquitos and could increase the surface area
of the body for exposed to insect bites. In addition, more favorable weather conditions also
increase animal activity that, in turn, increases the availability of animal hosts (e.g. birds, deer,
and horses) that are essential in the support and movement of certain vector populations and
serve as reservoirs for vector-borne diseases (CDC, 2014b; Campbell-Lendrum et al., 2015;
WHO, 2011).
Similar to many other examples, the risk of vector-borne disease is not shared equally
among members of the population. Specific populations have a greater risk of exposure to
vector-borne disease. Factors that may increase contact to vectors potentially harboring disease
include, but are not limited to housing quality, location of housing, and/or socioeconomic status
(Campbell-Lendrum et al., 2015; Haines et al., 2006; Knudsen & Sloff, 1992; WHO, 2011). For
example, individuals that live in areas dominated by poor housing quality may live in homes
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with conditions that allow vectors to enter the residence such as cracks in the foundation, poorly
maintained seals for window and doors, and lack of proper screening on windows. Also, lowlying areas that maintain standing water for periods of time following rain events, detention and
retention ponds, marshes, or other areas that may contain stagnant standing water sources
allow mosquito populations to grow and thrive without appropriate management and treatment.
In Dane County, local and state agencies work together to track sick and dead bird
reports as a primary surveillance effort for the evaluation of WNV in Wisconsin. Sick and dead
birds (primarily American Crows and Blue Jays) are collected and tested for the virus. Public
Health Madison and Dane County (PHMDC) monitors participating communities in Dane
County for mosquito activity and treats impacted water sources as needed. Education about
avoiding exposure to vector-borne diseases such as WNV and Lyme disease supplement
monitoring and control efforts of vector populations. These and similar efforts are essential for
the evaluation of the risk of disease and the reduction of vector-borne disease in our
communities and will become increasingly important as climate related changes in vector
activity, population sizes, and potential for contact with human populations increases.

With larger mosquito populations
and more activity, humans are
more likely to be exposed to
vector-borne disease
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7. HEALTH EFFECTS OF AIR POLLUTION
Temperature, wind speed and direction, and precipitation influence contaminant
emissions, transport, dilution, atmospheric chemical reaction, and deposition that can result in
elevated levels of air pollution (Kinney, 2008). In Dane County, the primary air quality
concerns are ground level ozone and particulate matter concentrations; these are levels that can
be directly affected by the projected increases in temperature associated with climate change
(Kinney, 2008; WICCI, 2011). Ozone is formed from the chemical reaction of nitrogen oxides
(NOX) and volatile organic compounds (VOCs) during warm sunny conditions; therefore, the
formation of ozone due to climate change would potentially increase due to higher
temperatures, and an increased number of days favorable for ozone formation (Jacob and
Winner, 2009; Kinney, 2008, PHMDC, 2015a).
Changes in climate can also have impacts on particulate matter. This contaminant,
composed of a diverse mixture of microscopic solids and liquids (e.g. soils, dusts, organic
chemicals, and allergens), is produced in large quantities by the combustion of fuels by motor
vehicles, power plants, wildfires, and motorized equipment (Kinney, 2008, PHMDC, 2015a).
Increases in temperature and the number of days with higher temperature is expected to
increase power plant emissions, including GHG emissions, due to increased use of air
conditioning units during peak summer months. In addition, changes in temperature,
precipitation, and wind conditions can increase windblown dusts and increased risk and
movement of forest fires (Kinney, 2008).

AIR POLLUTION AND HEALTH
Prolonged exposure to air pollution can greatly increase disease risk; this is especially
the case among susceptible populations such as children, the elderly, individuals with
underlying heart or respiratory conditions, and individuals with lower social economic status
(American Heart Association, 2015, Jacob and Winner, 2009; Kinney, 2008, PHMDC, 2015a).
Children are more vulnerable to both short-term and long-term illness from air pollution, as
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their developing lungs are more sensitive to irritation, they breathe at a faster rate than adults,
and can spend more time outdoors engaging in vigorous activity (PHMDC, 2015a).
For people with asthma, poorer air quality can trigger and/or exacerbate symptoms and
increase the risk of stroke, heart disease, and lung cancer development among exposed
populations. In these communities, the elderly and individuals with underlying heart or
respiratory diseases, lower socioeconomic status, and/or diabetes are at particular risk
(American Heart Association, 2015; Brooks et al., 2004; Cohen and Pope, 1995; PHMDC 2015a).
Long-term exposure to air pollution is also positively associated with mild cognitive impairment
in older adults and may play a role in early childhood Attention Deficit Hyperactivity Disorder
behavior problems (Tzivian et al., 2016; Perera et al., 2014).
Policies that decrease air pollution through promoting clean energy alternatives, such as
solar and wind power, have multiple benefits for the environment and public health.
Additionally, reducing GHG through active transportation (walking or biking during the course
of daily activities) instead of driving reduces air emissions, improves physical fitness and
reduces healthcare costs. The associated decrease in air pollution from less car dependence in
urban areas also improves health in downwind rural areas (Grabow et al., 2012).

For people with asthma, poorer air
quality can increase the risk of
stroke, heart disease, and lung
cancer development among
exposed populations.
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8. NEXT STEPS
Increasing our understanding of the short and long-term public health impacts of climate
change in Dane County requires an internal assessment of our workforce needs and the
identification of plans, policies, and programs where climate and health work could be
addressed. Local, state, and national partnerships need to be developed with stakeholders
already working to address climate change, and with those who represent frontline
communities. With these partners, public health plans and strategies must be developed,
monitored, and evaluated to assure that Dane County residents can adapt to and help mitigate
climate change. The development of these partnerships have become increasingly important to
take actions at the local and state levels due to the recent political climate at the federal level
that has resulted in the elimination or narrowing of multiple regulations and policies governing
environmental protections. This policy shift reduces protection from a variety of sources of
environment contamination including air pollution and vehicle emissions, drilling and mining,
water quality protections, and environmental impact reviews of federal infrastructure projects
(Popovich, Albeck-Ripka, and Pierre-Louis, 2019).

Through research, planning, and
partnerships, we can adapt to and
help mitigate climate change in
Dane County.
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9. LOCAL CLIMATE CHANGE PLANS
A. State Climate and Health Adaptation Plan
B. Dane County Climate Change and Emergency Preparedness Report
i. Dane County Climate Change Action Council
C. City of Madison Climate Protection Plan
D. City of Madison Sustainability Plan
E. Sustainable Madison Committee’s Carbon and Energy Resolution
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