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Introduction 
Climate change threatens the health and well-being of everyone in Minnesota. It increases the risk of illness 
and injury, worsens existing health conditions, and deepens inequities shaped by age, race, income, 
geography, and other social and economic factors. Without swift action, these health risks will continue to 
intensify, placing increasing strain on communities, health care systems, and the economy.  

Minnesota’s 2026 Climate Action Framework is the state’s roadmap to reduce climate pollution, also known as 
greenhouse gas (GHG) emissions, and prepares communities for climate change in ways that benefit all 
Minnesotans. Actions that reduce climate pollution or increase the removal of GHG emissions from the 
atmosphere (e.g., by expanding forests) are referred to as mitigation, while adaptation refers to actions that 
help reduce vulnerability to the current or anticipated impacts of climate change. Many climate actions 
advance both goals. The framework includes mitigation and adaptation strategies, as well as public health 
strategies to reduce climate-related health risks. 

This public health supplement to the framework is organized in two sections:  

1. Health harms of climate change — a summary of some of the current and expected health impacts 
from climate change. 

2. Health benefits of climate change mitigation — an overview of current conditions, health pathways, 
and potential health benefits associated with eight categories of mitigation strategies included in the 
framework.  

This document focuses on mitigation strategies because they can deliver immediate and long-term health 
benefits that are often overlooked. Understanding the health benefits of climate action can help decision-
makers identify opportunities to maximize benefits and advance health equity. Framing climate action through 
a public health lens can also strengthen support for climate solutions and encourage broader engagement. 

Both sections are informed by a large body of scientific literature, as well as input and feedback from state 
agency staff and members of the public who participated in the framework’s engagement process, described 
in the engagement supplementary document. This resource also incorporates social determinants of health 
concepts. According to the U.S. Centers for Disease Control and Prevention: 

Social determinants of health are the nonmedical factors that influence health outcomes. They are the 
conditions in which people are born, grow, work, live, worship, and age. These conditions include a 
wide set of forces and systems that shape daily life such as economic policies and systems, 
development agendas, social norms, social policies, and political systems.1  

In addition to posing direct health risks, climate change indirectly poses health risks by impacting the social 
determinants of health. Conversely, climate change mitigation actions can influence the social determinants of 
health in ways that provide broad public health benefits. For example, increasing multimodal transportation 
options can reduce climate pollution while improving air quality and promoting increased physical activity.  

The pathways between climate action and health outcomes are complex and multi-layered, but evidence 
suggests that climate mitigation can provide multiple opportunities to improve health. The degree to which 
these actions benefit public health will depend on how — and to what extent — they are implemented. This 
report examines climate mitigation actions that can improve health outcomes toward our vision of a carbon-
neutral, resilient, and equitable Minnesota. 

https://climate.state.mn.us/sites/climate-action/files/cc-mn4-04c.pdf
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Health harms of climate change  
Rising temperatures, wildfires, wildfire smoke, stronger storms, flooding, and changing precipitation patterns 
are destabilizing the systems that support health, including clean air, safe drinking water, food production, 
community well-being, and much more. Reducing GHGs can slow down and lessen these impacts. This section 
draws on peer-reviewed studies and health data to highlight some of the current and projected health 
consequences of climate change that are likely to worsen without rapid and substantial climate pollution 
reduction.  

Evidence shows climate change is worsening health outcomes, but fully measuring and forecasting the extent 
of the health impacts in Minnesota is difficult due to rapidly evolving conditions, uncertain future climate 
patterns, data gaps, and complex links between environmental exposures and health effects. Continued 
research and improved data collection are needed to better understand climate-related health risks and to 
strengthen planning, response, and preparedness efforts. 

While scientific understanding continues to evolve, there is strong evidence that climate change increases the 
risk of illness, injury, mental health challenges, and premature death through a variety of pathways. The 
following section outlines how climate change impacts health both directly and indirectly, including by 
disrupting agriculture, damaging important infrastructure, reducing worker productivity, straining food and 
water systems, and contributing to broader economic losses. 

Major climate-related health threats 

Extreme heat 
Extreme heat is the leading weather-related cause of death in the United States2 and poses a growing threat in 
Minnesota. Extreme heat can cause heat stroke, worsen chronic diseases, increase hospital visits, reduce work 
capacity, raise health care costs, and increase mortality.3 In Minnesota, 77 deaths were directly attributed to 
extreme heat between 2000 and 2023.4 Since 2010, Minnesota has averaged about 800 heat-related 
emergency department visits each summer.5 These data likely underrepresent the full scope of heat-related 
health impacts in Minnesota because heat is underdiagnosed, misclassified, and underreported as a cause of 
death and hospital visits.6 Additionally, new research suggests exposure to extreme heat can have long-term 
effects, such as neurological damage, kidney disease, and accelerated aging.7 Rising temperatures may also 
cause mental and behavioral health impacts including insomnia, cognition impacts,8 interpersonal violence,9 
and mental health crises.10, 11 Heat islands and waste heat from buildings and vehicles further amplify these 
risks.12 

Air pollution 
Fossil fuel combustion produces GHGs and other harmful air pollutants, including fine particulate matter 
(PM2.5) and ground-level ozone. PM2.5 is particularly harmful to health because it is made of many pollutants 
with particle sizes small enough to enter the bloodstream, triggering inflammation and increasing risks of heart 
attacks, strokes, respiratory illness, and mental health issues.13, 14, 15  
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Ground-level ozone is a secondary pollutant formed through chemical reactions between nitrogen oxides (NOx) 
and volatile organic compounds (VOCs).16 This reaction becomes more prevalent as temperatures rise with 
climate change, elevating levels of ground-level ozone and risks to human health. 17 Ozone can irritate the eyes, 
nose and throat, aggravate lung diseases, or increase the risk of premature death in people with heart or lung 
disease.18, 19 In Minnesota, ground-level ozone levels are relatively close to the national standards.20  

Wildfire smoke 
Wildfire smoke has become a major health concern in Minnesota. Since 2021, the state has experienced 
unprecedented smoke events. Wildfire smoke, which contains thousands of chemical compounds and 
particles,21 is a growing source of PM2.5 and the pollutants that form ground-level ozone.22 Exposure is linked 
to reduced lung function, asthma attacks, heart attacks and strokes, weakened immune systems, and 
increased mortality.23 Additionally, wildfire smoke exposure can impact sleep and mental health.24  

Data analyses conducted by the Minnesota Department of Health indicate measurable associations between 
wildfire smoke events and adverse respiratory outcomes. A study found a statistically significant increase in 
respiratory-related emergency department visits during the 2021 wildfire season in Minnesota,25 which 
triggered a record 13 air quality alerts covering 42 days. A subsequent review of wildfire smoke events in 2025 
likewise indicated higher-than-expected emergency department visits for respiratory issues from a five-day 
wildfire smoke event (July 29 to August 2, 2025) in both the Twin Cities metro region and in the northeast 
region of the state.26 

It is important to distinguish wildfires from prescribed fires, which along with fire suppression, can help reduce 
safety and health risks from wildfires.27 

Pollen and allergies 
Rising temperatures in Minnesota are shortening winters, shifting plant hardiness zones northward, and 
extending growing seasons. Combined with higher atmospheric carbon dioxide levels, these changes increase 
pollen production, intensifying exposure to airborne allergens that trigger conditions such as asthma and other 
respiratory illnesses.28, 29 The season for ragweed pollen, a major trigger of seasonal allergies in Minnesota, 
lengthened by 18-21 days between 1995 to 2015, increasing the risk of allergy and asthma symptoms.30 

Vector-borne diseases 
Warmer temperatures and changing weather patterns impact the lifecycles and geographic range of ticks, 
mosquitos, and other disease-carrying insects and insect-like creatures. Diseases transmitted by ticks, including 
Lyme disease, anaplasmosis, and babesiosis have increased significantly in Minnesota, rising from less than 300 
cases per year in 1996 to nearly 4,400 cases per year in 2025.31, 32, 33 Areas considered to be at high or 
moderate risk for these diseases have also expanded, going from a small number of counties in east central 
Minnesota in the 1990s to nearly two-thirds of the state in 2025.34 New or emerging diseases transmitted by 
ticks have also been detected in Minnesota, including Powassan virus disease, ehrlichiosis, spotted fever 
rickettsiosis, and hard tick relapsing fever.35, 36 
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Water-related health risks 
Warming lake temperatures and changing precipitation patterns in Minnesota are increasing the risk of water-
related health hazards. Warmer, nutrient-rich conditions promote harmful algal blooms, which produce 
cyanotoxins that pose health risks to people and pets through ingestion, skin contact, or inhalation during 
water activities and can cause symptoms such as vomiting, diarrhea, rash, eye irritation, cough, sore throat, 
and headache.37 At the same time, rising water temperatures in lakes and rivers may expand the range of the 
Naegleria fowleri ameba that causes primary amebic meningoencephalitis,38 a rare but almost always fatal 
brain infection.39 

Extreme precipitation and flooding  
Climate change is increasing the frequency and intensity of extreme precipitation and floods. These events can 
cause deaths, injuries, illness, and long-lasting psychological distress;40 contaminate drinking water; spread 
infectious diseases; and promote mold growth in flooded homes and businesses.41  

In Minnesota, mega-rain events have become 2.5 times more common between 2000 and 2021 than between 
1973-1999. A mega-rain event is an event in which six inches of rain covers more than 1,000 square miles in 24 
hours or less, with at least eight inches falling somewhere in that area. These events can be catastrophic, 
destroying homes and businesses; contaminating wells; damaging essential infrastructure, such as roads for 
people to access health care, food, and medicine; and disrupting water supplies.42 

Drinking water impacts 
Safe drinking water is essential for protecting public health and supporting a healthy economy. Minnesota has 
an outstanding record of providing safe and sufficient drinking water for customers on public water systems 
and continuously maintains a high rate of compliance with the federal Safe Drinking Water Act.43 Throughout 
2025, more than 99% of Minnesota's 6,582 public water systems met all federal health-based drinking water 
standards.44  

However, climate change poses growing drinking water challenges — due to increases in heavy precipitation, 
winds, ice storms, droughts, and loss of power — which can disrupt the ability of public water supplies to 
provide safe drinking water and impact water quality and quantity for private well users. Climate change may 
disproportionately affect private well users. For example, heightened demand for groundwater in response to 
drought can draw down water levels in nearby private wells and can even leave households without drinking 
water. Flooding can temporarily make private wells unsafe to use; wells should be treated and tested before 
the water is used again.45 Compromised drinking water can cause a wide range of acute and chronic health 
effects including disease outbreaks, depending on the type and concentration of contaminants present.46, 47 
The Minnesota Drinking Water Action Plan includes strategies to respond to these challenges and protect 
drinking water in our changing climate.48 

Food systems impacts 
Agriculture is increasingly strained by erratic precipitation patterns — including drought, extreme rainfall, and 
flooding — as well as extreme heat. These conditions can severely reduce crop yields and lead to livestock 
stress, illness or mortality, contributing to higher food prices and heightened food insecurity. At the same time, 
farmers face growing financial pressures as weather-related losses make yields more variable and less 
predictable. When combined with broader global economic trends and supply chain disruptions, these stresses 
contribute to rising mental health challenges in farming communities.49, 50 

https://www.health.state.mn.us/communities/environment/water/docs/cwf/fdw/actionplan.pdf
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Wild foods including game, fish, and wild rice are an important, nutrient-rich component of the diet in many 
Minnesota communities.51, 52, 53 The loss of natural lands can impact access to these food sources and the 
health of everyone who depends on or supplements their diet with wild foods.  

For the Tribal communities that share Minnesota’s geography, wild foods are integral to their food systems 
and traditions. During the development of the Climate Action Framework, Tribal Nations and American Indian 
communities recounted impacts to wild foods and traditional food gathering practices that are central to their 
culture and health. These included shrinking wild rice beds, increasing tick infestations that kill game, 
increasing flooding that pollutes fisheries, and sporadic weather affecting maple sugar harvesting. This loss of 
traditional food access and cultural practices harms Tribal and urban American Indian communities’ physical, 
mental, social, economic, and spiritual health.54, 55 For example, in recent years, heavy rainfall and precipitation 
in the spring and summer have hampered wild rice growth for the Bois Forte Band of Chippewa and Fond du 
Lac Band of Lake Superior Chippewa, reducing the amount of wild rice that could be harvested and negatively 
impacting nutrition and income for families in these communities. In addition to being a staple food and 
source of income for Tribal communities, wild rice is integral to their traditions, cultural heritage, social 
connections, and relationships with the land.56  

In addition to extreme-weather-related impacts on agricultural and wild food sources, studies indicate 
elevated carbon dioxide levels could result in reduced nutritional value in crops, including decreased 
concentrations in zinc, iron, and protein, which could lead to nutrition deficiency in some populations 
depending on the types of foods they rely on. While the effects of climate change on the nutritional value of 
crops are highly complex and uncertain, research underscores the need to better understand the risks and 
advance a climate-resilient food system that supports both caloric and nutritional needs.57 

Impacts due to changing landscapes 
Climate change affects health not only through physical hazards but also through social disruption and 
psychological stress. Loss of access to nature, cultural traditions, and outdoor recreation can harm mental 
well-being and social connections. Research suggests that access to nature is linked to improved mental health 
outcomes through intertwining pathways including social connections, physical activity, and stress.58  

Changes in natural landscapes can cause a sense of profound loss that researchers have termed solastalgia, “a 
form of homesickness one gets when one is still at ‘home’ but because it has changed so much it no longer 
feels like home.”59 Experiencing environmental change has been associated with post-traumatic stress 
disorder (PTSD), depression, anxiety, suicide, substance or alcohol abuse, aggressiveness and violence, and 
difficulties in interpersonal relationships and loss of social ties.60  

Severe weather 
Extreme weather disasters can lead to anxiety, depression, PTSD, and increased violence or suicide. For 
example, wildfires can cause long-term mental health impacts, such as PTSD, depression, and insomnia among 
firefighters.61 Children, evacuees, and those who experience property loss are also likely to experience long-
term mental health impacts. 62 Additionally, these stressors often disproportionately impact people who are 
economically or socially vulnerable.63 
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Extreme weather, even beyond our state borders, can pose disruptions and stressors on health care systems 
and supply chains in Minnesota. In 2024, climate change increased the severity of Hurricane Helene — the 
third deadliest hurricane of the modern era in the United States.64 The hurricane’s impact on Baxter 
International’s manufacturing facility in North Carolina created an ongoing intravenous fluid (IV) shortage, 
posing significant challenges to health care providers across the country, including Minnesota. The shortage 
forced Minnesota providers to implement conservation measures to preserve their IV fluid supplies. Some 
Minnesota facilities were forced to postpone non-emergency procedures.65  

Unequal burdens of climate change 

Children and climate change 
Climate change affects everyone, but its impacts are not experienced equally. Children today, and successive 
generations of children, will face more and compounding harms from increasing climate hazards over their 
lifetimes as compared to previous generations.66 Projections (based on a 3°C global warming pathway) show a 
10-year-old in 2024 could experience “twice as many wildfires and tropical cyclones, three times more river 
floods, four times more crop failures, five times more droughts, and 36 times more heat waves” in their 
lifetime than a child born in 1960.67 In short, children today — and future generations — stand to lose the 
most from climate change.  

Children are uniquely vulnerable to climate change. Their dependence on caregivers and their physiological 
differences increase their risk of adverse health impacts. Compared to adults, their skin is more permeable, 
and they breathe more air and drink more water per pound of body weight. Children are less able to recognize 
hazards, remove themselves from harm’s way, and communicate exposures.68  

Inadequate infrastructure and disruption of education 
Climate change poses health risks to children by way of school infrastructure and school closures, disrupting 
learning and straining resources in communities.69 Many school buildings were designed for cooler climates 
and lack adequate ventilation, filtration, or air conditioning. While data on Minnesota school infrastructure 
conditions are limited, an estimated 41% of districts nationwide need to update or replace heating, ventilation, 
and air conditioning (HVAC) systems in at least half of their schools.70  

Unplanned school closures due to extreme weather disrupt learning and strain resources in communities. June 
2021 marked the first time St. Paul Public schools closed and the second time that Minneapolis Public Schools 
closed buildings due to high heat. These school buildings were without air conditioning and reached 
temperatures in the 90s, with some classrooms reaching 97 degrees.71 As heat waves and temperatures 
increase, Minnesota’s children and families may face more school closures. Additionally, the poor condition of 
many school buildings poses health risks to children — compounded in a changing climate — because extreme 
weather events can release environmental contaminants in the air, water, ground, or walls of school 
buildings. 72 Increased heat is also shown to contribute to learning loss, even without building closures.73 
Updating school infrastructure and HVAC systems will be increasingly essential to protect children’s learning 
and health.  

Disruptions in access to nature and outdoor play 
Exploring, playing, and spending time in nature in childhood leads to better physical and mental health, 
improved performance in school, more positive self-image, stronger social skills, and more fulfilling lives.74, 75, 76 
However, climate change is posing risks to children’s access to the outdoors as wildfire smoke and heat waves 
make outdoor recreation unsafe and less available.  
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Overburdened communities and climate change 
People and communities do not experience climate change uniformly. Certain populations are more vulnerable 
due to a combination of factors that shape their ability to withstand and respond to climate-related hazards. 
Vulnerability is defined by three interrelated components: exposure, sensitivity, and adaptive capacity.77 
Communities already facing social and economic inequities often bear the greatest risks because these 
inequities heighten their exposure, sensitivity, and limit their capacity to adapt. Within the Climate Action 
Framework, groups experiencing disproportionate social, economic, and environmental burdens due to 
long-standing systemic inequities are referred to as overburdened communities. However, even within 
overburdened communities, individuals may experience climate-related risks differently depending on their 
specific circumstances. 

In general, people at greater risk of climate-change-related harms, due to increased exposure, sensitivity 
and/or adaptive capacity, include (but are not limited to) those who: 

• Are from historically marginalized groups, particularly those who are Black, Indigenous, Latine or 
Hispanic, Asian American, and people of color  

• Face high energy burdens, for whom household energy costs are 6% or more of annual household 
income  

• Are experiencing homelessness  
• Are older adults, infants, children, or teens  
• Are pregnant  
• Have a disability, access or functional needs, or are homebound  
• Are affected by chronic health conditions or other illnesses 
• Are immigrants or refugees 
• Are English language learners  
• Have lower incomes or are experiencing poverty  
• Live in manufactured homes or rental housing  
• Work outdoors (e.g., agricultural or construction workers)  
• Work indoors in non-cooled spaces (e.g., warehouse workers)  
• Are incarcerated or formerly incarcerated 
• Depend on the land for subsistence living, cultural practices, medicine, or income 
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Health benefits of climate change mitigation 
Climate change mitigation strategies can benefit human health in a variety of ways. Some strategies can 
improve environmental conditions or foster behavioral changes that have health benefits. For example, cutting 
fossil fuel combustion can reduce exposure to harmful air pollutants, and expanding safe and connected 
infrastructure for walking, biking, and rolling can encourage increased physical activity. Mitigation strategies 
may also benefit health by influencing economic and social conditions, such as by creating new jobs.  

This section examines the potential health benefits of eight categories of climate change mitigation strategies 
and then reviews how these strategies together — along with workforce development and actions to increase 
business resilience — can support economic security and opportunity, which in turn can positively impact 
health outcomes for Minnesotans. 

Due to the large number of action steps in the framework, this section does not cover every action nor identify 
all possible health outcomes. It focuses on major strategies in the framework for which large bodies of 
evidence demonstrate links to beneficial health outcomes. It also includes some strategies for which emerging 
research shows promising opportunities for protecting health. Many of these strategies and health outcomes 
were also identified as community priorities during the public engagement process that informed the 
framework. The following eight categories of major climate change mitigation strategies are included: 

• Clean transportation: travel options and zero-emission vehicle adoption 
• Climate-friendly food systems 
• Wetland and grassland protection and restoration 
• Forestland and tree canopy conservation, management, and expansion 
• Clean energy 
• Residential building electrification and efficiency 
• Industrial decarbonization 
• Circular economy 

For each category and for economic security and opportunity, this section examines how current systems 
impact health in Minnesota and the pathways by which the mitigation strategies connect to health. These are 
referred to as health pathways. Each category includes a diagram depicting a high-level overview of the health 
pathways (Figure 1). For most actions, the health pathways are longer, interrelated, and more complex than 
illustrated in the diagrams. Some actions can help reduce the risk of a very lengthy list of chronic 
diseases/illnesses. These diagrams provide a high-level overview to illustrate the connections to health, rather 
than a detailed, exhaustive list of all potential health outcomes and explanation of the complex linkages and 
multiple factors that influence health outcomes.  

Figure 1: Example of a health pathway diagram. 
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Clean transportation: travel options and zero-emission vehicle 
adoption 
Framework goals referenced: 1 and 2 

Transportation is the largest source of climate pollution in Minnesota, contributing to about 29% of the state’s 
net total GHG emissions.78 Goal 1: Clean Transportation in the framework includes two key initiatives to 
reduce GHG emissions that also protect public health.  

Initiative 1.1: Travel Options aims to reduce vehicle miles traveled (VMT) per capita by 20% by 2050 through 
multiple, interrelated multimodal transportation and land use strategies. These include active transportation 
network improvements, land use policies that encourage compact and multimodal oriented development, and 
expansion of transit service and shared mobility options. Additionally, action steps in Goal 2: Climate-Smart 
Natural and Working Lands include compact and efficient land use planning and development strategies to 
avoid conversion of natural and working lands, which are mutually supportive with travel option strategies. An 
extensive body of scientific literature, described below, shows these strategies improve health outcomes and 
save lives through multiple pathways: increased physical activity, reduced heat islands, improved traffic safety 
and air quality, reduced noise pollution, lower household transportation costs, improved air quality, and 
increased social inclusion and mobility.  

Initiative 1.2: Clean and Efficient Vehicles includes strategies to increase adoption of zero-emission light-, 
medium-, and heavy-duty vehicles and off-road vehicles across the state and sets a target to increase the 
proportion of zero-emission vehicles among all light-duty vehicles registered in Minnesota by 65% by 2040. 
Achieving this progress involves incentives, marketing, coordination, and expanding zero-emission vehicle 
charging infrastructure and accelerating the adoption of light-duty vehicles. Research demonstrates these 
strategies can benefit public health through two key pathways: improved air quality and reduced noise 
pollution. 

Figure 2 provides a high-level overview of some of the key clean transportation health pathways and examples 
of some of the potential health impacts, which are further described below. 
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Figure 2: High-level overview of clean transportation health pathways. 

 

 

Increased physical activity  
Transportation system design is a strong predictor of physical activity because car-oriented environments 
reduce walking and biking and increase sedentary behavior.79, 80 In Minnesota only about 30% of adults and 
28% of children ages 6-11 are sufficiently active, dropping to 20% in adolescence. Widespread inactivity is 
linked to major health risks including cardiovascular disease, type 2 diabetes, cancer, poor mental health, and 
increased mortality. 

Research shows that one of the greatest health benefits of shifting to active transportation modes (such as 
walking and biking) comes from physical activity.81 VMT reduction strategies increase travel options, including 
active transportation, that increase opportunities for physical activity. The Rocky Mountain Institute Smarter 
MODES Calculator V1.2 estimates that achieving Minnesota’s target to reduce VMT per capita by 20% by 2050 
will save more than 800 lives annually in Minnesota by increasing physical activity. The Smarter MODES 
Calculator, developed by the Rocky Mountain Institute, uses state-specific data to estimate the emissions 
reductions and co-benefits of various combinations of vehicle electrification and VMT reduction. See endnotes 
for links to the calculator82 and more information on methodology.83 
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Improved air quality 
In Minnesota, transportation sources contribute the largest portion of air pollutants that pose health risks —
42% statewide and 48% in the Twin Cities metro. Most of the pollution from transportation is from combustion 
of gasoline or diesel fuel. Dust from brake pads and rubber from tires also contribute to air pollution.84 Air 
pollutants from motor vehicle emissions include NOx, PM2.5, and VOCs, all of which have well-documented 
consequences for respiratory and cardiovascular health. 85 Higher exposure to air pollution contributes to 
elevated rates of asthma, cardiovascular disease, mental health impacts, and premature death. 86, 87, 88 

Reducing the amount of fossil fuels burned for transportation through VMT reduction and increasing the 
proportion of zero-emission vehicles reduces localized air pollution, contributing to improved air quality. 
Improved air quality is linked to improved respiratory and cardiovascular health, and reduced asthma rates 
and hospital admissions.89, 90, 91 If school bus electrification is included, research shows benefits for children can 
include reductions in hospital admissions and emergency department visits, improved cognitive functioning 
and gains in academic performance.92, 93, 94 

Reduced heat islands 
Heat islands are areas that experience higher temperatures than outlying areas because structures such as 
buildings and roads absorb and re-emit the sun’s heat more than natural landscapes such as forests, 
grasslands, and water bodies. 95, 96 As a result, daytime temperatures in urban areas in the United States are 
often about 1-7°F higher than temperatures in outlying areas, and nighttime temperatures are about 2-5°F 
higher. 97 Heat islands are also known as “urban heat islands.” However, rural areas also experience heat 
islands.  

Heat island intensity is distributed unevenly and inequitably. Practices such as redlining have contributed to 
this inequitable distribution. Redlining refers to a banking practice that restricted loans for properties in 
racially mixed and predominantly Black neighborhoods, leading to lack of access to credit, reduced home 
ownership, and lower home values. A study comparing 108 urban areas across the United States on selected 
sunny days between 2014 and 2017, found that former redlined neighborhoods were 5°F hotter on 
average than other parts of the same city. The disparity was even more pronounced in Minneapolis, where the 
surface temperature difference was nearly 11°F between redlined districts and non-redlined districts.98  

Car-oriented environments contribute to heat islands, where paved surfaces and vehicle emissions raise 
temperatures. High temperatures accelerate the chemical reactions with VOCs that in turn can increase 
ground-level ozone, further worsening air quality.99  

Heat islands amplify heat exposure during the day and inhibit the body’s ability to recover at night, elevating 
the health risks from heat.100 These risks include dehydration; heat exhaustion; and heat stroke; and 
exacerbating existing medical conditions, like cardiovascular and cerebrovascular disease, diabetes, chronic 
obstructive pulmonary disease, pneumonia and asthma, and increased mortality.  

Compact and multimodal-oriented development presents opportunities to align density, mobility, and 
greening to help mitigate heat islands. This form of design reduces motorized transportation — a heat source 
— while creating opportunities and space to integrate green infrastructure and reduce paved surfaces,101 
lowering health risks associated with extreme heat and air pollution. 
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Improved traffic safety  
Traffic crash injuries and fatalities are an acute health consequence of our transportation system, and 
pedestrians and cyclists face a disproportionate risk. Action to address traffic injuries and fatalities is becoming 
increasingly urgent as traffic fatalities increased by 25% from 2010 through 2021 across the country, and 
pedestrian and cycling fatalities from vehicle collisions increased by 77%.102 In 2023, the most recent year for 
which an annual report from the Minnesota Department of Public Safety was available, 402 people lost their 
lives in traffic crashes and 23,771 more were injured. Translated into economic terms, traffic crashes in 2023 
resulted in the equivalent of nearly $2.4 billion in economic loss from fatalities, injuries, and property 
damage.103 Data for 2024 show an increase in deaths — 475 people died in traffic crashes — and 23,753 
injuries.104 

Goal 1 includes a set of action steps to make nonmotorized transportation safe and attractive for all and sets a 
target to eliminate traffic deaths and serious injuries among nonmotorized users. The Rocky Mountain 
Institute Smarter MODES Calculator V1.2 indicates that achieving the VMT reduction target could prevent 
nearly 1,500 injuries and could save nearly 100 lives annually 105 through fewer traffic crashes based on 
research that shows increasing the proportion of people who walk and bike improves traffic safety.106, 107, 108  

Reduced noise pollution 
In urban areas, motor vehicles are the largest source of noise pollution.109, 110 Road traffic noise pollution can 
contribute to sleep disturbance,111 cardiovascular disease, metabolic dysregulation, high blood pressure, 
tinnitus (ringing in the ear), hearing loss, stress, anxiety, cognitive impairment, neurodegenerative disorders, 
and sleep disturbance. Long-term exposure to noise-induced stress can cause chronic inflammation and 
oxidative stress which plays a role in noise-induced vascular dysfunction, circadian rhythm disruption, 
neuroinflammation, accelerated aging, and microbiome changes.112  

VMT reduction decreases the source of traffic-generated noise. Increasing the proportion of zero-emission 
vehicles can also reduce traffic-generated noise, because electric motors are quieter than internal combustion 
engines, especially at lower speeds. Together these climate pollution reduction strategies can reduce the 
negative health impacts associated with traffic generated noise.113 

Lower household transportation costs  
For low-income households in car-dependent neighborhoods where owning a car is necessary for mobility, the 
costs of owning and maintaining a car can substantially reduce household disposable income. Lower household 
disposable income is a strong predictor of poor health. 114 

On average, achieving a 20% VMT reduction per capita could save Minnesota households an average of nearly 
$1,500 annually from decreased fuel, parking, maintenance, and depreciation costs.115 Lower transportation 
costs can improve financial and housing stability for low-income households, which are critical for physical and 
mental health outcomes, including increased life expectancy. 
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Increased social inclusion and mobility 
Social inclusion, connection, and mobility are often overlooked but critical contributors to health. While each 
communities’ needs and barriers are distinct, auto-oriented environments in both the metro and Greater 
Minnesota are shown in the research to contribute to social isolation and loneliness as well as inequities in 
access to destinations.116, 117, 118 In auto-oriented environments, long distances, high travel costs, physical 
barriers, such as highways, limited public transportation, and dependence on private vehicles can increase 
social isolation and make it more difficult for people to access health care, employment, community activities, 
and social support, particularly for people with low incomes, older adults, and people with disabilities.119, 120 In 
Minnesota, 25% of people are not licensed drivers for many reasons — including age, ability, income, and 
personal choice121 — yet many communities are designed to prioritize private vehicle transportation. 

Isolation is a public health concern as it increases risks for cardiovascular disease, cognitive deterioration, 
mortality, depression, psychosis, suicidal ideation, and dementia. These health issues can affect people’s 
coping ability during emergencies, which are more common because of climate change. 122, 123 For example, 
isolated older adults are more at risk during extreme heat events.124 Social isolation and loneliness are 
pervasive across the population, but it is especially significant and complex for people who are marginalized 
because of race, poverty, geography, sexual orientation and identity, and immigration status. In Minnesota, an 
estimated one-third of adults feel lonely sometimes, usually, or always.125 Low-income, people of color, 
elderly, and disabled populations often have lower access to cars and public transit, resulting in lower travel 
frequency and limited access to jobs, education, and health care. People facing transportation disadvantages 
reported the lowest well-being scores.126 

Actions to increase travel options — such as expanding transit service and shared mobility options and 
shortening trip distances through compact and multimodal-oriented development — are opportunities to 
increase mobility, reduce risks of isolation and loneliness, and strengthen social connections. Research 
indicates a significant association between increased mobility and reduced risk of social exclusion. 127 For 
example, promoting public transport options can increase social networking and reduce loneliness in older 
adults,128 and improved transportation access can support social connectedness and better health outcomes 
for people with disabilities.129 Better social connections are linked to improved mental health and cognitive 
function130 and social connection is vital for climate resilience.131  

Equity discussion 
Transportation systems and policies in Minnesota have historically underserved and harmed Black, Indigenous, 
low-income, and other marginalized communities. Historic redlining practices contributed to segregating 
communities by race, and the subsequent placement of freeways in Black neighborhoods has contributed to 
exposing historically-underserved communities to more pollution and limiting their full access to 
transportation benefits.132, 133 As a result, these communities continue to face disproportionate exposure to 
traffic-related risks, including higher rates of air and noise pollution, traffic injuries and fatalities, and heat 
islands. 134, 135, 136 For example, a 2020 study by the Minnesota Pollution Control Agency found that traffic-
related air pollution in environmental justice areas is 54% higher than the Minnesota average. Moreover, this 
analysis showed that in environmental justice areas with at least 40% residents of color, traffic pollution is 
145% higher than the Minnesota average.137 As noted above, higher exposure to air pollution contributes to 
elevated rates of asthma, cardiovascular disease, mental health impacts, and premature death.138, 139, 140 
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The framework defines transportation equity as fair and just benefits, burdens, services and spending in 
transportation systems, as well as ensuring over-burdened communities have influence in decision-making. 
Travel options strategies help advance transportation equity because they can improve the health benefits of 
transportation through improved mobility, social connections, access to destinations and economic 
opportunities, increased disposable income, and minimize the disproportionate health harms from air 
pollution, traffic crashes, and noise for overburdened communities. 

Climate-friendly food systems 
Framework goals referenced: 2, 5, and 6 

Minnesota’s second-largest source of climate pollution is the agriculture sector, accounting for about 25% of 
the state’s net GHG emissions.141 To reduce climate pollution in Minnesota’s agriculture sector, Goal 2: 
Climate-Smart Natural and Working Lands calls for expanding healthy farmland practices, strengthening local 
food economies, and reducing food waste. Goal 6: Clean Economy outlines strategies to reduce food waste 
from businesses, households, and institutions. Action steps to reduce food insecurity in Goal 5: Healthy Lives 
and Communities support these strategies. Together, these food system decarbonization strategies can 
protect public health through strengthened food security, increased long-term financial stability, and reduced 
nitrate contamination.  

Figure 3 illustrates a high-level overview of some of the health pathways related to food systems mitigation 
actions and examples of some of the potential health impacts, which are further described below. The figure is 
simplified to demonstrate the connections to health, but, as with most mitigation actions and pathways, the 
relationships are more complex, interrelated and nonlinear; for example, some healthy farmland practices and 
increased farmer financial stability can also contribute to strengthening local food economies. 

Environmental justice areas 
Minnesota statute defines environmental justice areas as census tracts in which at least 40 percent of the 
population is “nonwhite;” at least 35 percent of households have income at or below 200 percent of the 
federal poverty level; at least 40 percent of the population over the age of five has limited proficiency in 
English; or which are located within Indian Country, which is defined as federally recognized reservations 
and other Indigenous lands. Census tracts need to meet only one of these criteria to be considered an 
environmental justice area. 
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Figure 3: High-level overview of food systems health pathways. 

 
 

Reduced nitrate contamination  
Most Minnesota households have access to safe drinking water. However, in areas vulnerable to groundwater 
contamination, some public and private wells have nitrate levels that exceed the Health Risk Limit for 
nitrate.142 A Health Risk Limit is the concentration of a chemical in drinking water that, based on the current 
level of scientific understanding, is likely to pose little or no health risk to humans, including vulnerable 
subpopulations. While elevated levels of nitrate in groundwater can result from several factors, more than 
70% of the nitrate in Minnesota waters comes from cropland.143 

Nitrate contamination in drinking water poses risks to human health, including methemoglobinemia (“blue 
baby syndrome”), which can result in serious illness or death.144 Emerging research suggests long-term 
exposure to nitrate in drinking water at concentrations below the current regulatory standard may increase 
risks of thyroid problems, adverse pregnancy outcomes, and colorectal cancer.145 Continued research will be 
important for clarifying the nature and severity of these risks.146 Nitrate contamination mitigation is costly for 
small public water systems and households relying on private wells. 

Healthy farmland practices in the framework such as cover crops, conservation tillage, diverse crop rotations, 
and perennial buffers can reduce fertilizer runoff, improve soil health, and protect water quality. These 
practices can lower nitrate contamination in water, which would lower health risks associated with nitrate 
contaminated drinking water and reduce water treatment costs.  
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Increased long-term financial stability for farmers 
Multiple indicators show farmers are facing extreme economic strain due to declining profitability, climate 
variability, and market uncertainties,147, 148 which contributes to stress and mental health challenges for farm 
families.149 Farm profitability in Minnesota has declined markedly since 2022, putting many farmers under 
financial strain.150 In 2021, one of the worst droughts in recent memory resulted in nearly 3,000 applications 
for the Agricultural Drought Relief Program, requesting assistance for a total of $19 million in eligible 
expenses.151 In 2024, Minnesota farmers faced another difficult year and even greater financial difficulty. 
Median net farm income for Minnesota farms declined to $21,964 and net farm income for crop producers 
was nearly $0.152 From 2024 to 2025, bankruptcies in Minnesota increased 300% for farm families that earn 
the majority of their income from farming. Farm bankruptcy filings are a lagging indicator that spike when 
extended financial pressures leave farms with few remaining options.153 

Climate change is expected to worsen economic pressures through more extreme weather and crop 
production risks. Without action, annual crop productivity losses in Minnesota could reach $3.1 billion annually 
by the end of the century under a high emissions scenario. These costs are primarily borne by farmers 
(individuals and corporations), mostly in rural areas.154 

Healthy farmland practices can reduce phosphorous and nitrate leaching, prevent soil loss, build resilience to 
flooding and drought,155, 156 and can increase farm profitability in some cases.157 Many Minnesota farmers 
already implement climate-smart land management practices. Supporting more farmers in their transition to 
climate-smart agricultural practices can increase financial stability and strengthen local economies in rural 
communities, ultimately leading to improved farm profitability and mental health outcomes.  

Strengthened food security 
An estimated 9% of Minnesota households experience food insecurity,158 defined as “the limited or uncertain 
availability of nutritionally adequate and safe foods, or limited or uncertain ability to acquire acceptable foods 
in socially acceptable ways.” 159 A large body of research demonstrates food insecurity is associated with a wide 
array of negative health outcomes such as cardiovascular disease, type 2 diabetes, adverse mental health 
outcomes in adults160, 161 and cognitive problems, birth defects, asthma, and anemia in children.162 Climate 
change further threatens food system stability, increasing risks of food insecurity globally.163 

Climate change will continue to impact crop yields in Minnesota164 and pose an accelerating threat to global 
food security.165 In addition to reducing GHG emissions, healthy farmland practices help build resilience to 
climate impacts, making farms better able to withstand drought, flooding, and other extreme weather while 
stabilizing crop yields. Practices that improve soil health increase the soil's ability to retain water during 
droughts and absorb excess rainfall during heavy precipitation. Diversified crop rotations can also reduce the 
need for fertilizers and pesticides, lower pest and disease pressures, and increase production of crops for 
direct human consumption rather than those primarily used for livestock feed and biofuels.166  
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The framework incorporates many actions to strengthen local food economies. For example, Initiative 2.5: 
Enhanced Investments in Emerging Crops, Products, and Local Economies includes a suite of many action steps 
such as market development and integrating perennial crops, small grains, legumes, and other climate-
beneficial crops into farm-to-institution programs. Healthy farmland practices and more resilient and 
profitable farms can also play a role by contributing to strengthening local economies and food systems. 
Supporting local food markets and regional food systems can strengthen Minnesota's food security in a 
changing climate by diversifying food sources, shortening supply chains, and creating more reliable markets for 
local farmers, making communities less vulnerable to disruptions from extreme weather and other shocks. 
Some research suggests that localized and diversified food systems are generally more resilient to climate-
related disruptions because they rely on a broader network of producers, markets, and distribution channels 
rather than a few centralized supply chains.167 Investments in local food infrastructure can play a role in 
supporting the resilience of producers and communities.168 Context-specific analysis is needed to identify the 
benefits of specific programs. Outcomes vary depending on multiple factors such as product, supply chain, and 
scale. 169, 170 

Initiative 6.3: Strong Circular Economy in Goal 6 includes action steps to prevent wasted food, including 
preventing waste from businesses and organizations that throw away large quantities of food, by offering 
incentives for food donation and rescue, providing technical assistance to improve food management 
practices, and requiring annual tracking and reporting. Efforts to distribute extra food to food shelves and 
other organizations can improve food security for food-insecure households, which is linked to a wide range of 
health benefits. Reducing wasted food can also reduce costs for households, businesses, and organizations. 
Together, these strategies can help strengthen food security.  

Equity discussion 
Food insecurity disproportionately affects low-income households and historically oppressed communities, 
while groundwater contamination places greater burdens on residents in Greater Minnesota and those relying 
on private wells. Tribal communities face additional challenges due to reduced access to traditional foods and 
ongoing threats to food sovereignty, which is linked to declines in overall health and food security.171, 172 At the 
same time, farmers, especially small and mid-sized producers, experience financial instability and limited 
access to resources needed to adapt to climate change. 

Climate action strategies offer significant opportunities to advance equity by improving access to healthy, 
affordable, and culturally appropriate foods, while reducing environmental health risks. Investments in 
climate-smart agriculture can lower pollution burdens, reduce water treatment costs, and support more 
resilient rural economies. Strengthening local food systems and advancing Tribal food sovereignty initiatives 
empowers communities, supports self-determination, and promotes culturally relevant food access. By 
prioritizing community-led solutions and inclusive participation, these strategies help ensure that the benefits 
of a more resilient food system are shared equitably by all Minnesotans. 
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Wetlands and grasslands protection and restoration 
Framework goal referenced: 2 

Wetlands and grasslands perform valuable functions in mitigating the effects of climate change while 
simultaneously benefiting public health by maintaining water quality and ecosystems that support culturally 
important plants and wildlife species. For example, prairie pothole wetlands, which are common in western 
Minnesota, support more than half of North America’s migratory waterfowl and provide recreational 
opportunities for hunters and birders. Wetland and grassland habitats absorb, slow, and filter rainwater and 
snowmelt, reduce downstream flooding, and contribute clean water to our aquifers, lakes, and rivers, 
sustaining plants such as wild rice,173 which is important for wildlife and as a traditional food source. 

A peatland is a type of wetland where constantly saturated conditions lead to a build-up of plant materials 
over time, forming deep organic soils that effectively store carbon. Minnesota has more peatlands — nearly 7 
million acres, and more than 10% of the state's land area — than any other state outside Alaska. However, 
significant drainage and tillage of peatlands for crop production in the 20th century has made drained 
peatlands the largest source of carbon dioxide emissions in the agriculture sector.174 

Goal 2 of the framework includes coordinated action steps to protect, restore and manage Minnesota’s 
wetlands and grasslands. These strategies not only reduce carbon dioxide and nitrous oxide emissions but 
increase carbon sequestration and storage and protect health by protecting natural hydrology, filtering 
pollutants, reducing fire risk, and preserving hunting, gathering, and fishing for all Minnesotans as well as 
Tribal communities’ food sovereignty, treaty rights, and cultural health. As part of the Minnesota Climate 
Smart-Food Systems initiative, state, Tribal, and local governments and private landowners are working 
together to restore over 10,000 acres of peatlands. 

Figure 4 provides a high-level overview of some of the health pathways related to wetlands and grasslands 
restoration and protection and examples of some of the potential health impacts, which are further described 
below. Note that while peatlands are a type of wetland, the diagram calls out the unique role of peatland 
restoration and protection in helping to reduce the risk of wildfires and wildfire smoke.  

Figure 4: High-level overview of wetland and grassland health pathways. 
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Protected water quality and reduced flooding 
Wetlands and grasslands play a critical role in protecting water quality by filtering pollutants, such as nitrate, 
and sediment out of water and lessening the threat of floods by storing water during snowmelt and 
rainstorms.175 Studies have shown that watersheds with more intact wetlands and grasslands are less prone to 
flooding. When wetlands are drained, however, they lose their natural capacity to store and filter surface 
water and to recharge groundwater, resulting in degraded water quality and increased downstream flooding 
risks.176 Grasslands that are converted to row crop agriculture or urban development lose most of their ability 
to capture rainfall and snowmelt and filter water from harmful pollutants. 177 Restoring grasslands, peatlands 
and other wetlands, typically by blocking ditches and removing drain tiles, can improve their capacity to store 
and filter water, reducing flood risks and enhancing water quality.178, 179 These water quality and flood 
mitigation benefits help protect drinking and recreational waters, thereby reducing the risks of exposure to 
contaminants and waterborne pathogens.   

Protected hunting, fishing, and gathering 
Drainage and conversion of wetlands and grasslands threaten ecosystems that support hunting, fishing, and 
gathering. Grasslands and wetlands provide essential habitat for fish, waterfowl, and other wildlife, while 
supporting wild rice and other culturally and ecologically important resources that sustain communities across 
Minnesota, including Tribal Nations and the 1854 Ceded Territory.180 Specifically for Tribal communities, the 
degradation of wetlands and grasslands threatens their ability to exercise their treaty rights to hunt, fish, and 
gather in ceded lands and waters. Climate change further disrupts these ecosystems, reducing access to fish, 
game, and gathered foods and medicinal plants and affecting the quality and abundance of these natural 
resources. 

Exercise from hunting, fishing, and gathering can support a healthy lifestyle and potentially reduce health 
impacts associated with physical inactivity. Additionally, game, fish, and wild rice are healthy food sources, 
with less fat and more nutrients than highly-processed foods, which can help reduce the risk of chronic 
diseases associated with a poor diet.181, 182, 183 The loss of wetland and grassland landscapes impact food 
security, cultural practices, recreation, local economies, and the health of everyone who participates in 
hunting, fishing, and gathering and those that depend on or supplement their diet with culturally significant 
foods.  

Reduced wildfire risk and wildfire smoke exposure 
As climate change increases the frequency and strength of wildfires, peatlands are at a greater risk of burning, 
due to their carbon-rich content. Drained peatlands can fuel intensely hot wildfires and enable them to 
smolder for weeks or even months at a time.184 The 2021 Greenwood Fire in northern Minnesota, which 
burned nearly 27,000 acres and up to several feet of peat in some areas, became a worrying sign of peatland 
vulnerability to wildfires.185 As noted earlier in the document, wildfires release harmful smoke and air 
pollutants that are dangerous to health with short and long-term risks. 

Rewetting peatlands reduces fire risk and the corresponding risks associated with wildfire smoke exposure 
across the state. The public health protection benefits extend well beyond the areas surrounding peatlands to 
all corners of the state where wildfire smoke exposure is an increasing risk.  
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Equity discussion 
Wetland and grassland restoration and protection provide important equity benefits by reducing 
environmental health risks from poor water quality and flooding and by sustaining healthy ecosystems that 
support culturally important foods and lifeways. These actions help sustain Tribal treaty rights, harvesting 
traditions, spiritual relationships, ceremonies, language, and stories, which strengthen American Indian 
communities’ social cohesion, food security, economic resilience, and mental and physical health.186, 187  

Forestland and tree canopy conservation, management, and 
expansion 
Framework goals referenced: 2 and 3 

Minnesota’s forests provide multiple benefits including wildlife habitat, recreation, water quality, timber and 
other forest products, and scenic beauty. They also sequester significant amounts of carbon dioxide each year, 
equal to about 15% of total annual statewide emissions. 188 Continued regrowth and sustainable timber 
harvesting practices have been critical to reestablishing Minnesota’s forest carbon sink following the decades 
of widespread forest clearing for agriculture and unsustainable forest management practices during the late 
19th century and early 20th century.189, 190 

Building on this success, the framework outlines multiple actions to conserve, manage and expand forestland 
and tree canopy. Goal 2 of the framework includes action steps to maintain, expand, and actively manage 
forestlands, including accelerating tree planting to expand forest cover where ecologically appropriate and 
avoiding conversion of forestland to other uses. It also includes an action step to plant, seed, or promote tree 
species expected to do well under projected future climate conditions. Goal 3: Resilient Communities includes 
multiple action steps to advance community forestry with a target to achieve 30% tree canopy coverage by 
2030 and 40% by 2050 in all Minnesota communities. Together these actions increase carbon sequestration 
while delivering significant co-benefits for public health.  

Figure 5 illustrates a high-level overview of some of the key health pathways related to forestland and tree 
canopy conservation, management and expansion and examples of potential health impacts associated with 
these pathways, which are further described below. 



2026 Minnesota Climate Action Framework — Public health 23 

Figure 5: High-level overview of health pathways associated with forestland and tree canopy conservation, 
management, and expansion. 

 

Reduced heat island effects 
As noted above under the clean transportation section, heat islands amplify heat exposure during the day and 
inhibit the body’s ability to recover at night, elevating the health risks from heat.191 Actions to expand tree 
canopy and community forests reduce surface and air temperatures, helping prevent heat-related illnesses 
and deaths.192 Trees provide shade and cooling, improving thermal comfort, lowering heat exposure, and 
supporting safer living conditions during extreme heat events. Forests provide a substantial adaptive cooling 
benefit and can help with adaptation to rising temperatures by cooling surface and air temperatures over large 
areas, including nearby communities. The amount and geographic extent of this cooling effect depend on 
multiple factors such as solar radiation, season, and time of day. For example, a study in China found forests 
provide a cooling effect of up to 8.4°C compared to urban reference sites and cool air from forests can extend 
over a half mile into nearby built-up areas.193 Another study found that forests in the eastern United States 
have cooling effects up to 5°C and locations surrounded by reforestation were up to 1°C cooler as compared to 
neighboring locations that did not undergo reforestation. 194  

Reduced energy burden 
Energy burden refers to the financial strain of spending a large share of household income on energy bills. 
Energy insecurity is the inability to maintain safe and adequate heating, cooling, and electricity services. When 
households have high energy burden, they are more likely to face energy insecurity and be unable to maintain 
a safe temperature in their homes. Both are expected to increase as rising temperatures drive higher cooling 
costs.  
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Minnesotans must be able to efficiently and affordably maintain safe indoor air quality and temperatures in 
their homes. However, the U.S. Census Household Pulse Survey conducted in March 2024 indicates this is a 
challenge for many Minnesotans, with an estimated 1 in 5 Minnesota households unable to pay energy bills in 
full. 195 Warmer temperatures and increased humidity in Minnesota mean a growing demand for cooling 
energy. On average there were 40 more cooling degree days196 per year in 1960-2023 than in 1895-1959 in the 
state.197 This places more energy burden and risk of energy insecurity on households, especially those already 
struggling to pay their energy bills. 

Energy insecurity is associated with acute and chronic health implications including asthma, poor sleep, and 
mental health impacts. When households experience energy insecurity they are more likely to reduce or forgo 
food or medicine, take financial risks, and engage in unsafe coping strategies to pay their energy bills and avoid 
utility disconnection.198 Energy insecurity is associated with a higher likelihood of respiratory illness, 
cardiovascular illness, and mental illness,199 as well as a greater risk of premature death.200 Children in 
households experiencing energy insecurity are more likely to face food insecurity, hospitalization, reported 
poor health, and developmental risks.201 

Strategies described in the framework for increasing tree canopy and forest cover play an important role in 
reducing household energy burden and ultimately protecting public health. Trees reduce energy demand by 
shading buildings in summer and blocking wind in winter, lowering cooling and heating costs.202, 203 In 
Minnesota, strategically placed shade trees can reduce air conditioning bills by nearly 25%. Trees throughout 
the community (community forests) can help keep Minnesotans cool in the summer and sheltered from harsh 
winds in the winter.204 This helps make homes more affordable to keep at safe temperatures, reducing heat-
related health risks and energy burden. 

Improved air quality 
Air pollution contributes to respiratory conditions such as asthma and chronic obstructive pulmonary disease 
(COPD), as well as cardiovascular disease. Trees filter air pollutants, which can improve air quality and reduce 
respiratory and cardiovascular health risks.205, 206 

The role of forests and trees in improving air quality is especially important in dense urbanized areas with air 
quality issues. Communities with limited green space often experience worse air quality. Increased canopy 
cover is associated with lower asthma rates and overall improved respiratory health.207 

One of the many objectives of sustainable forestry is to reduce the risk of wildfire. As mentioned above, smoke 
from wildfires pollutes the air, making it harmful to breathe and impacting health. Prescribed fire is a 
multifaceted land management tool that can help improve forest health and reduce wildfire risk,208 thus 
protecting air quality and public health and safety. While this tool generates smoke, projects can be designed 
to minimize negative impacts to public health.209  
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Protected water quality 
Retaining and managing forests is one of the best ways to protect water quality. Trees and understory plants 
slow down and guide rain as it falls to the ground. This umbrella effect prevents soil from washing away into 
lakes and streams, while letting water seep deep to replenish groundwater in aquifers. In forests, numerous 
pore spaces in soils trap sediment, nutrients, and pollutants suspended in rainwater. This filter effect helps 
prevent contaminants from entering ground and surface waters. The pore spaces that filter contaminants also 
soak up and store rainwater and snowmelt like a big sponge. Over time, the forest soil slowly releases water 
and helps keep soil in place, reducing flooding and erosion. Urban trees are also important because they 
decrease water entering storm sewers by capturing rain, increasing flow of water into the soil, and transpiring 
water into the air.210 This is important because 75% of Minnesotans get their drinking water from the forested 
parts of the state.211 A 10% increase in forests in a watershed results in a 20% decrease in treatment and 
chemical costs downstream.212 Clean drinking and recreational waters help prevent disease, reduce exposure 
to contaminants, and support healthier communities. 

Increased social connection and physical activity 
Lack of access to green space is associated with higher stress, poorer mental health outcomes, and reduced 
opportunities for social interaction and physical activity. Tree canopy cover can benefit both mental and 
physical health and encourage outdoor physical recreation and active transportation such as biking and 
walking.213, 214 Being near trees is linked to improved social cohesion, reduced stress, and improved mental 
health.215, 216, 217, 218 More tree canopy coverage is linked to increased physical activity, reduced obesity rates, 
reduced traffic speeds, and reduced neighborhood crime.219, 220 The amount and proximity of neighborhood 
green space are associated with self-reported rates of depression, anxiety, and stress.221 Individuals living in 
areas with low vegetation cover (around 10%) have significantly higher odds of experiencing mild or worse 
depression and anxiety, while mental health outcomes improve as vegetation increases, with notable benefits 
emerging at approximately 20-30% coverage.222 

Equity discussion 
Historical racial segregation, discriminatory policies, and long-term disinvestment have resulted in significant 
disparities in tree canopy and green space across Minnesota communities. Neighborhoods with lower incomes 
and higher proportions of residents of color often have fewer trees, higher temperatures, poorer air quality, 
and greater exposure to climate risks.223, 224, 225 These inequities contribute to higher rates of heat-related 
illness, asthma, energy burden, and reduced access to the physical and mental health benefits of green space. 
Renters, multifamily households, and residents in top-floor units are especially vulnerable to extreme heat and 
have limited cooling access. 226 

Targeted investments in community forestry and tree planting in environmental justice areas may reduce 
health disparities by lowering temperatures, improving air quality, and decreasing energy costs for those most 
at risk. Expanding equitable access to green space can support physical and mental health, community safety 
and cohesion, and more livable neighborhoods. Community-led planning and implementation can promote 
self-determination, workforce development, and economic opportunities.  
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Clean energy 
Framework goal referenced: 4 

Electricity generation accounts for 20% of annual net total GHG emissions in Minnesota, mostly from coal and 
natural gas. This includes emissions from electricity generated both in state and out of state for Minnesotans. 
From 2005 to 2022, Minnesota cut GHG emissions in the electricity generation sector in half mainly by 
transitioning away from coal toward renewable energy. Renewable sources produced 32% of Minnesota-
generated electricity in 2022.227 Minnesota's Clean Electricity Standard became state law in 2023 and requires 
electric utilities to provide 100% carbon-free electricity by 2040. Goal 4: Clean Energy outlines strategies to 
implement this law and sets a course for long-term sustainable clean energy in the state. As part of the clean 
energy transition, Goals 3, 4 and 7 (Efficient and Resilient Buildings) include multiple strategies to reduce the 
risk of power outages, enhance system flexibility during extreme weather, and ensure access to reliable 
energy, which can help protect health through improved air quality and decreased mercury in lakes and rivers.  

Figure 6 depicts a high-level overview of some of the key health pathways related to clean energy and 
examples of potential health outcomes associated with these pathways, which are further described below. 

Figure 6: High-level overview of clean energy health pathways. 
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Improved air quality 
In Minnesota, electricity generated from fossil fuels contributes to air pollution that harms human health. 
Exposure to PM2.5 and ground-level ozone contributes to premature death, asthma attacks, respiratory 
disease, cardiovascular disease, and hospitalizations, even at pollution levels that meet federal air quality 
standards.228 Communities located near heavy industry and fossil fuel infrastructure often experience greater 
exposure and disproportionate health burdens, particularly low-income communities and Black, Indigenous, 
and other communities of color. 

Transitioning Minnesota’s energy sector away from fossil fuels toward renewable and carbon-free electricity 
would reduce emissions of PM2.5, ozone precursors, mercury, and other toxic pollutants, producing substantial 
public health benefits. Cleaner electricity would lower rates of asthma attacks, respiratory illness, 
cardiovascular disease, hospitalizations, and premature deaths associated with air pollution exposure.229  

Reduced methylmercury exposure 
Mercury released into the air from coal-fired power plants can transform into methylmercury in lakes and 
rivers, bioaccumulate in fish, and expose humans through fish consumption.230 Climate change may further 
exacerbate mercury cycling and bioaccumulation.231 When people eat fish with higher methylmercury on a 
regular basis, mercury concentrations can become high enough to pose a risk to their health. Exposure to 
methylmercury can damage the central nervous system, kidneys, and liver, with heightened risks for fetuses 
and children, including lasting problems with learning and development.232 Fetuses are exposed to mercury 
through their mothers’ blood, which passes through the placenta. Developing fetuses are most at risk because 
small amounts of mercury can damage the developing brain and nervous system. Mercury exposure can affect 
a child's learning abilities, memory, and attention, and lead to learning problems later in life. 233  

State regulations and national standards for mercury and air toxics emissions from coal-fired utility boilers 
have resulted in significant reductions of mercury emissions in Minnesota. In 2006, Minnesota passed the 
Mercury Emissions Reduction Act (MERA), which set a schedule for coal-fired utility boilers in the state to 
reduce mercury emissions by 90% compared to 2005 levels. As of 2015, all Minnesota utilities had achieved 
this reduction. Minnesota’s emissions inventory data show that electric utilities emitted approximately 118 
pounds of mercury in 2023. This is an increase from 2021’s 105 pounds of mercury emissions, but in line with 
emissions from 2022 (121 pounds).234 

Utilities continue to reduce their reliance on coal-fired plants in Minnesota as they shift to renewable energy. 
Mercury emissions will be further reduced as Xcel Energy retires its coal-fired power plants by 2030 and when 
Minnesota Power stops using coal by 2035.235 These retirements will help lessen mercury contamination in 
lakes, reducing the risk of health harms associated with eating mercury-contaminated fish.  

Strengthened food security  
A large body of research demonstrates food security is critical for health. Food insecurity is associated with a 
wide array of negative health outcomes such as cardiovascular disease, type 2 diabetes, and adverse mental 
health outcomes in adults236, 237 and cognitive problems, birth defects, asthma, and anemia in children.238 

Fish is a beneficial and integral part of cultures and diets in many communities in Minnesota. For communities 
that rely on fish for subsistence and cultural practices, lowering methylmercury contamination can support 
safer fish consumption and, in turn, support food security and nutrition for these communities. 
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Reduced risk of power outages during extreme weather  
While Minnesotans are accustomed to short-term electricity disruptions due to weather events, the risks to 
the grid are evolving due to several factors affected by climate change’s impact on the number and severity of 
extreme weather events.239 At the national level, most electrical grid failures occur during the summer months 
when the demand for electricity is maximized, which can have public health implications due to extreme heat 
and the inability to cool off using air conditioning or fans. A recent study showed that the concurrence of 
multiday electrical grid failures with heat wave events in the United States increases heat-related mortality, 
emergency department visits, and other heat-related morbidities.240, 241  

Electrical grid failures pose additional health risks. For example, loss of refrigeration can result in loss of 
medications that require refrigeration, as well as jeopardize the safety of food.242 Additionally, during 
engagement on the framework, participants highlighted how power disruptions and voltage fluctuations can 
damage household appliances and electronics, leading to unexpected repair or replacement costs. These 
expenses can create additional economic hardship for households already facing higher energy burdens or 
limited financial resources.  

Grid modernization and resilience strategies help improve system reliability, reduce strain on the grid, and 
enhance the ability to meet peak demand, reducing the likelihood of widespread disruptions. This ensures 
continued access to cooling during extreme heat, protecting against heat-related illness and death, supporting 
food safety and preventing food loss, and continued refrigeration for medications that require refrigeration, 
which is especially critical for medically vulnerable individuals. 

Equity discussion 
Existing inequities in housing, infrastructure, and access to resources leave some communities more 
vulnerable to grid disruptions and their health impacts. Low-income households, renters, and communities of 
color are less likely to have access to backup power, energy-efficient housing, or resources to cope with 
outages. These communities are also more likely to experience higher energy burdens and limited access to 
cooling, increasing vulnerability to extreme heat and related health risks. Historical disinvestment and 
structural inequities have compounded these challenges, leading to disproportionate exposure to energy 
insecurity and climate-related hazards. 

Grid reliability and resilience strategies can improve access to reliable, affordable, and resilient energy 
systems. Expanding distributed energy resources, community energy systems, and targeted infrastructure 
investments in underserved areas can help ensure that vulnerable populations are better protected during 
outages and extreme weather events. By reducing outage risks, lowering energy costs, and improving access to 
cooling, these strategies help advance health equity and support safer, more resilient communities for all 
Minnesotans. 

Residential building electrification and efficiency 
Framework goal referenced: 7 

The residential sector is the fifth-largest source of GHG emissions in Minnesota, accounting for about 8% of the 
state’s annual net total emissions, and its emissions have increased by 38% since 2005. Within this sector, 
natural gas combustion for heating and appliances is the largest GHG emissions source and is rising.243  
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Goal 7: Efficient and Resilient Buildings outlines actions to reverse this trend and reduce GHG emissions from 
residential buildings by 40% by 2050 through low-carbon and energy-efficient building technology, investing in 
building electrification, and retrofitting existing buildings. Initiative 7.1: Decarbonized Residential and 
Commercial Buildings includes a suite of subinitiatives and action steps to decarbonize residential and 
commercial buildings. The subinitiatives most closely linked to public health include Subinitiative 7.1.1: 
Increase Energy Efficiency and Heat Resistance in Buildings; and Subinitiative 7.1.3: Electrify Buildings to 
Reduce Emissions.  

This section focuses on residential strategies because research shows that safe and high-quality housing is a 
fundamental determinant of health. Housing conditions are linked to physical and mental health outcomes and 
hospitalization rates, even after accounting for socioeconomic factors and neighborhood conditions.244 Given 
housing’s role in public health, Goal 7 strategies provide critical opportunities to improve some of the housing 
conditions associated with better health outcomes, through health pathways such as reduced energy burden, 
improved indoor and outdoor air quality, and improved temperature regulation. All these improvements are 
increasingly important to protect Minnesotans from a changing climate.  

Figure 7 illustrates some of the key health pathways related to residential building electrification and efficiency 
and examples of potential health impacts associated with these pathways, which are further described below.  

Figure 7: High level overview of health pathways associated with residential building electrification and 
efficiency. 
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Improved temperature regulation 
With climate change, Minnesotans are facing more extreme heat events and will need to be able to protect 
themselves during these events by maintaining safe indoor temperatures. As described earlier in the 
document, heat exposure can have acute and chronic health impacts, and some populations are more at risk 
due to unequal exposure.245 Housing conditions are important factors that can protect people from heat 
exposure. Weatherization strategies such as insulation and air sealing support maintaining safer indoor 
temperatures, which are especially important during extreme heat events.246 Energy efficiency strategies can 
help households more affordably cool their homes. Research shows these improvements help lower the risks 
of heat-related illness and premature death.247, 248 Improved temperature regulation is also important for 
households to be able to maintain safe indoor air quality and temperatures during wildfire smoke events. 

Improved indoor air quality 
Indoor air quality is a major determinant of health because people spend approximately 90% of their time 
indoors, with much of that time spent at home.249 Inefficient and poorly maintained housing can lead to air 
leakage, inadequate ventilation, and exposure to indoor pollutants, contributing to cardiovascular disease, 
cancer, and respiratory conditions such as asthma and other chronic health issues. 250, 251 Children, older adults, 
people with chronic health conditions, and households with lower incomes often face the greatest health 
risks.252  

The framework’s energy efficiency, pre-weatherization, and weatherization strategies can improve health 
outcomes through improved air quality when paired with home performance upgrades such as air sealing, 
insulation, mechanical ventilation, filtration, moisture control, and replacement of old and inefficient 
combustion appliances and wood burning stoves that release indoor air pollutants. 253, 254, 255 These 
improvements can reduce indoor concentrations of radon, mold, bacteria, house dust mites, carbon monoxide, 
black carbon, VOCs, and other harmful pollutants, which research indicates can support a range of positive 
health outcomes, including decreased respiratory and asthma symptoms, and improvements in general 
physical and mental health. 256, 257, 258 It is essential that building upgrades include adequate ventilation, 
checking for carbon monoxide back-drafting, and testing for radon, to avoid the risk of worsening indoor air 
quality.259 Proper and efficient ventilation removes unhealthy contaminants (such as smoke from cooking or 
combustion products from heating systems) and brings fresh air into the living spaces.260 

Improved outdoor air quality  
Building efficiency upgrades can protect health through reduced emissions from electricity generation and on-
site fuel use. By reducing harmful air pollutants, energy efficient buildings in the United States were estimated 
to have averted between 172 and 405 premature deaths, 171 hospital admissions, 11,000 asthma 
exacerbations, 54,000 respiratory symptoms, 21,000 lost days of work, and 16,000 lost days of school from 
2000 to 2016.261 Overall, as described throughout this document, air quality is a critical driver of health 
outcomes. 
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Reduced energy burden 
As described above in the Forestry section, Minnesotans must be able to efficiently and affordably maintain 
safe indoor air quality and temperatures in their homes, especially with warmer temperatures and increased 
humidity. The March 2024 U.S. Census Household Pulse Survey indicates this is a challenge for many 
Minnesotans, with an estimated 1 in 5 Minnesota households unable to pay energy bills in full.262 The public 
health implications are multifaceted. Energy insecurity is associated with a higher likelihood of respiratory 
illness, cardiovascular illness, poor sleep, and mental health impacts,263 as well as a greater risk of premature 
death.264 When households experience energy insecurity, they are more likely to reduce or forgo food or 
medicine, take financial risks, and engage in unsafe coping strategies to pay their energy bills and avoid utility 
disconnection.265 Children in households experiencing energy insecurity are more likely to face food insecurity, 
hospitalization, reported poor health, and developmental risks.266 

Increasing the energy efficiency of buildings through programs like weatherization not only reduces emissions 
but also has demonstrated reduced energy costs and improved energy affordability and security. 
Weatherization programs can save households approximately $427 per year in energy expenses (expressed in 
2025 dollars and calculated from $372 in 2022 dollars as expressed in the referenced study).267 These actions 
reduce the energy burden and financial stress of maintaining safe indoor temperatures for households, which 
can support improved physical and mental health outcomes. Additional energy use due to extreme 
temperatures places more energy burden and risk of energy insecurity on low-income households, especially 
those already struggling to pay their energy bills. Weatherization and efficiency upgrades will become 
increasingly important to reduce energy burden and protect public health in a warmer, wetter Minnesota.  

Equity discussion 
Historical and structural inequities — including housing segregation, disinvestment, and disparities in 
homeownership — have left low-income households and communities of color with fewer resources to invest 
in housing weatherization and efficiency. These populations are more likely to experience energy insecurity, 
live in housing with poor insulation and ventilation, and face higher energy burdens and higher exposures to 
indoor air pollutants.268, 269, 270 Data from the 2020 U.S. Energy Information Administration survey on household 
energy consumption show that, nationally, Black and Latino households in the United States are more likely 
than white households to experience energy insecurity and keep their homes at unhealthy temperatures. 
Seventeen percent of respondents identifying as Hispanic or Latino and 17% of those identifying as Black 
reported leaving their homes at an unhealthy temperature, as compared with 7% of households identifying as 
non-Hispanic/Latino and white.271  

Housing type and condition are contributing factors to energy insecurity, and on average, low-income houses 
in the United States are 20% more energy intensive and have 145% higher air leakage than non-low-income 
houses.272 Both small multifamily homes and manufactured homes consume more energy per square foot than 
all other housing types.273, 274 People living in multifamily rental housing face the highest heat risk compared to 
other housing types.275 Staying indoors is a top public health recommendation during wildfire smoke events, 
but the protective value of staying indoors to minimize wildfire smoke exposures is dependent on factors such 
as how well a home prevents the infiltration of wildfire smoke, and the ability to maintain a safe and 
acceptable temperature and indoor air quality.276 Lower income households may not have the resources to 
follow this public health guidance and limit exposure at home during a wildfire smoke event due to energy cost 
burden, energy inefficiency, and lack of cooling and air filtration. These inequities can contribute to higher risks 
of exposure to extreme heat, poor indoor air quality, and associated health outcomes. 
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Investments in energy efficiency, weatherization, and resilient housing can improve living conditions and lower 
energy costs for those most burdened. Expanding access to pre-weatherization and weatherization programs 
for income-eligible households can support energy security, reduce financial strain, and support healthier 
indoor environments. These strategies also can improve resilience to extreme weather and wildfire smoke, 
particularly for vulnerable populations. By ensuring all Minnesotans have access to safe, affordable, and 
climate-resilient housing, these actions advance health equity while supporting climate mitigation goals. 

Industrial decarbonization 
Framework goal referenced: 6 

Minnesota ranks among the top 15 states for industrial emissions.277 The industrial sector is the fourth-largest 
source of GHG emissions in Minnesota, accounting for about 18% of the state’s net emissions. Emissions from 
this sector have increased 23% since 2005.278 The industrial sector includes direct emissions from industrial 
facility processes and fossil fuel combustions.  

The Goal 6: Clean Economy chapter sets a target to reduce GHG emissions from the industrial sector by 30% by 
2050. To help reach this sector target, it includes a target to increase the share of onsite renewable energy use 
in the industrial sector by 50% by 2040. Strategies include improving energy efficiency and transitioning to 
cleaner fuels and electrification. In addition to lowering GHG emissions, these strategies present important 
opportunities to protect public health through improved air quality and reduced mercury emissions.279 

Figure 8 provides a high-level overview of some of the key health pathways related to industrial 
decarbonization and examples of potential health impacts associated with these pathways, which are further 
described below. 

Figure 8: High-level overview of industrial decarbonization health pathways. 
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Improved air quality 
Industrial permitted facilities are the second largest source of air pollutants that pose health risks in 
Minnesota, contributing to 36% of air pollution health risk statewide, 34% in the metro and 45% in Greater 
Minnesota. The two broad categories of industrial pollution come from industrial processes and fuel 
combustion to power or heat those processes. Industrial pollution includes many types of air pollution 
including PM2.5, VOCs, metals, greenhouse gases, and hazardous air pollutants and can contribute to a wide 
range of health outcomes including chronic respiratory disease, asthma exacerbation, heart disease, 
pneumonitis, decreased lung function, neurological damage, kidney damage, nausea, and cancer risks. 280 
Increasing onsite renewable energy use and reducing fossil fuel combustion in the industrial sector provides an 
important opportunity to reduce air pollution and the associated health risks for people statewide.281, 282  

Reduced methylmercury exposure 
While state regulations and national standards for mercury and air toxics emissions from coal-fired utility 
boilers have resulted in significant reductions of mercury emissions in Minnesota, industrial activities still 
generate mercury emissions that can transform into methylmercury in lakes and rivers, bioaccumulate in fish, 
and contribute to mercury exposures and health risks to humans.283  

Replacing coal-powered industrial processes with renewable energy will help contribute to mercury emissions 
reductions, which can ultimately bring health benefits through safer fish consumption and reduced mercury 
exposure.  

Equity discussion 
The relationship between air pollution exposure and disease is complex — we live, work and play in many 
places and the amount of pollution we breathe varies over time and place. Despite this complexity, air 
pollution poses higher risks for some people, including children, people over age 65, and people with pre-
existing health conditions.284 Communities near industrial facilities often face greater risks of exposure.285, 286 
National studies have shown racial and socioeconomic disparities in the distribution of industrial facilities and 
exposure to environmental pollution over multiple generations. In Minnesota, 76 out of about 2,000 facilities 
in Minnesota have modeled risks above guidelines. Only about 6% of communities in Minnesota are near one 
or more of these facilities. However, 14% of communities of color, which include Indigenous peoples, and 9% 
of low-income communities are located near one or more of these facilities.287 Due to systemic inequities in 
policy enforcement, urban planning, and corporate practices, these communities are often disproportionately 
exposed to industrial air pollution, which exacerbates health, social, and economic disparities.288, 289, 290  

Industrial decarbonization presents an opportunity to reduce environmental health disparities by lowering 
pollution levels in overburdened communities near industrial pollution sources.291   
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Circular economy 
Framework goal referenced: 6 

The waste sector produces about 1% of the direct GHG emissions accounted for in Minnesota’s GHG emissions 
inventory. GHG emissions from the waste sector have decreased by about 40% since 2005 due to a 
combination of factors including landfill gas capture technologies.292 However, the state’s inventory does not 
include all consumption-based emissions — the GHG emissions released globally throughout the entire life 
cycle of the products and materials we consume from mining, manufacturing, transportation, use, and disposal 
of products and materials. These emissions are all important to consider regardless of whether they occur in 
Minnesota, in another state, or in a country on the other side of the world. When these indirect emissions are 
factored in, the total emissions attributed to Minnesota are at least an estimated 40% higher than the levels 
reflected by the “in-state” GHG emissions inventory alone.293  

Initiative 6.3: Strong Circular Economy in Goal 6 includes actions to reduce emissions and waste through reuse, 
repair, recycling, and decreasing demand for new materials. Initiative 6.3 aims to decrease landfilling and 
incineration and sets a target to reduce trash in Minnesota by 70% by 2050. Examples of strategies include 
increasing reuse and waste prevention, expanding composting and other organics management practices, and 
preventing wasted food through efforts such as food donation, rescue programs, and improved tracking and 
reporting. By decreasing demand for new materials and diverting items from the waste stream entirely, 
Minnesotans can have an impact on reducing emissions locally and globally while protecting public health by 
reducing environmental health risks and supporting food security. 

Figure 9 provides a high-level, simplified overview of some of the potential health pathways related to circular 
economy strategies and potential health impacts, which are further described below. These climate actions are 
interrelated; for example, climate actions that reduce waste can in turn help reduce emissions and public 
health impacts from waste management systems. 
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Figure 9: High-level overview of circular economy health pathways. 

 
 

Reduced waste and pollution exposure 
Materials that become waste in Minnesota contribute to pollution and related public health risks. While our 
waste management system helps keep the public safe, no approach mitigates all public health risks entirely.  

Landfills generate the most GHG emissions within waste management and can contribute to public health risks 
through air pollution, leachate, and toxic contaminants. Even well-managed landfills can release VOCs, 
particulate pollution including PM2.5, and hazardous substances into surrounding environments, while landfill 
leachate can contaminate groundwater with nitrates,294 heavy metals, per- and polyfluoroalkyl substances 
(PFAS), and other pollutants linked to cancer, endocrine disruption, neurological effects, and other chronic 
health harms. 295 

Waste-to-energy facilities combust mixed municipal solid waste to reduce waste volume and recover energy. 
These facilities are regulated air emission sources and use pollution control technologies, but they still emit 
pollutants that can affect human health, including acid gases, particulate matter, metals, nitrogen oxides, 
sulfur dioxide, and dioxins/furans. 296 While waste-to-energy may avoid some landfill-related impacts, such as 
methane generation from landfilled organic material, it remains lower on the waste management hierarchy 
than waste prevention, reuse, recycling, and organics recovery. For communities located near waste-to-energy 
facilities, cumulative pollution burdens and environmental justice impacts are important considerations. 
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Material and waste collection and transportation further contribute to pollution exposure in Minnesota 
through diesel exhaust from trucks and hauling equipment. Diesel emissions contain particulate matter, 
nitrogen oxides, and other traffic-related pollutants associated with asthma attacks, lung cancer, 
cardiovascular disease, adverse birth outcomes, and premature death.297 In rural Minnesota communities, 
long distances between pickup locations can increase fuel use and transportation emissions. In areas without 
organized waste collection, multiple waste haulers often travel overlapping routes through neighborhoods, 
increasing traffic emissions and community exposure to diesel pollution.  

Prioritizing sustainable materials management and waste prevention, expanding reuse systems, recovering 
materials for recycling and organics management (composting, anaerobic digestion, etc.), and building a 
circular economy provide significant public health benefits by reducing the amount of material that must be 
extracted, manufactured, transported, incinerated, or landfilled. It is important to note that reuse and 
recycling can lower overall emissions of particulate matter even when these processes involve some emissions. 
Because of the lowered life cycle impacts of preventing, reusing, or recovering materials, these actions can 
lower diesel exhaust, GHGs, dioxins, heavy metals, and hazardous chemicals while decreasing groundwater 
contamination risks and reducing exposure to toxic substances.  

Reduced harmful exposures from consumer products  
A consumption-driven economy encourages rapid manufacture, transportation, use, disposal, and replacement 
of short-lived consumer goods that sometimes contain harmful chemicals, increasing cumulative exposure to 
these chemicals and pollution throughout the product life cycle. Many consumer products, including plastics, 
electronics, furniture, textiles, carpeting, and personal care products contain or emit VOCs, PFAS, flame 
retardants, phthalates, bisphenols, and other hazardous substances during production, use, and disposal. 
These chemicals can contaminate indoor air, drinking water, soil, wastewater, landfill leachate, and food 
systems. For example, replacing carpet less often and reusing a stainless-steel water bottle are ways to reduce 
both life cycle GHG emissions and exposure to health harming chemicals. 

VOC exposure is associated with headaches, respiratory irritation, asthma exacerbation, neurological 
symptoms, and increased cancer risk. PFAS are a family of manufactured chemicals widely used in many 
consumer products. PFAS exposure has been linked to immune suppression, elevated cholesterol, liver effects, 
developmental harms, lower birth weight, and kidney cancer. In Minnesota, PFAS contamination has affected 
groundwater, fish, biosolids, and drinking water systems, prompting state pollution prevention efforts 
including Amara’s Law (Minn. Stat. § 116.943), which restricts avoidable PFAS uses by 2032.298, 299 

Plastics and microplastics further contribute to health risks across the entire production, consumption and 
waste cycle. Plastic manufacturing, transportation, use, and waste expose people to microplastics and 
associated chemicals such as PFAS, phthalates, and bisphenols, that are harmful to humans. Studies are 
beginning to uncover the extent of human exposure and potential health impacts. Examples of health impacts 
include inflammation, endocrine disruption, cardiovascular disease, respiratory illness, developmental effects, 
and possible neurological harm.300 Frequent replacement of low-durability consumer goods increases material 
throughput and creates repeated opportunities for exposure to health harming materials during 
manufacturing, shipping, household use, and disposal.  
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A circular economy that prioritizes prevention, reuse, repair, refill systems, product durability, recycling, 
reduced material consumption, and less toxic products reduces the demand for new material extraction, 
manufacturing, transportation, and disposal and can thereby reduce exposure to VOCs, PFAS, microplastics, 
and other hazardous chemicals associated with continuous production and waste cycles. Reducing the 
manufacture and disposal of PFAS-containing and plastic products may help limit long-term contamination of 
drinking water, food systems, indoor air, and ecosystems while lowering air pollution emissions from 
manufacturing and waste management associated with plastics and new manufactured goods.  

Improved food security 
As noted above in the Food systems section, an estimated 9% of households in Minnesota experience food 
insecurity,301 which is a risk factor for developing or worsening chronic diseases such as heart disease, 
diabetes, and cancer.302  

Initiative 6.3 includes action steps to prevent wasted food, including preventing waste from businesses and 
organizations that throw away large quantities of food by offering incentives for food donation and rescue, 
providing technical assistance to improve food management practices, and requiring annual tracking and 
reporting. Efforts to distribute extra food to food shelves and other organizations can improve food security 
for food insecure households, which is linked to a wide range of health benefits. Reducing wasted food can 
also reduce costs for households, businesses, and organizations. 

Equity discussion 
Landfills and waste facilities tend to be disproportionately located in communities with higher rates of poverty 
and larger populations of people of color, resulting in greater exposure to environmental hazards such as 
contaminated soil, air pollution, and toxic substances.303  

Waste reduction strategies can support reduction of environmental health burdens in overburdened 
communities by helping to prevent landfill expansions and lowering potential pollution exposure.  

Economic security and opportunity 
Framework goals referenced: all  

Climate change threatens Minnesota’s economy by reducing labor productivity during extreme heat and 
wildfire smoke events and causing costly damage from severe storms and record-breaking floods. Extreme 
weather and changing precipitation patterns can also hinder crop productivity, disrupt supply chains, hamper 
worker productivity, and cause downstream economic losses. The Minnesota climate adaptation and resilience 
cost study projects that without further adaptation investment, climate change impacts in Minnesota will cost 
governments, private entities, and individuals $17 to $22 billion per year by mid-century. This is most likely an 
underestimation because the study only quantifies a subset of the significant and likely costs of climate 
change. 304 Below are some examples of the economic impacts from climate change: 

• Extreme heat and labor productivity: Exposure to extreme heat can decrease motor-cognitive 
performance and physical work capacity, resulting in decreased worker productivity and increased 
risks of occupational health burdens.305 The United States could lose on average $100 billion a year 
due to heat-induced lost labor productivity. Without meaningful GHG emissions reductions and actions 
to adapt to extreme heat, labor productivity losses could double to nearly $200 billion by 2030 and 
reach $500 billion by 2050.306  
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• Wildfire smoke and income: Wildfire smoke reduced earnings by nearly 2% of U.S. annual labor 
income ($125 billion in 2018 dollars) per year on average between 2007-2019.307  

• Climate change and agriculture: Erratic periods of drought and excess rain and extreme heat cause 
stress to crops and livestock and impact agricultural production and decrease worker productivity.308 
In 2024, record breaking summer heat in the continental United States resulted in $5.4 billion in crop 
losses.309  

• Disasters: Between 2020 and 2024, Minnesota experienced 23 regional disasters that cost a billion 
dollars or more, totaling an estimated $114.7 billion in Consumer Price Index-adjusted costs. This is 
one-third of the cost of all billion-dollar disasters since 1980.310 

Research demonstrates that reducing GHG emissions does not mean sacrificing economic growth.311 
Minnesota has already made great strides in reducing GHG emissions while the economy has continued to 
grow. Since 2005, statewide greenhouse gas emissions have fallen by 15%, while overall economic activity has 
increased by more than 25%, employment has grown by more than 10%, and personal income per capita has 
grown by more than 20%.312  

Actions across the framework offer opportunities to strengthen economic security amid uncertain climate 
change-driven economic pressures. For example, Goal 6: Clean Economy includes multiple action steps to 
increase business resilience, capitalize on emerging economic opportunities, and prepare workers for new, 
existing and changing career opportunities. Shifting away from fossil fuel dependence helps reduce 
Minnesota’s exposure to volatile oil and gas markets, protecting businesses and households from future price 
shocks. Building a circular economy with increased reuse and local sourcing can strengthen economic stability 
by reducing reliance on global supply chains, thereby buffering Minnesota from supply chain disruptions and 
price volatility. Investments in innovation, economic development, and workforce development can create 
high-quality, accessible, family-sustaining employment opportunities across the state. Beyond Goal 6 of the 
framework, many framework actions can reduce household costs through energy efficiency and improved 
transportation options, strengthening household financial stability.  

The economic impacts of climate change ultimately affect households through employment, income, prices, 
and financial security, which in turn influence health outcomes. Likewise, actions that build more efficient, 
resilient, and cleaner economies and communities can improve household health through these same 
pathways. 

Figure 10 provides a high-level overview of some of the key health pathways related to economic and 
workforce benefits of climate action and examples of potential health impacts associated with these pathways 
which are further described below. 

Figure 10: High level overview of economic and workforce benefits and health pathways. 
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Increased income and financial stability, and reduced cost burdens 
Economic security supports public health. Economic factors, such as income, income inequality, wealth, job 
security, and occupation status, are among the strongest determinants of physical and mental health.313, 314, 315 

Higher income is linked to greater longevity and lower morbidity. Evidence also suggests economic insecurity 
negatively impacts mental health across the entire income distribution316 and perceptions of future risks and 
loss may be even more harmful to mental health than experienced market volatilities.317  

Transitioning to a resilient, low-carbon economy will increase demand for workers in clean-economy industries 
and other occupations that support climate mitigation, adaptation, and resilience. The workforce supplement 
to the framework shows that many of these industries and occupations provide family-sustaining wages across 
all regions of Minnesota, regardless of minimum education requirements, and demand for workers is expected 
to remain strong.318 High-quality jobs, those that provide family-sustaining wages, benefits, safe and stable 
working conditions, worker voice, and pathways for advancement, can strengthen long-term economic 
security for workers and their families. Expanding access to these high-quality jobs can increase incomes, 
improve financial security, and ultimately support better health outcomes.319  

Climate policies that support equitable access to residential electrification and efficiencies and improved 
multimodal transportation options can help reduce household cost burdens. Household savings can free up 
income for other needs and support household financial stability. Climate actions that reduce the economic 
damages and disruptions associated with extreme weather and changing weather patterns can also help 
protect household financial security and maintain the many health outcomes influenced by favorable 
economic conditions.  

Equity discussion 
Economic inequities, including income inequality, job insecurity, and unequal access to economic 
opportunities, contribute significantly to health disparities. Research shows income inequality is strongly 
associated with lower life expectancy, low birthweight, depression, mental illness, obesity, and higher rates of 
infant and child mortality. Income inequality has even stronger association with adverse health outcomes than 
poverty.320 Low-income communities and communities of color are more likely to experience economic 
instability, higher cost burdens, and limited access to high-quality jobs. These inequities are compounded by 
climate change, which disproportionately impacts vulnerable populations through greater exposure and less 
resources to deal with economic disruptions and environmental hazards.  

Climate action strategies that prioritize equitable access to economic opportunities can help reduce health 
disparities. Expanding access to green jobs, directing investments to underserved communities, and reducing 
household costs through energy efficiency and clean transportation can help improve financial stability and 
support upward mobility. By intentionally designing policies to benefit low-income communities and 
communities of color, Minnesota can ensure that the economic and health benefits of the clean energy 
transition are shared more equitably, supporting improved health outcomes for all. 
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Conclusion 
Climate change is already affecting the health of Minnesotans through increasing exposure to extreme heat, 
wildfire smoke, flooding, severe storms, poor air quality, changing infectious disease patterns, and disruptions 
to food, water, housing, and community well-being. While climate change affects everyone, the impacts are 
not distributed equally. Children, older adults, Tribal Nations and American Indian communities, low-income 
households, people with disabilities, communities of color, outdoor workers, and others facing social and 
economic challenges often experience the greatest risks and have the fewest resources to adapt. 

This document demonstrates that climate action is also public health action. The strategies outlined in 
Minnesota’s 2026 Climate Action Framework offer opportunities to improve health while reducing greenhouse 
gas emissions. Evidence reviewed in this report shows that investments in clean transportation, climate-smart 
agriculture, wetland and grassland restoration, forestry, clean energy, efficient and resilient housing, industrial 
decarbonization, and circular economy approaches can generate substantial health benefits. These benefits 
include cleaner air and water, reduced exposure to extreme heat and wildfire smoke, improved physical 
activity and mental health, greater food and energy security, safer housing, stronger community connections, 
and more resilient local economies. The magnitude of these benefits will depend on how climate strategies are 
designed and implemented. Efforts that prioritize meaningful community engagement, address longstanding 
inequities, and direct resources toward communities facing the greatest burdens can help ensure that the 
health benefits of climate action are shared broadly across the state. 

Climate change poses significant challenges, but climate action presents an opportunity to build healthier, 
more equitable, and more resilient communities. By prioritizing actions that deliver both climate and health 
benefits, Minnesota can save lives, reduce the risks of chronic and acute illnesses, advance equity, and 
improve quality of life. Acting now on these win-win strategies can protect health today while creating lasting 
benefits for future generations of Minnesotans. 

 

 
1 US Centers for Disease Control and Prevention. (2024, January 17). Social Determinants of Health (SDOH). About CDC. 
https://www.cdc.gov/about/priorities/why-is-addressing-sdoh-important.html  
2 National Weather Service. (2025). Weather Related Fatality and Injury Statistics. National Oceanic and Atmospheric Administration. 
https://www.weather.gov/hazstat/ 
3 Ebi, K. L., Capon, A., Berry, P., et al. (2021). Hot weather and heat extremes: Health risks. The Lancet, 398(10301), 698-708. 
https://doi.org/10.1016/S0140-6736(21)01208-3 
4 Minnesota Department of Health. (2026). Heat-related Illness Deaths: Minnesota Public Health Data Access. MN Data. 
https://mndata.web.health.state.mn.us/heat/messaging_death.html  
5 Minnesota Department of Health. (2026). Heat-related Illness Emergency Department Visits: Minnesota Public Health Data Access. MN Data. 
https://mndata.web.health.state.mn.us/heat/messaging_ed.html  
6 Bouchama, A., Abuyassin, B., Lehe, C., Laitano, O., Jay, O., O’Connor, F. G., & Leon, L. R. (2022). Classic and exertional heatstroke. Nature Reviews 
Disease Primers, 8(1), 8. https://doi.org/10.1038/s41572-021-00334-6 
7 Choi, E. Y., & Ailshire, J. A. (2025). Ambient outdoor heat and accelerated epigenetic aging among older adults in the US. Science Advances, 11(9), 
eadr0616. https://doi.org/10.1126/sciadv.adr0616  
8 Choi, E. Y., Lee, H., & Chang, V. W. (2023). Cumulative exposure to extreme heat and trajectories of cognitive decline among older adults in the USA. J 
Epidemiol Community Health, 77(11), 728-735. https://doi.org/10.1136/jech-2023- 220675  
9 Barry S. Levy, Victor W. Sidel, and Jonathan A. Patz, “Climate Change and Collective Violence,” Annual Review of Public Health 38, no. 1 (March 20, 
2017): 241-57, https://doi.org/10.1146/annurev-publhealth-031816-044232 
10 Nori-Sarma, A., Sun, S., Sun, Y., et al. (2022). Association Between Ambient Heat and Risk of Emergency Department Visits for Mental Health Among 
US Adults, 2010 to 2019. JAMA Psychiatry, 79(4), 341-349. https://doi.org/10.1001/jamapsychiatry.2021.4369  

 

https://www.cdc.gov/about/priorities/why-is-addressing-sdoh-important.html
https://www.weather.gov/hazstat/
https://doi.org/10.1016/S0140-6736(21)01208-3
https://mndata.web.health.state.mn.us/heat/messaging_death.html
https://mndata.web.health.state.mn.us/heat/messaging_ed.html
https://doi.org/10.1038/s41572-021-00334-6
https://doi.org/10.1126/sciadv.adr0616
https://doi.org/10.1001/jamapsychiatry.2021.4369


2026 Minnesota Climate Action Framework — Public health 41 

 
11 Thompson, R., Lawrance, E. L., Roberts, L. F., et al. (2023). Ambient temperature and mental health: A systematic review and meta-analysis. The Lancet 
Planetary Health, 7(7), e580-e589. https://doi.org/10.1016/S2542-5196(23)00104-3  
12 Ebi, K. L., Capon, A., Berry, P., et al. (2021). Hot weather and heat extremes: Health risks. The Lancet, 398(10301), 698-708. 
https://doi.org/10.1016/S0140-6736(21)01208-3 
13 Chen, J., & Hoek, G. (2020). Long-term exposure to PM and all-cause and cause-specific mortality: A systematic review and meta-analysis. Environment 
International, 143, 105974. https://doi.org/10.1016/j.envint.2020.105974 
14 Arias-Pérez, R. D., Taborda, N. A., Gómez, D. M., et al. (2020). Inflammatory effects of particulate matter air pollution. Environmental Science and 
Pollution Research, 27(34), 42390-42404. https://doi.org/10.1007/s11356-020-10574-w 
15 Braithwaite, I., Zhang, S., Kirkbride, J. B., et al. (2019). Air Pollution (Particulate Matter) Exposure and Associations with Depression, Anxiety, Bipolar, 
Psychosis and Suicide Risk: A Systematic Review and Meta-Analysis. Environmental Health Perspectives, 127(12), 126002. 
https://doi.org/10.1289/EHP4595 
16 Minnesota Pollution Control Agency. (2026). Ozone. https://www.pca.state.mn.us/pollutants-and-contaminants/ozone 
17 Song, X., Shi, H., Jin, L., Pang, S., & Zeng, S. (2025). The Impact of the Urban Heat Island Effect on Ground-Level Ozone Pollution in the Sichuan Basin, 
China. Atmosphere, 16(1), Article 1. https://doi.org/10.3390/atmos16010014 
18 Zhang, J. (Jim), Wei, Y., & Fang, Z. (2019). Ozone Pollution: A Major Health Hazard Worldwide. Frontiers in Immunology, 10, 2518. 
https://doi.org/10.3389/fimmu.2019.02518 
19 Minnesota Pollution Control Agency. (2026). Ozone. https://www.pca.state.mn.us/pollutants-and-contaminants/ozone 
20 Ibid. 
21 Environmental Law Institute. (2024). Wildfire Smoke: State policies for reducing indoor exposure. Environmental Law Institute. 
https://www.eli.org/sites/default/files/files-pdf/Wildfire%20Smoke%20Report%20January%202024.pdf  
22 Swanson, A., & Bouchareb, H. (2025). The air we breathe: The state of Minnesota’s air quality, 2025. Minnesota Pollution Control Agency. 
https://www.pca.state.mn.us/sites/default/files/lraq-1sy25.pdf  
23 Grant, E., & Runkle, J. D. (2022). Long-term health effects of wildfire exposure: A scoping review. The Journal of Climate Change and Health, 6, 100110. 
https://doi.org/10.1016/j.joclim.2021.100110  
24 Xu, R., et al. (2020). Wildfires, Global Climate Change, and Human Health. New England Journal of Medicine, 383(22), 2173-2181. 
https://doi.org/10.1056/NEJMsr2028985  
25 Minnesota Department of Health. (2025). Respiratory emergency department visits during wildfire smoke air quality alerts in Minnesota, summer 
2021: A matched comparative analysis. [Report in preparation].  
26 Minnesota Department of Health. (2025). Syndromic surveillance for respiratory emergency department visits during wildfire smoke air quality alerts in 
Minnesota, summer 2025. [Report in preparation]. 
27 Sample, M., Thode, A. E., Peterson, C., et al. (2022). Adaptation Strategies and Approaches for Managing Fire in a Changing Climate. Climate, 10(4), 58. 
https://doi.org/10.3390/cli10040058 
28 Anderegg, W. R. L., Abatzoglou, J. T., Anderegg, L. D. L., et al. (2021). Anthropogenic climate change is worsening North American pollen seasons. 
Proceedings of the National Academy of Sciences, 118(7), e2013284118. https://doi.org/10.1073/pnas.2013284118 
29 Ziska, L. H., & Beggs, P. J. (2012). Anthropogenic climate change and allergen exposure: The role of plant biology. Journal of Allergy and Clinical 
Immunology, 129(1), 27-32. https://doi.org/10.1016/j.jaci.2011.10.032 
30 Ziska, L., Knowlton, K., Rogers, C., et al. (2011). Recent warming by latitude associated with increased length of ragweed pollen season in central North 
America. Proceedings of the National Academy of Sciences of the United States of America, 108(10), 4248-4251. 
https://doi.org/10.1073/pnas.1014107108 
31 Minnesota Department of Health. (2025, July 2). Changing Geographic Range of Vectorborne Disease. 
https://www.health.state.mn.us/diseases/vectorborne/vectorborne.html  
32 Earley, A. R., Schiffman, E. K., Wong, K. K., et al. (2024). Epidemiologic and tick exposure characteristics among people with reported Lyme disease — 
Minnesota, 2011-2019. Zoonoses and Public Health, 71(7), 779-789. https://doi.org/10.1111/zph.13143 
33Minnesota Department of Health. (2026, May 6). Annual Summary of Reportable Diseases. 
https://www.health.state.mn.us/diseases/reportable/dcn/index.html 
34Ibid. 
35 Minnesota Department of Health. (2025, July 2). Changing Geographic Range of Vectorborne Disease. 
https://www.health.state.mn.us/diseases/vectorborne/vectorborne.html 
36Minnesota Department of Health. (2026, May 6). Annual Summary of Reportable Diseases. 
https://www.health.state.mn.us/diseases/reportable/dcn/index.html 
37Minnesota Department of Health. (2025). Harmful Algal Blooms (HABs) Fact Sheet. https://www.health.state.mn.us/diseases/hab/hab.html 
38 Heilmann, A., Rueda, Z., Alexander, D., et al. (2024). Impact of climate change on amoeba and the bacteria they host. Journal of the Association of 
Medical Microbiology and Infectious Disease Canada, 9(1), 1-5. https://doi.org/10.3138/jammi-2023-09-08  

 

https://doi.org/10.1016/S2542-5196(23)00104-3
https://doi.org/10.1016/S0140-6736(21)01208-3
https://doi.org/10.1016/j.envint.2020.105974
https://doi.org/10.1007/s11356-020-10574-w
https://doi.org/10.1289/EHP4595
https://www.pca.state.mn.us/pollutants-and-contaminants/ozone
https://doi.org/10.3390/atmos16010014
https://doi.org/10.3389/fimmu.2019.02518
https://www.pca.state.mn.us/pollutants-and-contaminants/ozone
https://www.eli.org/sites/default/files/files-pdf/Wildfire%20Smoke%20Report%20January%202024.pdf
https://www.pca.state.mn.us/sites/default/files/lraq-1sy25.pdf
https://doi.org/10.1016/j.joclim.2021.100110
https://doi.org/10.1056/NEJMsr2028985
https://doi.org/10.3390/cli10040058
https://doi.org/10.1073/pnas.2013284118
https://doi.org/10.1016/j.jaci.2011.10.032
https://doi.org/10.1073/pnas.1014107108
https://www.health.state.mn.us/diseases/vectorborne/vectorborne.html
https://doi.org/10.1111/zph.13143
https://www.health.state.mn.us/diseases/reportable/dcn/index.html
https://www.health.state.mn.us/diseases/vectorborne/vectorborne.html
https://www.health.state.mn.us/diseases/reportable/dcn/index.html
https://www.health.state.mn.us/diseases/hab/hab.html
https://doi.org/10.3138/jammi-2023-09-08


2026 Minnesota Climate Action Framework — Public health 42 

 
39 Minnesota Department of Health. (2024). Naegleria fowleri and Primary Amebic Meningoencephalitis. 
https://www.health.state.mn.us/diseases/naegleria/index.html 
40 Ebi, K. L., Vanos, J., Baldwin, J. W., et al. (2021). Extreme Weather and Climate Change: Population Health and Health System Implications. Annual 
Review of Public Health, 42(Volume 42, 2021), 293-315. https://doi.org/10.1146/annurev-publhealth-012420-105026 
41Bell, J. E., Brown, C. L., Conlon, K., et al. (2018). Changes in extreme events and the potential impacts on human health. Journal of the Air & Waste 
Management Association, 68(4), 265-287. https://doi.org/10.1080/10962247.2017.1401017  
42 Minnesota Department of Natural Resources. (2024). Historic mega-rain events in Minnesota. Minnesota Department of Natural Resources. 
https://www.dnr.state.mn.us/climate/summaries_and_publications/mega_rain_events.html  
43 Minnesota Department of Health. (2025). Minnesota Drinking Water Action Plan. 
https://www.health.state.mn.us/communities/environment/water/docs/cwf/fdw/actionplan.pdf  
44 Ibid. 
45 Ibid. 
46 Minnesota Department of Health. (2018, July). Community Drinking Water Advisories: Guidance for the General Public, Businesses, and Institutions. 
https://www.health.mn.gov/communities/environment/water/docs/com/dwaguidance.pdf  
47 Minnesota Department of Health. (2022, December 6). Drinking Water Safety in Emergencies. 
https://www.health.mn.gov/communities/environment/emergency/water/index.html  
48 Minnesota Department of Health. (2025). Minnesota Drinking Water Action Plan. 
https://www.health.state.mn.us/communities/environment/water/docs/cwf/fdw/actionplan.pdf  
49 University of Minnesota Extension. (2025, April 3). Minnesota farm incomes decline again in 2024. https://extension.umn.edu/ag-business-
management-news/minnesota-farm-incomes-decline-again-2024  
50 Minnesota Department of Agriculture. (2024, April 18). Help is Available for Minnesota Producers Facing Times of Stress. 
https://www.mda.state.mn.us/help-available-minnesota-producers-facing-times-stress  
51 Niles, M. T., Wirkkala, K. B., Belarmino, E. H., & Bertmann, F. (2021). Home food procurement impacts food security and diet quality during COVID-19. 
BMC Public Health, 21(1), 945. https://doi.org/10.1186/s12889-021-10960-0 
52 Smith, E., Ahmed, S., Dupuis, V., et al. (2019). Contribution of Wild Foods to Diet, Food Security, and Cultural Values Amidst Climate Change. Journal of 
Agriculture, Food Systems, and Community Development, 9(B), 191-214. https://doi.org/10.5304/jafscd.2019.09B.011  
53 Strazdiņa, V., Jemeļjanovs, A., & Šterna, V. (2013). Nutrition Value of Wild Animal Meat. Proceedings of the Latvian Academy of Sciences. Section B. 
Natural, Exact, and Applied Sciences., 67(4-5), 373-377. https://doi.org/10.2478/prolas-2013-0074 
54 Traditional Ecological Knowledge shared by Tribal leaders and members during the development the framework. 
55 GLIFWC Climate Change Team. (2023). Aanji-bimaadiziimagak o’ow aki (Vulnerability Assessment Version 2). Great Lakes Indian Fish and Wildlife 
Commission. https://glifwc.org/ClimateChange/VulnerabilityAssessment.html  
56 Colvin, C. (2024, October 10). ‘A resilient plant’: Three tribal nations reflect on wild rice season, how heavy spring rainfall affected harvest. MPR News. 
https://www.mprnews.org/story/2024/10/10/three-tribal-nations-share-how-heavy-spring-rainfall-affected-wild-rice-season  
57 Leisner, C. P. (2020). Review: Climate change impacts on food security- focus on perennial cropping systems and nutritional value. Plant Science, 293, 
110412. https://doi.org/10.1016/j.plantsci.2020.110412  
58 Hartig, T., Mitchell, R., De Vries, S., Frumkin, H. (2014). Nature and Health. Annu. Rev. Public Health 35, 207-228. https://doi.org/10.1146/annurev-
publhealth-032013-182443 
59 Albrecht, G. (2005). “Solastalgia”. A new concept in health and identity. PAN: Philosophy Activism Nature, 3, 41-55.  
60 Cianconi, P., Betrò, S., Janiri, L. (2020). The Impact of Climate Change on Mental Health: A Systematic Descriptive Review. Front. Psychiatry 11. 
https://doi.org/10.3389/fpsyt.2020.00074 
61 Wagner, S. L., White, N., & Krutop, E. (2025). Mental health risk for wildland firefighters: A review and future directions. International Journal of 
Wildland Fire, 34(1), WF24159. https://doi.org/10.1071/WF24159 
62 Lawrance, E. L., Thompson, R., Newberry Le Vay, J., et al. (2022). The Impact of Climate Change on Mental Health and Emotional Wellbeing: A 
Narrative Review of Current Evidence, and its Implications. International Review of Psychiatry, 34(5), 443-498. 
https://doi.org/10.1080/09540261.2022.2128725 
63 Arpin, E., Gauffin, K., Kerr, M., Hje et al. (2021). Climate change and child health inequality: A review of reviews. International Journal of Environmental 
Research and Public Health, 18(20) https://doi.org/10.3390/ijerph182010896  
64 Thiem, H., & Lindsey, R. (2024, November 7). Hurricane Helene’s extreme rainfall and catastrophic inland flooding. https://www.climate.gov/news-
features/event-tracker/hurricane-helenes-extreme-rainfall-and-catastrophic-inland-flooding  
65 Minnesota Ambulatory Surgery Center Association. (n.d.). IV Fluid Shortage Updates. MNASCA. Retrieved June 25, 2026, from 
https://www.mnasca.org/IVFluid  

 

https://www.health.state.mn.us/diseases/naegleria/index.html
https://doi.org/10.1146/annurev-publhealth-012420-105026
https://doi.org/10.1080/10962247.2017.1401017
https://www.dnr.state.mn.us/climate/summaries_and_publications/mega_rain_events.html
https://www.health.state.mn.us/communities/environment/water/docs/cwf/fdw/actionplan.pdf
https://www.health.mn.gov/communities/environment/water/docs/com/dwaguidance.pdf
https://www.health.mn.gov/communities/environment/emergency/water/index.html
https://www.health.state.mn.us/communities/environment/water/docs/cwf/fdw/actionplan.pdf
https://extension.umn.edu/ag-business-management-news/minnesota-farm-incomes-decline-again-2024
https://extension.umn.edu/ag-business-management-news/minnesota-farm-incomes-decline-again-2024
https://www.mda.state.mn.us/help-available-minnesota-producers-facing-times-stress
https://doi.org/10.1186/s12889-021-10960-0
https://doi.org/10.5304/jafscd.2019.09B.011
https://doi.org/10.2478/prolas-2013-0074
https://glifwc.org/ClimateChange/VulnerabilityAssessment.html
https://www.mprnews.org/story/2024/10/10/three-tribal-nations-share-how-heavy-spring-rainfall-affected-wild-rice-season
https://doi.org/10.1016/j.plantsci.2020.110412
https://doi.org/10.1146/annurev-publhealth-032013-182443
https://doi.org/10.1146/annurev-publhealth-032013-182443
https://doi.org/10.3389/fpsyt.2020.00074
https://doi.org/10.1071/WF24159
https://doi.org/10.1080/09540261.2022.2128725
https://doi.org/10.3390/ijerph182010896
https://www.climate.gov/news-features/event-tracker/hurricane-helenes-extreme-rainfall-and-catastrophic-inland-flooding
https://www.climate.gov/news-features/event-tracker/hurricane-helenes-extreme-rainfall-and-catastrophic-inland-flooding
https://www.mnasca.org/IVFluid


2026 Minnesota Climate Action Framework — Public health 43 

 
66 Cuartas, J., Bhatia, A., Carter, D., et al. (2025). Climate change is a threat multiplier for violence against children. Child Abuse & Neglect, Advancing our 
understanding of violence against children: Consideration of global threats of conflict, displacement, and climate change. 162, 106430. 
https://doi.org/10.1016/j.chiabu.2023.106430 
67 Thiery, W., Lange, S., Rogelj, J., et al. (2021). Intergenerational inequities in exposure to climate extremes. Science 374, 158-160. 
https://doi.org/10.1126/science.abi7339 
68 Azan, A., Nyimbili, S., Babayode, O.O., Bershteyn, A. (2025). Exceeding the limits of paediatric heat stress tolerance: the risk of losing a generation to 
climate inaction. bmjpo 9, e002883. https://doi.org/10.1136/bmjpo-2024-002883 
69 Barnett, C. (2024, April 18). Disasters: Climate, Children, and Schools: Larger, Longer Storms, More Pandemics. 3rd Annual National Integrated Heat 
Health Information System (NIHHIS) National Meeting. https://www.cdc.gov/eh-nexus/media/3rd-nihhis.html  
70  United States Government Accountability Office. (2020). K-12 EDUCATION: School Districts Frequently Identified Multiple Building Systems Needing 
Updates or Replacement (GAO-20-494; GAO Highlights). United States Government Accountability Office. https://www.gao.gov/assets/710/707517.pdf  
71 Dernbach, B. Z. (2021, June 8). Too hot for school: Minneapolis and St. Paul close school buildings during June heat wave. Sahan Journal. 
https://sahanjournal.com/education/minneapolis-school-heat-wave-distance-learning/  
72 US Environmental Protection Agency. (2023, August 8). Environmental Health Threats Found at Schools [Overviews and Factsheets]. 
https://www.epa.gov/schools/environmental-health-threats-found-schools 
73 Park, R.J., Behrer, A.P., Goodman, J. (2020). Learning is inhibited by heat exposure, both internationally and within the United States. Nat Hum Behav 
5, 19-27. https://doi.org/10.1038/s41562-020-00959-9 
74 Madera, F., Olcese, M., Cardinali, P., Migliorini, L. (2025). Nature connectedness in adolescents and young adults: a systematic review. Journal of 
Environmental Psychology, 107 https://doi.org/10.1016/j.jenvp.2025.102761  
75 Quintela Do Carmo, G., Ayotte-Beaudet, J., Jordan, C., (2025). A systematic review of the impacts of nature exposure on the nervous system in children 
and youth: Implications for nature-based learning. Journal of Environmental Psychology https://doi.org/10.1016/j.jenvp.2025.102788 
76 Nguyen, L., Walters, J. (2024). Benefits of nature exposure on cognitive functioning in children and adolescents: A systematic review and meta-
analysis. Journal of Environmental Psychology, 96 https://doi.org/10.1016/j.jenvp.2024.102336 
77 Intergovernmental Panel on Climate Change. (2001). Climate Change 2001: Impacts, Adaptation, and Vulnerability. Contribution of Working Group II 
to the Third Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge: Cambridge University Press. 
https://digitallibrary.un.org/record/763949?v=pdf  
78 Minnesota Pollution Control Agency, & Minnesota Department of Commerce. (2025). Greenhouse gas emissions in Minnesota 2005 to 2022: Biennial 
inventory report tracking the state’s greenhouse gas emissions contributing to climate change (Lraq-3sy25). Minnesota Pollution Control Agency. 
https://www.pca.state.mn.us/sites/default/files/lraq-3sy25.pdf  
79 Sallis, J. F., Floyd, M. F., Rodríguez, D. A., & Saelens, B. E. (2012). Role of Built Environments in Physical Activity, Obesity, and Cardiovascular Disease. 
Circulation, 125(5), 729-737. https://doi.org/10.1161/CIRCULATIONAHA.110.969022 
80 Saelens, B. E., & Handy, S. L. (2008). Built Environment Correlates of Walking: A Review. Medicine & Science in Sports & Exercise, 40(7), S550. 
https://doi.org/10.1249/MSS.0b013e31817c67a4 
81 Rabl, A., & De Nazelle, A. (2012). Benefits of shift from car to active transport. Transport Policy, 19(1), 121-131. 
https://doi.org/10.1016/j.tranpol.2011.09.008 
82 Moravec, M., Grunwald, B., Veysey, D., Warsing, R., & Lombardi, J. (2026). Smarter MODES Calculator: Smarter Mobility Options for Decarbonization, 
Equity, and Safety (Version 1.2). https://rmi.org/resources/smarter-modes-calculator-smarter-mobility-options-for-decarbonization-equity-and-
safety/?submitted=1#thank-you 
83 Smarter MODES Tool User Guide & Methodology V1.2. (n.d.). Rocky Mountain Institute. Retrieved https://rmi.org/app/uploads/2026/05/RMI-Smarter-
MODES-Methodology-V1.2.pdf 
84 Swanson, A., & Bouchareb, H. (2025). The air we breathe: The state of Minnesota’s air quality, 2025. Minnesota Pollution Control Agency. 
https://www.pca.state.mn.us/sites/default/files/lraq-1sy25.pdf  
85 Cohen, A.J., Brauer, M., Burnett, R., et al. (2017). Estimates and 25-year trends of the global burden of disease attributable to ambient air pollution: an 
analysis of data from the Global Burden of Diseases Study 2015. The Lancet 389, 1907-1918. https://doi.org/10.1016/S0140-6736(17)30505-6 
86Pratt, G.C., Vadali, M.L., Kvale, D.L., Ellickson, K.M. (2015). Traffic, Air Pollution, Minority and Socio-Economic Status: Addressing Inequities in Exposure 
and Risk. Int J Environ Res Public Health 12, 5355-5372. https://doi.org/10.3390/ijerph120505355 
87 Fleming, K.L. (2018). Social Equity Considerations in the New Age of Transportation: Electric, Automated, and Shared Mobility. Journal of Science 
Policy and Governance 13. 
88 Tessum, C. W., Apte, J. S., Goodkind, A. L., et al. (2019). Inequity in consumption of goods and services adds to racial-ethnic disparities in air pollution 
exposure. Proceedings of the National Academy of Sciences, 116(13), 6001-6006. https://doi.org/10.1073/pnas.1818859116 
89 Friedman, M. S., Powell, K. E., Hutwagner, L., et al. (2001). Impact of Changes in Transportation and Commuting Behaviors During the 1996 Summer 
Olympic Games in Atlanta on Air Quality and Childhood Asthma. JAMA, 285(7), 897-905. https://doi.org/10.1001/jama.285.7.897 
90 Garcia, E., Johnston, J., McConnell, R., et al. (2023). California’s early transition to electric vehicles: Observed health and air quality co-benefits. Science 
of The Total Environment, 867, 161761. https://doi.org/10.1016/j.scitotenv.2023.161761 

 

https://doi.org/10.1016/j.chiabu.2023.106430
https://doi.org/10.1126/science.abi7339
https://doi.org/10.1136/bmjpo-2024-002883
https://www.cdc.gov/eh-nexus/media/3rd-nihhis.html
https://www.gao.gov/assets/710/707517.pdf
https://sahanjournal.com/education/minneapolis-school-heat-wave-distance-learning/
https://www.epa.gov/schools/environmental-health-threats-found-schools
https://doi.org/10.1038/s41562-020-00959-9
https://doi.org/10.1016/j.jenvp.2025.102761
https://doi.org/10.1016/j.jenvp.2025.102788
https://doi.org/10.1016/j.jenvp.2024.102336
https://digitallibrary.un.org/record/763949?v=pdf
https://www.pca.state.mn.us/sites/default/files/lraq-3sy25.pdf
https://doi.org/10.1161/CIRCULATIONAHA.110.969022
https://doi.org/10.1249/MSS.0b013e31817c67a4
https://doi.org/10.1016/j.tranpol.2011.09.008
https://rmi.org/resources/smarter-modes-calculator-smarter-mobility-options-for-decarbonization-equity-and-safety/?submitted=1#thank-you
https://rmi.org/resources/smarter-modes-calculator-smarter-mobility-options-for-decarbonization-equity-and-safety/?submitted=1#thank-you
https://rmi.org/app/uploads/2026/05/RMI-Smarter-MODES-Methodology-V1.2.pdf
https://rmi.org/app/uploads/2026/05/RMI-Smarter-MODES-Methodology-V1.2.pdf
https://www.pca.state.mn.us/sites/default/files/lraq-1sy25.pdf
https://doi.org/10.1016/S0140-6736(17)30505-6
https://doi.org/10.3390/ijerph120505355
https://doi.org/10.1073/pnas.1818859116
https://doi.org/10.1001/jama.285.7.897
https://doi.org/10.1016/j.scitotenv.2023.161761


2026 Minnesota Climate Action Framework — Public health 44 

 
91 Rajagopalan, S., Al-Kindi, S. G., & Brook, R. D. (2018). Air Pollution and Cardiovascular Disease. JACC, 72(17), 2054-2070. 
https://doi.org/10.1016/j.jacc.2018.07.099 
92 Adar, S. D., D’Souza, J., Sheppard, L., et al. (2015). Adopting Clean Fuels and Technologies on School Buses. Pollution and Health Impacts in Children. 
American Journal of Respiratory and Critical Care Medicine, 191(12), 1413-1421. https://doi.org/10.1164/rccm.201410-1924OC 
93 Austin, W., Heutel, G., & Kreisman, D. (2019). School bus emissions, student health and academic performance. Economics of Education Review, 70, 
109-126. https://doi.org/10.1016/j.econedurev.2019.03.002 
94 Gauderman, W. J., Urman, R., Avol, E., et al. (2015). Association of Improved Air Quality with Lung Development in Children. New England Journal of 
Medicine, 372(10), 905-913. https://doi.org/10.1056/NEJMoa1414123 
95 Heaviside, C., Macintyre, H., & Vardoulakis, S. (2017). The Urban Heat Island: Implications for Health in a Changing Environment. Current 
Environmental Health Reports, 4(3), 296-305. https://doi.org/10.1007/s40572-017-0150-3  
96 US Environmental Protection Agency. (2024, August 2). Learn About Heat Island Effects [Overviews and Factsheets]. 
https://www.epa.gov/heatislands/learn-about-heat-island-effects  
97 Ibid. 
98 Hoffman, J. S., Shandas, V., & Pendleton, N. (2020). The Effects of Historical Housing Policies on Resident Exposure to Intra-Urban Heat: A Study of 108 
US Urban Areas. Climate, 8(1), Article 1. https://doi.org/10.3390/cli8010012  
99 Ulpiani, G. (2021). On the linkage between urban heat island and urban pollution island: Three-decade literature review towards a conceptual 
framework. Science of The Total Environment, 751, 141727. https://doi.org/10.1016/j.scitotenv.2020.141727 
100 Zheng, Z., Fong, C. S., Aghamohammadi, N., & Law, Y. K. (2026). A Systematic Review of Urban Heat Island (UHI) Impacts and Mitigation: Health, 
Equity, and Policy. Systems, 14(1), 82. https://doi.org/10.3390/systems14010082  
101 Ibid. 
102 Governors Highway Safety Association. (2024). Pedestrian Traffic Fatalities by State: 2023 Preliminary Data. 
https://www.ghsa.org/sites/default/files/2024-11/2023%20Pedestrian%20Traffic%20Fatalities%20by%20State.pdf  
103 Minnesota Department of Public Safety. (2025). Minnesota Motor Vehicle Crash Facts 2023. Office of Traffic Safety, Minnesota Department of Public 
Safety. https://s3.us-east-2.amazonaws.com/assets.dps.mn.gov/s3fs-public/2023_Minnesota_Crash_Facts.pdf  
104 Minnesota Department of Public Safety. (Forthcoming in 2026). Minnesota Motor Vehicle Crash Facts 2024. Office of Traffic Safety, Minnesota 
Department of Public Safety. 
105 Moravec, M., Grunwald, B., Veysey, D., Warsing, R., & Lombardi, J. (2026). Smarter MODES Calculator: Smarter Mobility Options for Decarbonization, 
Equity, and Safety (Version 1.2). https://rmi.org/resources/smarter-modes-calculator-smarter-mobility-options-for-decarbonization-equity-and-
safety/?submitted=1#thank-you 
106Smarter MODES Tool User Guide & Methodology V1.2. (n.d.). Rocky Mountain Institute. Retrieved https://rmi.org/app/uploads/2026/05/RMI-
Smarter-MODES-Methodology-V1.2.pdf 
107 Jacobsen, P. L. (2003). Safety in numbers: More walkers and bicyclists, safer walking and bicycling. Injury Prevention, 9(3), 205-209. 
https://doi.org/10.1136/ip.9.3.205  
108 Gotschi, T. (2011). Costs and Benefits of Bicycling Investments in Portland, Oregon. Journal of Physical Activity and Health, 8(s1), S49-S58. 
https://doi.org/10.1123/jpah.8.s1.s49  
109 Heutschi, K., Bühlmann, E., Oertli, J. (2016). Options for reducing noise from roads and railway lines. Transportation Research Part A: Policy and 
Practice 94, 308-322. https://doi.org/10.1016/j.tra.2016.09.019 
110Khan, J., Ketzel, M., Kakosimos, K., et al. (2018). Road traffic air and noise pollution exposure assessment — A review of tools and techniques. Science 
of The Total Environment 634, 661-676. https://doi.org/10.1016/j.scitotenv.2018.03.374 
111 Fyhri, A., & Aasvang, G. M. (2010). Noise, sleep and poor health: Modeling the relationship between road traffic noise and cardiovascular problems. 
Science of The Total Environment, 408(21), 4935-4942. https://doi.org/10.1016/j.scitotenv.2010.06.057 
112Arregi, A., Vegas, O., Lertxundi, A., et al.. (2024). Road traffic noise exposure and its impact on health: evidence from animal and human studies —
chronic stress, inflammation, and oxidative stress as key components of the complex downstream pathway underlying noise-induced non-auditory 
health effects. Environ Sci Pollut Res Int 31, 46820-46839. https://doi.org/10.1007/s11356-024-33973-9 
113 Arenas, J. P. (2025). On the impact of electric vehicle transition on urban noise pollution. Current Opinion in Environmental Science & Health, 45, 
100623. https://doi.org/10.1016/j.coesh.2025.100623  
114 Rachele, J. N., Sugiyama, T., Turrell, G., et al. (2018). Automobile dependence: A contributing factor to poorer health among lower-income 
households. Journal of Transport & Health, 8, 123-128. https://doi.org/10.1016/j.jth.2017.11.149  
115 Moravec, M., Grunwald, B., Veysey, D., et al. (2024). Smarter MODES Calculator: Smarter Mobility Options for Decarbonization, Equity, and Safety. 
Rocky Mountain Institute. Rocky Mountain Institute. https://rmi.org/resources/smarter-modes-calculator-smarter-mobility-options-for-decarbonization-
equity-and-safety/ 
116 Yingling, F., et al. (2023). Centering the Margins: The Transportation Experience of Underserved Communities. Minnesota Department of 
Transportation. https://hdl.handle.net/11299/257263  

 

https://doi.org/10.1016/j.jacc.2018.07.099
https://doi.org/10.1164/rccm.201410-1924OC
https://doi.org/10.1016/j.econedurev.2019.03.002
https://doi.org/10.1056/NEJMoa1414123
https://doi.org/10.1007/s40572-017-0150-3
https://www.epa.gov/heatislands/learn-about-heat-island-effects
https://doi.org/10.3390/cli8010012
https://doi.org/10.1016/j.scitotenv.2020.141727
https://doi.org/10.3390/systems14010082
https://www.ghsa.org/sites/default/files/2024-11/2023%20Pedestrian%20Traffic%20Fatalities%20by%20State.pdf
https://s3.us-east-2.amazonaws.com/assets.dps.mn.gov/s3fs-public/2023_Minnesota_Crash_Facts.pdf
https://rmi.org/resources/smarter-modes-calculator-smarter-mobility-options-for-decarbonization-equity-and-safety/?submitted=1#thank-you
https://rmi.org/resources/smarter-modes-calculator-smarter-mobility-options-for-decarbonization-equity-and-safety/?submitted=1#thank-you
https://rmi.org/app/uploads/2026/05/RMI-Smarter-MODES-Methodology-V1.2.pdf
https://rmi.org/app/uploads/2026/05/RMI-Smarter-MODES-Methodology-V1.2.pdf
https://doi.org/10.1136/ip.9.3.205
https://doi.org/10.1123/jpah.8.s1.s49
https://doi.org/10.1016/j.tra.2016.09.019
https://doi.org/10.1016/j.scitotenv.2018.03.374
https://doi.org/10.1016/j.scitotenv.2010.06.057
https://doi.org/10.1007/s11356-024-33973-9
https://doi.org/10.1016/j.coesh.2025.100623
https://doi.org/10.1016/j.jth.2017.11.149
https://rmi.org/resources/smarter-modes-calculator-smarter-mobility-options-for-decarbonization-equity-and-safety/
https://rmi.org/resources/smarter-modes-calculator-smarter-mobility-options-for-decarbonization-equity-and-safety/
https://hdl.handle.net/11299/257263


2026 Minnesota Climate Action Framework — Public health 45 

 
117 Henning-Smith, C., Jacobson, I., & Lahr, M. (2024). Aging in Rural Minnesota: A comparative analysis of data and policy impacting aging in Minnesota 
rural and urban regions. Rural Health Research Center, University of Minnesota. https://mn4a.org/wp-content/uploads/2024/11/Aging-in-Minnesota-
Report.pdf  
118 Zuniga, C. B., Boateng, I. A., & Greenberg, P. (2025). Miles Apart- The Needed Bridge Between Social Isolation and Transportation: The Case Of Central 
Minnesota. Innovation in Aging, 9(Supplement_2), igaf122.3117. https://doi.org/10.1093/geroni/igaf122.3117 
119 Henning-Smith, C., Worrall, C., Klabunde, M., & Fan, Y. (2020). The Role of Transportation in Addressing Social Isolation in Older Adults. The National 
Center for Mobility Management. https://www.ccam-tac.org/wp-content/uploads/2020/06/FINAL_CONDENSED_SOCIAL-ISOLATION-RESEARCH-
PAPER.pdf 
120 MacLeod, K.E., Kamruzzaman, L., Musselwhite, C. (2022). Transport and health equity, social inclusion and exclusion. Journal of Transport & Health, 
27, 101543. https://doi.org/10.1016/j.jth.2022.101543 
121 US Federal Highway Administration. (2025). Licensed Drivers by Sex and Ratio to Population — 2022. Table DL-1C - Highway Statistics 2022 - Policy. 
https://www.fhwa.dot.gov/policyinformation/statistics/2022/dl1c.cfm  
122 Holt-Lunstad, J. (2022). Social Connection as a Public Health Issue: The Evidence and a Systemic Framework for Prioritizing the “Social” in Social 
Determinants of Health. Annual Review of Public Health 43, 193-213. https://doi.org/10.1146/annurev-publhealth-052020-110732 
123 Steptoe, A., Shankar, A., Demakakos, P., Wardle, J. (2013). Social isolation, loneliness, and all-cause mortality in older men and women. Proceedings 
of the National Academy of Sciences 110, 5797-5801. https://doi.org/10.1073/pnas.1219686110 
124 Kafeety, A., Henderson, S.B., Lubik, A., et al. (2020). Social connection as a public health adaptation to extreme heat events. Can J Public Health 111, 
876-879. https://doi.org/10.17269/s41997-020-00309-2  
125 U.S. Census Bureau, U.S. Department of Commerce. (n.d.). All HPS Indicators for Phase 4.0 and Later [Dataset]. Household Pulse Survey, HPS High 
Frequency Social and Economic Data, Table HPS01. Retrieved June 26, 2026, from 
https://data.census.gov/table/HHPULSETIMESERIES.HPS01?t=Income%20and%20Poverty&g=040XX00US27  
126 Lucas, K. (2012). Transport and social exclusion: Where are we now? Transport Policy, 20, 105-113. https://doi.org/10.1016/j.tranpol.2012.01.013 
127 Stanley, J. K., Hensher, D. A., Stanley, J. R., & Vella-Brodrick, D. (2011). Mobility, social exclusion and well-being: Exploring the links. Transportation 
Research Part A: Policy and Practice, 45(8), 789-801. https://doi.org/10.1016/j.tra.2011.06.007  
128 Du, Y., Sun, G., Choe, E. Y., & Kwan, M.-P. (2022). Mediation effects of social isolation on pathways connecting public transport use with subjective 
wellbeing among older people. Journal of Transport & Health, 25, 101378. https://doi.org/10.1016/j.jth.2022.101378  
129 Beuoy, A., Hall, J. P., Kurth, N. K., & Goddard, K. S. (2025). The moderating effects of perceived transportation access on health and social 
connectedness for people with disabilities. Journal of Transport & Health, 44, 102165. https://doi.org/10.1016/j.jth.2025.102165  
130 Holt-Lunstad, J. (2022). Social Connection as a Public Health Issue: The Evidence and a Systemic Framework for Prioritizing the “Social” in Social 
Determinants of Health. Annual Review of Public Health 43, 193-213. https://doi.org/10.1146/annurev-publhealth-052020-110732 
131 Kafeety, A., Henderson, S.B., Lubik, A., et al. (2020). Social connection as a public health adaptation to extreme heat events. Can J Public Health 111, 
876-879. https://doi.org/10.17269/s41997-020-00309-2  
132 Minnesota Department of Transportation. (2025). Rethinking I-94 — Minneapolis to St. Paul. Let’s Talk Transportation - MnDOT. 
https://talk.dot.state.mn.us/rethinking-i94  
133 Swanson, A., & Bouchareb, H. (2025). The air we breathe: The state of Minnesota’s air quality, 2025. Minnesota Pollution Control Agency. 
https://www.pca.state.mn.us/sites/default/files/lraq-1sy25.pdf 
134 Roll, J., & McNeil, N. (2022). Race and income disparities in pedestrian injuries: Factors influencing pedestrian safety inequity. Transportation 
Research Part D: Transport and Environment, 107, 103294. https://doi.org/10.1016/j.trd.2022.103294 
135 Khreis, H., Warsow, K. M., Verlinghieri, E., et al. (2016). The health impacts of traffic-related exposures in urban areas: Understanding real effects, 
underlying driving forces and co-producing future directions. Journal of Transport & Health, 3(3), 249-267. https://doi.org/10.1016/j.jth.2016.07.002 
136 Pratt, G. C., Vadali, M. L., Kvale, D. L., & Ellickson, K. M. (2015). Traffic, Air Pollution, Minority and Socio-Economic Status: Addressing Inequities in 
Exposure and Risk. International Journal of Environmental Research and Public Health, 12(5), 5355-5372. https://doi.org/10.3390/ijerph120505355 
137 Minnesota Pollution Control Agency. (2020). Statement of Need and Reasonableness: Proposed Revisions to Minnesota Rules, chapter 7023, Adopting 
Vehicle Greenhouse Gas Emissions Standards (Clean Cars Minnesota) (Aq-Rule4-10m). https://www.lrl.mn.gov/archive/sonar/SONAR-04626.pdf 
138Pratt, G.C., Vadali, M.L., Kvale, D.L., Ellickson, K.M. (2015). Traffic, Air Pollution, Minority and Socio-Economic Status: Addressing Inequities in 
Exposure and Risk. Int J Environ Res Public Health 12, 5355-5372. https://doi.org/10.3390/ijerph120505355 
139 Fleming, K.L. (2018). Social Equity Considerations in the New Age of Transportation: Electric, Automated, and Shared Mobility. Journal of Science 
Policy and Governance 13. 
140 Tessum, C. W., Apte, J. S., Goodkind, A. L., et al. (2019). Inequity in consumption of goods and services adds to racial-ethnic disparities in air pollution 
exposure. Proceedings of the National Academy of Sciences, 116(13), 6001-6006. https://doi.org/10.1073/pnas.1818859116 
141 Minnesota Pollution Control Agency, & Minnesota Department of Commerce. (2025). Greenhouse gas emissions in Minnesota 2005 to 2022: Biennial 
inventory report tracking the state’s greenhouse gas emissions contributing to climate change (Lraq-3sy25). Minnesota Pollution Control Agency. 
https://www.pca.state.mn.us/sites/default/files/lraq-3sy25.pdf 

 

https://mn4a.org/wp-content/uploads/2024/11/Aging-in-Minnesota-Report.pdf
https://mn4a.org/wp-content/uploads/2024/11/Aging-in-Minnesota-Report.pdf
https://doi.org/10.1093/geroni/igaf122.3117
https://www.ccam-tac.org/wp-content/uploads/2020/06/FINAL_CONDENSED_SOCIAL-ISOLATION-RESEARCH-PAPER.pdf
https://www.ccam-tac.org/wp-content/uploads/2020/06/FINAL_CONDENSED_SOCIAL-ISOLATION-RESEARCH-PAPER.pdf
https://doi.org/10.1016/j.jth.2022.101543
https://www.fhwa.dot.gov/policyinformation/statistics/2022/dl1c.cfm
https://doi.org/10.1146/annurev-publhealth-052020-110732
https://doi.org/10.1073/pnas.1219686110
https://doi.org/10.17269/s41997-020-00309-2
https://data.census.gov/table/HHPULSETIMESERIES.HPS01?t=Income%20and%20Poverty&g=040XX00US27
https://doi.org/10.1016/j.tranpol.2012.01.013
https://doi.org/10.1016/j.tra.2011.06.007
https://doi.org/10.1016/j.jth.2022.101378
https://doi.org/10.1016/j.jth.2025.102165
https://doi.org/10.1146/annurev-publhealth-052020-110732
https://doi.org/10.17269/s41997-020-00309-2
https://talk.dot.state.mn.us/rethinking-i94
https://www.pca.state.mn.us/sites/default/files/lraq-1sy25.pdf
https://doi.org/10.1016/j.trd.2022.103294
https://doi.org/10.1016/j.jth.2016.07.002
https://doi.org/10.3390/ijerph120505355
https://www.lrl.mn.gov/archive/sonar/SONAR-04626.pdf
https://doi.org/10.3390/ijerph120505355
https://doi.org/10.1073/pnas.1818859116
https://www.pca.state.mn.us/sites/default/files/lraq-3sy25.pdf


2026 Minnesota Climate Action Framework — Public health 46 

 
142 Minnesota Department of Agriculture. (2015). Minnesota Nitrogen Fertilizer Management Plan. Minnesota Department of Agriculture. 
https://www.mda.state.mn.us/pesticide-fertilizer/minnesota-nitrogen-fertilizer-management-plan 
143 Minnesota Pollution Control Agency. (2026). Nitrogen. https://www.pca.state.mn.us/pollutants-and-contaminants/nitrogen 
144 Minnesota Department of Health. (2026, June 5). Nitrate in Drinking Water. 
https://www.health.state.mn.us/communities/environment/water/contaminants/nitrate.html 
145 Ward, M. H., Jones, R. R., Brender, J. D., et al. (2018). Drinking Water Nitrate and Human Health: An Updated Review. International Journal of 
Environmental Research and Public Health, 15(7), 1557. https://doi.org/10.3390/ijerph15071557 
146 Minnesota Pollution Control Agency. (2026). Nitrogen. https://www.pca.state.mn.us/pollutants-and-contaminants/nitrogen 
147 U.S. Department of Agriculture Risk Management Agency. (2024, May 5). Minnesota State Profile — 2019. About Crop Insurance. 
https://www.rma.usda.gov/about-crop-insurance/fact-sheets/minnesota-state-profile-2019 
148 U.S. Department of Agriculture Risk Management Agency. (n.d.). State/County/Crop Summary of Business. Tools and Reports. Retrieved June 26, 
2026, from https://www.rma.usda.gov/tools-reports/summary-of-business/state-county-crop-summary-business 
149 Minnesota Department of Agriculture. (2024, April 18). Help is Available for Minnesota Producers Facing Times of Stress. 
https://www.mda.state.mn.us/help-available-minnesota-producers-facing-times-stress 
150 University of Minnesota Extension. (2025, April 3). Minnesota farm incomes decline again in 2024. https://extension.umn.edu/ag-business-
management-news/minnesota-farm-incomes-decline-again-2024 
151 Minnesota Department of Agriculture. (n.d.). 2021 Agricultural Drought Relief Program. Retrieved June 26, 2026, from 
https://www.mda.state.mn.us/droughtrelief 
152 University of Minnesota Extension. (2025, April 3). Minnesota farm incomes decline again in 2024. https://extension.umn.edu/ag-business-
management-news/minnesota-farm-incomes-decline-again-2024 
153 Ayoub, S. (2026, February 9). Farm Bankruptcies Continued to Climb in 2025. Farm Bureau. https://www.fb.org/market-intel/farm-bankruptcies-
continued-to-climb-in-2025 
154 Industrial Economics, University of Minnesota Climate Adaptation Partnership, Consensus Building Institute, & Two Degrees Adapt. (2026). Minnesota 
Climate Adaptation and Resilience Cost Study (Document No. lrcc-Mn-1sy26). Minnesota Pollution Control Agency. 
https://www.pca.state.mn.us/sites/default/files/lrcc-mn-1sy26.pdf 
155 Kwakye, S., Garg, A., LaBine, K., et al. (2026). Effect of soil health management on soil water storage for climate resilience. Agrosystems, Geosciences 
& Environment, 9(1), e70322. https://doi.org/10.1002/agg2.70322 
156 Lengnick, L. (2018). Cultivating Climate Resilience on Farms and Ranches (A 94.19/3:C 61; Opportunities in Agriculture). Sustainable Agriculture 
Research and Education. https://www.climatehubs.usda.gov/sites/default/files/cultivating_climate_resilience_on_farms_and_ranches.pdf 
157 Minnesota Department of Agriculture. (2025, May 7). Conservation Efforts Pay Off in Higher Profits for Minnesota Farmers. 
https://www.mda.state.mn.us/conservation-efforts-pay-higher-profits-minnesota-farmers 
158 U.S. Department of Agriculture Economic Research Service. (2025, March 11). State Fact Sheets — State Data — Minnesota. 
https://data.ers.usda.gov/reports.aspx?ID=4035&StateFIPS=27&StateName=Minnesota 
159 U.S. Department of Agriculture Economic Research Service. (2026, March 30). Food Security in the U.S. - Measurement. 
https://www.ers.usda.gov/topics/food-nutrition-assistance/food-security-in-the-us/measurement#insecurity 
160 Thomas, M. K., Lammert, L. J., & Beverly, E. A. (2021). Food Insecurity and its Impact on Body Weight, Type 2 Diabetes, Cardiovascular Disease, and 
Mental Health. Current Cardiovascular Risk Reports, 15(9), 15. https://doi.org/10.1007/s12170-021-00679-3 
161 Gundersen, C., & Ziliak, J. P. (2015). Food Insecurity and Health Outcomes. Health Affairs, 34(11), 1830-1839. 
https://doi.org/10.1377/hlthaff.2015.0645 
162 Ibid. 
163 Romanello, M. et al. (2024). The 2024 report of the Lancet Countdown on health and climate change: Facing record-breaking threats from delayed 
action. The Lancet, 404(10465), 1847-1896. https://doi.org/10.1016/S0140-6736(24)01822-1 
164 Industrial Economics, University of Minnesota Climate Adaptation Partnership, Consensus Building Institute, & Two Degrees Adapt. (2026). Minnesota 
Climate Adaptation and Resilience Cost Study (Document No. lrcc-Mn-1sy26). Minnesota Pollution Control Agency. 
https://www.pca.state.mn.us/sites/default/files/lrcc-mn-1sy26.pdf 
165 Begna, T., & Wakweya, R. B. (2026). Mitigating climate change impacts on food security via climate-smart agriculture. Plant Stress, 19, 101152. 
https://doi.org/10.1016/j.stress.2025.101152 
166 Lengnick, L. (2018). Cultivating Climate Resilience on Farms and Ranches (A 94.19/3:C 61; Opportunities in Agriculture). Sustainable Agriculture 
Research and Education. https://www.climatehubs.usda.gov/sites/default/files/cultivating_climate_resilience_on_farms_and_ranches.pdf 
167 Spalding, A. (2024, March 21). 2022 Census of Agriculture: Agricultural Census shows strong growth in direct sales from farms and ranches. Charts of 
Note. https://www.ers.usda.gov/data-products/charts-of-note/108821 
168 Keegan, S., Reis, K., Roiko, A., & Desha, C. (2024). Exploring resilience concepts and strategies within regional food systems: A systematic literature 
review. Food Security, 16(3), 801-825. https://doi.org/10.1007/s12571-023-01418-9 

 

https://www.mda.state.mn.us/pesticide-fertilizer/minnesota-nitrogen-fertilizer-management-plan
https://www.pca.state.mn.us/pollutants-and-contaminants/nitrogen
https://www.health.state.mn.us/communities/environment/water/contaminants/nitrate.html
https://doi.org/10.3390/ijerph15071557
https://www.pca.state.mn.us/pollutants-and-contaminants/nitrogen
https://www.rma.usda.gov/about-crop-insurance/fact-sheets/minnesota-state-profile-2019
https://www.rma.usda.gov/tools-reports/summary-of-business/state-county-crop-summary-business
https://www.mda.state.mn.us/help-available-minnesota-producers-facing-times-stress
https://extension.umn.edu/ag-business-management-news/minnesota-farm-incomes-decline-again-2024
https://extension.umn.edu/ag-business-management-news/minnesota-farm-incomes-decline-again-2024
https://www.mda.state.mn.us/droughtrelief
https://extension.umn.edu/ag-business-management-news/minnesota-farm-incomes-decline-again-2024
https://extension.umn.edu/ag-business-management-news/minnesota-farm-incomes-decline-again-2024
https://www.fb.org/market-intel/farm-bankruptcies-continued-to-climb-in-2025
https://www.fb.org/market-intel/farm-bankruptcies-continued-to-climb-in-2025
https://www.pca.state.mn.us/sites/default/files/lrcc-mn-1sy26.pdf
https://doi.org/10.1002/agg2.70322
https://www.climatehubs.usda.gov/sites/default/files/cultivating_climate_resilience_on_farms_and_ranches.pdf
https://www.mda.state.mn.us/conservation-efforts-pay-higher-profits-minnesota-farmers
https://data.ers.usda.gov/reports.aspx?ID=4035&StateFIPS=27&StateName=Minnesota
https://www.ers.usda.gov/topics/food-nutrition-assistance/food-security-in-the-us/measurement#insecurity
https://doi.org/10.1007/s12170-021-00679-3
https://doi.org/10.1377/hlthaff.2015.0645
https://doi.org/10.1016/S0140-6736(24)01822-1
https://www.pca.state.mn.us/sites/default/files/lrcc-mn-1sy26.pdf
https://doi.org/10.1016/j.stress.2025.101152
https://www.climatehubs.usda.gov/sites/default/files/cultivating_climate_resilience_on_farms_and_ranches.pdf
https://www.ers.usda.gov/data-products/charts-of-note/108821
https://doi.org/10.1007/s12571-023-01418-9


2026 Minnesota Climate Action Framework — Public health 47 

 
169 Local and Regional Food Systems. (2026). National Institute of Food and Agriculture, U.S. Department of Agriculture. 
https://www.nifa.usda.gov/topics/local-regional-food-systems 
170 Enthoven, L., & Van Den Broeck, G. (2021). Local food systems: Reviewing two decades of research. Agricultural Systems, 193, 103226. 
https://doi.org/10.1016/j.agsy.2021.103226 
171 Kuhnlein, H. V., Erasums, B., & Spigelski, D. (Eds.). (2009). Indigenous Peoples’ food systems: The many dimensions of culture, diversity and 
environment for nutrition and health. Food and Agriculture Organization of the United Nations Centre for Indigenous Peoples’ Nutrition and 
Environment. https://www.fao.org/4/i0370e/i0370e00.htm 
172 Stults, M., Peterson, S., Bell, J., et al. (2016). Climate Change Vulnerability Assessment and Adaptation Plan: 1854 Ceded Territory Including the Bois 
Forte, Fond du Lac, and Grand Portage Reservations. Duluth, MN: 1854 Ceded Territory. 
https://www.1854treatyauthority.org/images/ClimateAdaptationPlan_Final-July_2016-optimized(1).pdf 
173 Minnesota Board of Water and Soil Resources. (2024, February). Peatlands restoration potential sparks research, conservation. Snapshots. 
https://bwsr.state.mn.us/sites/default/files/2024-01/snapshots_story_1_february_2024_peatlands.pdf 
174 Minnesota Pollution Control Agency, & Minnesota Department of Commerce. (2025). Greenhouse gas emissions in Minnesota 2005 to 2022: Biennial 
inventory report tracking the state’s greenhouse gas emissions contributing to climate change (Lraq-3sy25). Minnesota Pollution Control Agency. 
https://www.pca.state.mn.us/sites/default/files/lraq-3sy25.pdf 
175 Minnesota Pollution Control Agency. (2026). Wetland quality. Minnesota Pollution Control Agency. Water Quality. https://www.pca.state.mn.us/air-
water-land-climate/wetland-quality 
176 Loisel, J., & Gallego-Sala, A. (2022). Ecological resilience of restored peatlands to climate change. Communications Earth & Environment, 3(1), 208. 
https://doi.org/10.1038/s43247-022-00547-x 
177 Strock, J. S., Johnson, J. M. F., Tollefson, D., & Ranaivoson, A. (2022). Rapid change in soil properties after converting grasslands to crop production. 
Agronomy Journal, 114(3), 1642-1654. https://doi.org/10.1002/agj2.21045 
178 Cowdery, T. K., Christenson, C. A., & Ziegeweid, J. R. (2019). The hydrologic benefits of wetland and prairie restoration in Minnesota — Lessons 
learned at the Glacial Ridge National Wildlife Refuge, 2002-15 (Scientific Investigations Report Nos. 2019-5041). U.S. Geological Survey. 
https://doi.org/10.3133/sir20195041 
179 Suttles, K. M., Eagle, A. J., & McLellan, E. L. (2021). Upstream Solutions to Downstream Problems: Investing in Rural Natural Infrastructure for Water 
Quality Improvement and Flood Risk Mitigation. Water, 13(24), 3579. https://doi.org/10.3390/w13243579 
180 Minnesota Department of Natural Resources. (2026). For the sake of peat: Peatland Resilience Initiative in Minnesota. 
https://www.dnr.state.mn.us/wetlands/peatland-resilience-initiative.html 
181 Niles, M. T., Wirkkala, K. B., Belarmino, E. H., & Bertmann, F. (2021). Home food procurement impacts food security and diet quality during COVID-19. 
BMC Public Health, 21(1), 945. https://doi.org/10.1186/s12889-021-10960-0 
182 Smith, E., Ahmed, S., Dupuis, V., et al. (2019). Contribution of Wild Foods to Diet, Food Security, and Cultural Values Amidst Climate Change. Journal 
of Agriculture, Food Systems, and Community Development, 9(B), 191-214. https://doi.org/10.5304/jafscd.2019.09B.011  
183 Strazdiņa, V., Jemeļjanovs, A., & Šterna, V. (2013). Nutrition Value of Wild Animal Meat. Proceedings of the Latvian Academy of Sciences. Section B. 
Natural, Exact, and Applied Sciences., 67(4-5), 373-377. https://doi.org/10.2478/prolas-2013-0074 
184 The Nature Conservancy. (n.d.). Rinse and Re-Peat: Restoring Minnesota’s Peatlands for Climate & Water. Stories in Minnesota. Retrieved June 25, 
2026, from https://www.nature.org/en-us/about-us/where-we-work/united-states/minnesota/stories-in-minnesota/peatland-restoration-study/ 
185 Weiskopf, G. (2024, December 4). Measuring the effects of fire in northern Minnesota peatlands. Forest Service, U.S. Department of Agriculture. 
https://www.fs.usda.gov/inside-fs/delivering-mission/sustain/measuring-effects-fire-northern-minnesota-peatlands 
186 GLIFWC Climate Change Team. (2023). Aanji-bimaadiziimagak o’ow aki (Vulnerability Assessment Version 2). Great Lakes Indian Fish and Wildlife 
Commission. https://glifwc.org/ClimateChange/VulnerabilityAssessment.html 
187 Schuldt, N., Ballinger, J., Crowe, N., et al. (2018). Expanding the Narrative of Tribal Health: The Effects of Wild Rice Water Quality Rule Changes on 
Tribal Health. Fond du Lac Band of Lake Superior Chippewa Resource Management Division. 
https://hia.communitycommons.org/cc_resource/expanding-the-narrative-of-tribal-health-the-effects-of-wild-rice-water-quality-rule-changes-on-tribal-
health/ 
188 Minnesota Pollution Control Agency, & Minnesota Department of Commerce. (2025). Greenhouse gas emissions in Minnesota 2005 to 2022: Biennial 
inventory report tracking the state’s greenhouse gas emissions contributing to climate change (Lraq-3sy25). Minnesota Pollution Control Agency. 
https://www.pca.state.mn.us/sites/default/files/lraq-3sy25.pdf 
189 Ibid. 
190 Minnesota Department of Natural Resources. (2023). Forests and Carbon in Minnesota: Opportunities for Mitigating Climate Change. Minnesota 
Department of Natural Resources. https://files.dnr.state.mn.us/aboutdnr/reports/legislative/2023/forests-carbon-minnesota-opportunities-for-
mitigating-climate-chante.pdf 
191 Zheng, Z., Fong, C. S., Aghamohammadi, N., & Law, Y. K. (2026). A Systematic Review of Urban Heat Island (UHI) Impacts and Mitigation: Health, 
Equity, and Policy. Systems, 14(1), 82. https://doi.org/10.3390/systems14010082 
192 Sinha, P., Coville, R. C., Hirabayashi, S., et al. (2021). Modeling lives saved from extreme heat by urban tree cover. Ecological Modelling, 449, 109553. 
https://doi.org/10.1016/j.ecolmodel.2021.109553 

 

https://www.nifa.usda.gov/topics/local-regional-food-systems
https://doi.org/10.1016/j.agsy.2021.103226
https://www.fao.org/4/i0370e/i0370e00.htm
https://www.1854treatyauthority.org/images/ClimateAdaptationPlan_Final-July_2016-optimized(1).pdf
https://bwsr.state.mn.us/sites/default/files/2024-01/snapshots_story_1_february_2024_peatlands.pdf
https://www.pca.state.mn.us/sites/default/files/lraq-3sy25.pdf
https://www.pca.state.mn.us/air-water-land-climate/wetland-quality
https://www.pca.state.mn.us/air-water-land-climate/wetland-quality
https://doi.org/10.1038/s43247-022-00547-x
https://doi.org/10.1002/agj2.21045
https://doi.org/10.3133/sir20195041
https://doi.org/10.3390/w13243579
https://www.dnr.state.mn.us/wetlands/peatland-resilience-initiative.html
https://doi.org/10.1186/s12889-021-10960-0
https://doi.org/10.5304/jafscd.2019.09B.011
https://doi.org/10.2478/prolas-2013-0074
https://www.nature.org/en-us/about-us/where-we-work/united-states/minnesota/stories-in-minnesota/peatland-restoration-study/
https://www.fs.usda.gov/inside-fs/delivering-mission/sustain/measuring-effects-fire-northern-minnesota-peatlands
https://glifwc.org/ClimateChange/VulnerabilityAssessment.html
https://hia.communitycommons.org/cc_resource/expanding-the-narrative-of-tribal-health-the-effects-of-wild-rice-water-quality-rule-changes-on-tribal-health/
https://hia.communitycommons.org/cc_resource/expanding-the-narrative-of-tribal-health-the-effects-of-wild-rice-water-quality-rule-changes-on-tribal-health/
https://www.pca.state.mn.us/sites/default/files/lraq-3sy25.pdf
https://files.dnr.state.mn.us/aboutdnr/reports/legislative/2023/forests-carbon-minnesota-opportunities-for-mitigating-climate-chante.pdf
https://files.dnr.state.mn.us/aboutdnr/reports/legislative/2023/forests-carbon-minnesota-opportunities-for-mitigating-climate-chante.pdf
https://doi.org/10.3390/systems14010082
https://doi.org/10.1016/j.ecolmodel.2021.109553


2026 Minnesota Climate Action Framework — Public health 48 

 
193 Yin, S., Peng, L. L. H., Feng, N., et al. (2022). Spatial-temporal pattern in the cooling effect of a large urban forest and the factors driving it. Building 
and Environment, 209, 108676. https://doi.org/10.1016/j.buildenv.2021.108676 
194 Barnes, M. L., Zhang, Q., Robeson, S. M., et al. (2024). A century of reforestation reduced anthropogenic warming in the Eastern United States. Earth's 
Future, 12, e2023EF003663. https://doi.org/10.1029/2023EF003663 
195 U.S. Census Bureau, U.S. Department of Commerce. (n.d.). All HPS Indicators for Phase 4.0 and Later [Dataset]. Household Pulse Survey, HPS High 
Frequency Social and Economic Data, Table HPS01. Retrieved June 26, 2026, from 
https://data.census.gov/table/HHPULSETIMESERIES.HPS01?t=Income%20and%20Poverty&g=040XX00US27 
196 Cooling degree days measure how much higher the outdoor temperatures are than a comfortable indoor temperature, and thus how many days and 
by how many degrees a building must be cooled. 
197 U.S. Environmental Protection Agency. (2025, January 15). Climate Change Indicators: Heating and Cooling Degree Days. 
https://19january2025snapshot.epa.gov/climate-indicators/climate-change-indicators-heating-and-cooling-degree-days/index.html 
198 Graff, M., Konisky, D. M., Carley, S., & Memmott, T. (2022). Climate Change and Energy Insecurity: A Growing Need for Policy Intervention. 
Environmental Justice, 15(2). https://www.liebertpub.com/doi/epub/10.1089/env.2021.0032 
199 Siegel, E. L., Lane, K., Yuan, A., et al. (2024). Energy Insecurity Indicators Associated With Increased Odds Of Respiratory, Mental Health, And 
Cardiovascular Conditions. Health Affairs, 43(2), 260-268. https://doi.org/10.1377/hlthaff.2023.01052 
200 Reames, T. G., Daley, D. M., & Pierce, J. C. (2021). Exploring the Nexus of Energy Burden, Social Capital, and Environmental Quality in Shaping Health 
in US Counties. International Journal of Environmental Research and Public Health, 18(2), 620. https://doi.org/10.3390/ijerph18020620 
201 Cook, J. T., Frank, D. A., Casey, P. H., et al. (2008). A Brief Indicator of Household Energy Security: Associations With Food Security, Child Health, and 
Child Development in US Infants and Toddlers. Pediatrics, 122(4), e867-e875. https://doi.org/10.1542/peds.2008-0286 
202 Nowak, D. J., Hirabayashi, S., Bodine, A., & Greenfield, E. (2014). Tree and forest effects on air quality and human health in the United States. Environ 
Pollut, 193, 119-129. https://doi.org/10.1016/j.envpol.2014.05.028  
203 Ravazdezh, F., & Rivers, N. (2025). Quasi-experimental evidence that the urban tree canopy reduces residential energy consumption. Energy and 
Buildings, 344, 115992. https://doi.org/10.1016/j.enbuild.2025.115992 
204 Minnesota Department of Natural Resources. (2026). Energy conservation through trees- Tree care. Minnesota Department of Natural Resources. 
https://www.dnr.state.mn.us/treecare/energy/index.html 
205 Makar, P. A., Staebler, R. M., Akingunola, A., et al. (2017). The effects of forest canopy shading and turbulence on boundary layer ozone. Nature 
Communications, 8(1), 15243. https://doi.org/10.1038/ncomms15243 
206 Landis, J. D. (2025). Storage and Export of Atmospheric Hg, Pb, Al, and Fine Particulate Matter (PM2.5) from Forest Trees. Environmental Science & 
Technology, 59(45), 24441-24450. https://doi.org/10.1021/acs.est.5c11154 
207 Wolf, K. L., Lam, S. T., McKeen, J. K., et al. (2020). Urban trees and human health: A scoping review. Int J Environ Res Public Health, 17(12), 4371. 
https://doi.org/10.3390/ijerph17124371  
208 Sample, M., Thode, A. E., Peterson, C., et al. (2022). Adaptation Strategies and Approaches for Managing Fire in a Changing Climate. Climate, 10(4), 
58. https://doi.org/10.3390/cli10040058 
209 Kelp, M., Burke, M., Qiu, M., et al. (2025). Effect of Recent Prescribed Burning and Land Management on Wildfire Burn Severity and Smoke Emissions 
in the Western United States. AGU Advances, 6(3), e2025AV001682. https://doi.org/10.1029/2025AV001682 
210 Minnesota Department of Natural Resources. (n.d.). Forests for clean water. Minnesota Department of Natural Resources. Retrieved June 17, 2026, 
from https://www.dnr.state.mn.us/trees/forests-clean-water.html 
211 Ibid. 
212 Ernst, C. (2004). Protecting the Source. Trust for Public Land. https://www.tpl.org/resource/protecting-source 
213 University of Wisconsin Population Health Institute. (2023, May 5). Green space & parks. County Health Rankings & Roadmaps. 
https://www.countyhealthrankings.org/strategies-and-solutions/what-works-for-health/strategies/green-space-parks 
214 Wolch, J., Jerrett, M., Reynolds, K., et al. (2011). Childhood obesity and proximity to urban parks and recreational resources: a longitudinal cohort 
study. Health Place, 17(1), 207-214. https://doi.org/10.1016/j.healthplace.2010.10.001  
215 McDonald, R. I., Beatley, T., & Elmqvist, T. (2018). The green soul of the concrete jungle: The urban century, the urban psychological penalty, and the 
role of nature. Sustainable Earth, 1(1), 1-13. https://doi.org/10.1186/s42055-018-0002-5  
216 Nowak, D. J., & Greenfield, E. J. (2018). US urban forest statistics, values, and projections, J For, 116(2), 164-177. 
https://doi.org/10.1093/jofore/fvx004  
217 McDonald, R. I., Kroeger, T., Zhang, P., & Hamel, P. (2020). The value of US urban tree cover for reducing heat-related health impacts and electricity 
consumption. Ecosystems, 23, 137-150. https://link.springer.com/article/10.1007/s10021-019-00395-5  
218 Minnesota Department of Natural Resources. (2026). Climate trends. Climate Change and Minnesota. 
https://www.dnr.state.mn.us/climate/climate_change_info/climate-trends.html 
219 Marshall P.E., W. E., Coppola, N., & Golombek, Y. (2018). Urban clear zones, street trees, and road safety. Research in Transportation Business & 
Management, 29, 136–143. https://doi.org/10.1016/j.rtbm.2018.09.003 

 

https://doi.org/10.1016/j.buildenv.2021.108676
https://doi.org/10.1029/2023EF003663
https://data.census.gov/table/HHPULSETIMESERIES.HPS01?t=Income%20and%20Poverty&g=040XX00US27
https://19january2025snapshot.epa.gov/climate-indicators/climate-change-indicators-heating-and-cooling-degree-days/index.html
https://www.liebertpub.com/doi/epub/10.1089/env.2021.0032
https://doi.org/10.1377/hlthaff.2023.01052
https://doi.org/10.3390/ijerph18020620
https://doi.org/10.1542/peds.2008-0286
https://doi.org/10.1016/j.envpol.2014.05.028
https://doi.org/10.1016/j.enbuild.2025.115992
https://www.dnr.state.mn.us/treecare/energy/index.html
https://doi.org/10.1038/ncomms15243
https://doi.org/10.1021/acs.est.5c11154
https://doi.org/10.3390/ijerph17124371
https://doi.org/10.3390/cli10040058
https://doi.org/10.1029/2025AV001682
https://www.dnr.state.mn.us/trees/forests-clean-water.html
https://www.tpl.org/resource/protecting-source
https://www.countyhealthrankings.org/strategies-and-solutions/what-works-for-health/strategies/green-space-parks
https://doi.org/10.1016/j.healthplace.2010.10.001
https://doi.org/10.1186/s42055-018-0002-5
https://doi.org/10.1093/jofore/fvx004
https://link.springer.com/article/10.1007/s10021-019-00395-5
https://www.dnr.state.mn.us/climate/climate_change_info/climate-trends.html
https://doi.org/10.1016/j.rtbm.2018.09.003


2026 Minnesota Climate Action Framework — Public health 49 

 
220 Wolf, K. L., Lam, S. T., McKeen, J. K., et al. (2020). Urban trees and human health: A scoping review. Int J Environ Res Public Health, 17(12), 4371. 
https://doi.org/10.3390/ijerph17124371  
221 Ibid.  
222 Cox, D. T. C., Shanahan, D. F., Hudson, H. L., et al. (2017). Doses of Neighborhood Nature: The Benefits for Mental Health of Living with Nature. 
BioScience, 67(2), 147-155. https://doi.org/10.1093/biosci/biw173 
223 McDonald, R. I., Biswas, T., Sachar, C., Housman, I., Boucher, T. M., Balk, D., Nowak, D., Spotswood, E., Stanley, C. K., & Leyk, S. (2021). The tree cover 
and temperature disparity in US urbanized areas: Quantifying the association with income across 5,723 communities. PLOS ONE, 16(4), e0249715. 
https://doi.org/10.1371/journal.pone.0249715  
224 Locke, D. H., Hall, B., Grove, J. M., Pickett, S. T. A., Ogden, L. A., Aoki, C., Boone, C. G., & O’Neil-Dunne, J. P. M. (2021). Residential housing segregation 
and urban tree canopy in 37 US Cities. Npj Urban Sustainability, 1(1), 15. https://doi.org/10.1038/s42949-021-00022-0 
225 Growing Shade: Tree canopy enhancement and preservation tool. (n.d.). Metropolitan Council. Retrieved December 2, 2025, from 
https://metrocouncil.org/Communities/Planning/Local-Planning-Assistance/Tree-Canopy.aspx 
226 Gabbe, C. J., Mallen, E., & Varni, A. (2023). Housing and Urban Heat: Assessing Risk Disparities. Housing Policy Debate, 33(5), 1078-1099. 
https://doi.org/10.1080/10511482.2022.2093938 
227 Minnesota Pollution Control Agency, & Minnesota Department of Commerce. (2025). Greenhouse gas emissions in Minnesota 2005 to 2022: Biennial 
inventory report tracking the state’s greenhouse gas emissions contributing to climate change (Lraq-3sy25). Minnesota Pollution Control Agency. 
https://www.pca.state.mn.us/sites/default/files/lraq-3sy25.pdf 
228 Minnesota Department of Health. (2019). Health impacts of air pollution. Minnesota Department of Health. 
https://data.web.health.state.mn.us/healthimpacts 
229 Swanson, A., & Bouchareb, H. (2025). The air we breathe: The state of Minnesota’s air quality, 2025. Minnesota Pollution Control Agency. 
https://www.pca.state.mn.us/sites/default/files/lraq-1sy25.pdf 
230 Ibid. 
231 Minnesota Department of Health. (2025, September 10). Mercury. Minnesota Department of Health. Hazardous Sites and Substances. 
https://www.health.state.mn.us/communities/environment/hazardous/topics/mercury.html 
232 Ibid. 
233 Minnesota Department of Health, Minnesota Environmental Public Health Tracking. (2015). The Economic Burden of the Environment on Children’s 
Disease: The Cost of Prenatal Mercury Exposure in Minnesota. Minnesota Department of Health. 
https://www.health.state.mn.us/communities/environment/tracking/docs/mercuryburdenreport2015.pdf 
234 Swanson, A., & Bouchareb, H. (2025). The air we breathe: The state of Minnesota’s air quality, 2025. Minnesota Pollution Control Agency. 
https://www.pca.state.mn.us/sites/default/files/lraq-1sy25.pdf 
235 Ibid. 
236 Thomas, M. K., Lammert, L. J., & Beverly, E. A. (2021). Food Insecurity and its Impact on Body Weight, Type 2 Diabetes, Cardiovascular Disease, and 
Mental Health. Current Cardiovascular Risk Reports, 15(9), 15. https://doi.org/10.1007/s12170-021-00679-3 
237 Gundersen, C., & Ziliak, J. P. (2015). Food Insecurity And Health Outcomes. Health Affairs, 34(11), 1830-1839. 
https://doi.org/10.1377/hlthaff.2015.0645 
238 Ibid. 
239 Minnesota Department of Commerce, Division of Energy Resources. (2024). Energy Policy and Conservation Quadrennial Report, 2024. Minnesota 
Department of Commerce. https://mn.gov/commerce-stat/energy/EnergyPolicyandConservationQuadrennialReport2024.pdf 
240 Stone, B. Jr., Gronlund, C. J., Mallen, E., et al. (2023). How Blackouts during Heat Waves Amplify Mortality and Morbidity Risk. Environmental Science 
& Technology, 57(22), 8245-8255. https://doi.org/10.1021/acs.est.2c09588 
241 Stone, B., Mallen, E., Rajput, M., et al. (2021). Compound Climate and Infrastructure Events: How Electrical Grid Failure Alters Heat Wave Risk. 
Environmental Science & Technology, 55(10), 6957-6964. https://doi.org/10.1021/acs.est.1c00024 
242 Minnesota Department of Health. (2025, September 2). Food Safety in Emergencies. Minnesota Department of Health. Food Safety. 
https://www.health.state.mn.us/people/foodsafety/emergency/index.html#NaN 
243 Minnesota Pollution Control Agency, & Minnesota Department of Commerce. (2025). Greenhouse gas emissions in Minnesota 2005 to 2022: Biennial 
inventory report tracking the state’s greenhouse gas emissions contributing to climate change (Lraq-3sy25). Minnesota Pollution Control Agency. 
https://www.pca.state.mn.us/sites/default/files/lraq-3sy25.pdf 
244 Boch, S. J., Taylor, D. M., Danielson, M. L., et al. (2020). ‘Home is where the health is’: Housing quality and adult health outcomes in the Survey of 
Income and Program Participation. Preventive Medicine, 132, 105990. https://doi.org/10.1016/j.ypmed.2020.105990 
245 Chakraborty, T., Hsu, A., Manya, D., & Sheriff, G. (2019). Disproportionately higher exposure to urban heat in lower-income neighborhoods: A multi-
city perspective. Environmental Research Letters, 14(10), 105003. https://doi.org/10.1088/1748-9326/ab3b99 
246 Wilson, J., Jacobs, D., Reddy, A., et al. (2016). Home Rx: The Health Benefits of Home Performance (DOE/EE--1505, 1420234). U.S. Department of 
Energy. https://doi.org/10.2172/1420234 

 

https://doi.org/10.3390/ijerph17124371
https://doi.org/10.1093/biosci/biw173
https://doi.org/10.1371/journal.pone.0249715
https://doi.org/10.1080/10511482.2022.2093938
https://www.pca.state.mn.us/sites/default/files/lraq-3sy25.pdf
https://data.web.health.state.mn.us/healthimpacts
https://www.pca.state.mn.us/sites/default/files/lraq-1sy25.pdf
https://www.health.state.mn.us/communities/environment/hazardous/topics/mercury.html
https://www.health.state.mn.us/communities/environment/tracking/docs/mercuryburdenreport2015.pdf
https://www.pca.state.mn.us/sites/default/files/lraq-1sy25.pdf
https://doi.org/10.1007/s12170-021-00679-3
https://doi.org/10.1377/hlthaff.2015.0645
https://mn.gov/commerce-stat/energy/EnergyPolicyandConservationQuadrennialReport2024.pdf
https://doi.org/10.1021/acs.est.2c09588
https://doi.org/10.1021/acs.est.1c00024
https://www.health.state.mn.us/people/foodsafety/emergency/index.html#NaN
https://www.pca.state.mn.us/sites/default/files/lraq-3sy25.pdf
https://doi.org/10.1016/j.ypmed.2020.105990
https://doi.org/10.1088/1748-9326/ab3b99
https://doi.org/10.2172/1420234


2026 Minnesota Climate Action Framework — Public health 50 

 
247 Ibid. 
248 Alam, M., Rajeev, P., Sanjayan, J., Zou, P. X. W., & Wilson, J. (2018). Mitigation of heat stress risks through building energy efficiency upgrade: A case 
study of Melbourne, Australia. Australian Journal of Civil Engineering, 16(1), 64-78. https://doi.org/10.1080/14488353.2018.1453331 
249 U.S. Environmental Protection Agency. (2026, May 27). Indoor Air Quality. United States Environmental Protection Agency. 
https://www.epa.gov/report-environment/indoor-air-quality#importance 
250 Ibid. 
251 Wimalasena, N. N., Chang-Richards, A., Wang, K. I.-K., & Dirks, K. N. (2021). Housing Risk Factors Associated with Respiratory Disease: A Systematic 
Review. International Journal of Environmental Research and Public Health, 18(6), 2815. https://doi.org/10.3390/ijerph18062815  
252 U.S. Environmental Protection Agency. (2026, May 27). Indoor Air Quality. United States Environmental Protection Agency. 
https://www.epa.gov/report-environment/indoor-air-quality#importance 
253 Ferguson, L., Taylor, J., Davies, M., Shrubsole, C., Symonds, P., & Dimitroulopoulou, S. (2020). Exposure to indoor air pollution across socio-economic 
groups in high-income countries: A scoping review of the literature and a modelling methodology. Environment International, 143, 105748. 
https://doi.org/10.1016/j.envint.2020.105748  
254 Minnesota Pollution Control Agency. (n.d.). Wood smoke. Retrieved https://www.pca.state.mn.us/air-water-land-climate/wood-smoke 
255 Gruenwald, T., Seals, B. A., Knibbs, L. D., & Hosgood, H. D. (2022). Population Attributable Fraction of Gas Stoves and Childhood Asthma in the United 
States. International Journal of Environmental Research and Public Health, 20(1), 75. https://doi.org/10.3390/ijerph20010075 
256 Wilson, J., Jacobs, D., Reddy, A., et al. (2016). Home Rx: The Health Benefits of Home Performance (DOE/EE--1505, 1420234). U.S. Department of 
Energy. https://doi.org/10.2172/1420234 
257 Wang, C., Wang, J., & Norbäck, D. (2022). A Systematic Review of Associations between Energy Use, Fuel Poverty, Energy Efficiency Improvements 
and Health. International Journal of Environmental Research and Public Health, 19(12), 7393. https://doi.org/10.3390/ijerph19127393 
258 Fisk, W. J., Singer, B. C., & Chan, W. R. (2020). Association of residential energy efficiency retrofits with indoor environmental quality, comfort, and 
health: A review of empirical data. Building and Environment, 180, 107067. https://doi.org/10.1016/j.buildenv.2020.107067 
259 Ferguson, L., Taylor, J., Davies, M., Shrubsole, C., Symonds, P., & Dimitroulopoulou, S. (2020). Exposure to indoor air pollution across socio-economic 
groups in high-income countries: A scoping review of the literature and a modelling methodology. Environment International, 143, 105748. 
https://doi.org/10.1016/j.envint.2020.105748  
260 Home Energy Guide. (2025, July). Minnesota Department of Commerce, Division of Energy Resources. https://mn.gov/commerce-stat/pdfs/home-
energy-guide.pdf 
261 MacNaughton, P., Cao, X., Buonocore, J., et al. (2018). Energy savings, emission reductions, and health co-benefits of the green building movement. 
Journal of Exposure Science & Environmental Epidemiology, 28(4), 307-318. https://doi.org/10.1038/s41370-017-0014-9 
262 U.S. Census Bureau, U.S. Department of Commerce. (n.d.). All HPS Indicators for Phase 4.0 and Later [Dataset]. Household Pulse Survey, HPS High 
Frequency Social and Economic Data, Table HPS01. Retrieved June 26, 2026, from 
https://data.census.gov/table/HHPULSETIMESERIES.HPS01?t=Income%20and%20Poverty&g=040XX00US27 
263 Siegel, E. L., Lane, K., Yuan, A., et al. (2024). Energy Insecurity Indicators Associated With Increased Odds Of Respiratory, Mental Health, And 
Cardiovascular Conditions. Health Affairs, 43(2), 260-268. https://doi.org/10.1377/hlthaff.2023.01052 
264 Reames, T. G., Daley, D. M., & Pierce, J. C. (2021). Exploring the Nexus of Energy Burden, Social Capital, and Environmental Quality in Shaping Health 
in US Counties. International Journal of Environmental Research and Public Health, 18(2), 620. https://doi.org/10.3390/ijerph18020620 
265 Graff, M., Konisky, D. M., Carley, S., & Memmott, T. (2022). Climate Change and Energy Insecurity: A Growing Need for Policy Intervention. 
Environmental Justice, 15(2). https://www.liebertpub.com/doi/epub/10.1089/env.2021.0032 
266 Cook, J. T., Frank, D. A., Casey, P. H., et al. (2008). A Brief Indicator of Household Energy Security: Associations With Food Security, Child Health, and 
Child Development in US Infants and Toddlers. Pediatrics, 122(4), e867-e875. https://doi.org/10.1542/peds.2008-0286 
267 Simonson Management Services. (2024). Weatherization Assistance Program Briefing Book. U.S. Department of Energy Office of State and 
Community Energy Programs. https://www.energy.gov/sites/default/files/2024-11/wap-briefing-book_102024.pdf 
268 Ferguson, L., Taylor, J., Davies, M., Shrubsole, C., Symonds, P., & Dimitroulopoulou, S. (2020). Exposure to indoor air pollution across socio-economic 
groups in high-income countries: A scoping review of the literature and a modelling methodology. Environment International, 143, 105748. 
https://doi.org/10.1016/j.envint.2020.105748  
269 Adamkiewicz, G., Zota, A. R., Fabian, M. P., Chahine, T., Julien, R., Spengler, J. D., & Levy, J. I. (2011). Moving Environmental Justice Indoors: 
Understanding Structural Influences on Residential Exposure Patterns in Low-Income Communities. American Journal of Public Health, 101(S1), S238-
S245. https://doi.org/10.2105/AJPH.2011.300119  
270 Fisk, W. J., Singer, B. C., & Chan, W. R. (2020). Association of residential energy efficiency retrofits with indoor environmental quality, comfort, and 
health: A review of empirical data. Building and Environment, 180, 107067. https://doi.org/10.1016/j.buildenv.2020.107067  
271 U.S. Energy Information Agency. (2025). 2020 Residential Energy Consumption Survey, Household energy insecurity HC11.1 [Dataset]. U.S. Energy 
Information Agency. https://www.eia.gov/consumption/residential/data/2020/hc/pdf/HC%2011.1.pdf 
272Bradshaw, J. L., Bou-Zeid, E., & Harris, R. H. (2014). Comparing the effectiveness of weatherization treatments for low-income, American, urban 
housing stocks in different climates. Energy and Buildings, 69, 535-543. https://doi.org/10.1016/j.enbuild.2013.11.035 

 

https://doi.org/10.1080/14488353.2018.1453331
https://www.epa.gov/report-environment/indoor-air-quality#importance
https://doi.org/10.3390/ijerph18062815
https://www.epa.gov/report-environment/indoor-air-quality#importance
https://doi.org/10.1016/j.envint.2020.105748
https://www.pca.state.mn.us/air-water-land-climate/wood-smoke
https://doi.org/10.3390/ijerph20010075
https://doi.org/10.2172/1420234
https://doi.org/10.3390/ijerph19127393
https://doi.org/10.1016/j.buildenv.2020.107067
https://doi.org/10.1016/j.envint.2020.105748
https://mn.gov/commerce-stat/pdfs/home-energy-guide.pdf
https://mn.gov/commerce-stat/pdfs/home-energy-guide.pdf
https://doi.org/10.1038/s41370-017-0014-9
https://data.census.gov/table/HHPULSETIMESERIES.HPS01?t=Income%20and%20Poverty&g=040XX00US27
https://doi.org/10.1377/hlthaff.2023.01052
https://doi.org/10.3390/ijerph18020620
https://www.liebertpub.com/doi/epub/10.1089/env.2021.0032
https://doi.org/10.1542/peds.2008-0286
https://www.energy.gov/sites/default/files/2024-11/wap-briefing-book_102024.pdf
https://doi.org/10.1016/j.envint.2020.105748
https://doi.org/10.2105/AJPH.2011.300119
https://doi.org/10.1016/j.buildenv.2020.107067
https://www.eia.gov/consumption/residential/data/2020/hc/pdf/HC%2011.1.pdf
https://doi.org/10.1016/j.enbuild.2013.11.035


2026 Minnesota Climate Action Framework — Public health 51 

 
273 Martin, C., Bueno, M., Johnson, M., et al. (2023). Targeting Weatherization: Supporting Low-Income Renters in Multifamily Properties through the 
Infrastructure Investment and Jobs Act’s Funding of the Weatherization Assistance Program and Beyond. Joint Center for Housing Studies Harvard 
University. 
274 Agee, P., Nikdel, L., McCoy, A., et al. (2024). Manufactured housing: Energy burden outcomes from measured and simulated building performance 
data. Energy Policy, 186, 113985. https://doi.org/10.1016/j.enpol.2024.113985 
275  Gabbe, C. J., Mallen, E., & Varni, A. (2023). Housing and Urban Heat: Assessing Risk Disparities. Housing Policy Debate, 33(5), 1078-1099. 
https://doi.org/10.1080/10511482.2022.2093938 
276 Environmental Law Institute. (2024). Wildfire Smoke: State policies for reducing indoor exposure. Environmental Law Institute. 
https://www.eli.org/sites/default/files/files-pdf/Wildfire%20Smoke%20Report%20January%202024.pdf 
277 Industrial Innovation Initiative. (2026). Minnesota. https://industrialinnovation.org/state-toolkit/minnesota/ 
278 Minnesota Pollution Control Agency, & Minnesota Department of Commerce. (2025). Greenhouse gas emissions in Minnesota 2005 to 2022: Biennial 
inventory report tracking the state’s greenhouse gas emissions contributing to climate change (Lraq-3sy25). Minnesota Pollution Control Agency. 
https://www.pca.state.mn.us/sites/default/files/lraq-3sy25.pdf 
279 Swanson, A., & Bouchareb, H. (2025). The air we breathe: The state of Minnesota’s air quality, 2025. Minnesota Pollution Control Agency. 
https://www.pca.state.mn.us/sites/default/files/lraq-1sy25.pdf 
280 Ibid. 
281 Ibid. 
282 Fan, Y., Wang, X., Li, Z., & Wu, W. (2025). From harm to Hope: How green innovation alleviates environmental injustice triggered by non-green 
innovation. International Review of Economics & Finance, 101, 104122. https://doi.org/10.1016/j.iref.2025.104122 
283 Swanson, A., & Bouchareb, H. (2025). The air we breathe: The state of Minnesota’s air quality, 2025. Minnesota Pollution Control Agency. 
https://www.pca.state.mn.us/sites/default/files/lraq-1sy25.pdf 
284 Ibid. 
285 Mohai, P., Lantz, P. M., Morenoff, J., et al. (2009). Racial and Socioeconomic Disparities in Residential Proximity to Polluting Industrial Facilities: 
Evidence From the Americans’ Changing Lives Study. American Journal of Public Health, 99(S3), S649-S656. https://doi.org/10.2105/AJPH.2007.131383 
286 Smith, G. S., Anjum, E., Francis, C., et al. (2022). Climate Change, Environmental Disasters, and Health Inequities: The Underlying Role of Structural 
Inequalities. Current Environmental Health Reports, 9(1), 80-89. https://doi.org/10.1007/s40572-022-00336-w 
287 Minnesota Pollution Control Agency. (n.d.). Environmental justice. Retrieved https://www.pca.state.mn.us/about-mpca/environmental-justice 
288 Payne-Sturges, D., & Gee, G. C. (2006). National environmental health measures for minority and low-income populations: Tracking social disparities 
in environmental health. Environmental Research, 102(2), 154-171. https://doi.org/10.1016/j.envres.2006.05.014 
289 Mohai, P., Lantz, P. M., Morenoff, J., et al. (2009). Racial and Socioeconomic Disparities in Residential Proximity to Polluting Industrial Facilities: 
Evidence From the Americans’ Changing Lives Study. American Journal of Public Health, 99(S3), S649-S656. https://doi.org/10.2105/AJPH.2007.131383 
290 Smith, G. S., Anjum, E., Francis, C., et al. (2022). Climate Change, Environmental Disasters, and Health Inequities: The Underlying Role of Structural 
Inequalities. Current Environmental Health Reports, 9(1), 80-89. https://doi.org/10.1007/s40572-022-00336-w 
291 Fan, Y., Wang, X., Li, Z., & Wu, W. (2025). From harm to Hope: How green innovation alleviates environmental injustice triggered by non-green 
innovation. International Review of Economics & Finance, 101, 104122. https://doi.org/10.1016/j.iref.2025.104122 
292 Minnesota Pollution Control Agency, & Minnesota Department of Commerce. (2025). Greenhouse gas emissions in Minnesota 2005 to 2022: Biennial 
inventory report tracking the state’s greenhouse gas emissions contributing to climate change (Lraq-3sy25). Minnesota Pollution Control Agency. 
https://www.pca.state.mn.us/sites/default/files/lraq-3sy25.pdf 
293 Ingwersen, W. (2025). Consumption-based Greenhouse Gas Emissions Results for the State of MN for 2012-2019 [Dataset]. U.S. Environmental 
Protection Agency. https://doi.org/10.23719/1531923 
294 Podlasek, A., Vaverková, M. D., Jakimiuk, A., & Koda, E. (2024). A comprehensive investigation of geoenvironmental pollution and health effects from 
municipal solid waste landfills. Environmental Geochemistry and Health, 46(3), 97. https://doi.org/10.1007/s10653-024-01852-4 
295 Ibid. 
296 Cole-Hunter, T., Johnston, F. H., Marks, G. B., et al. (2020). The health impacts of waste-to-energy emissions: A systematic review of the literature. 
Environmental Research Letters, 15(12), 123006. https://doi.org/10.1088/1748-9326/abae9f 
297 Weitekamp, C. A., Kerr, L. B., Dishaw, L., et al. (2020). A systematic review of the health effects associated with the inhalation of particle-filtered and 
whole diesel exhaust. Inhalation Toxicology, 32(1), 1-13. https://doi.org/10.1080/08958378.2020.1725187 
298 Minnesota Department of Health. (2024, January). Reducing Exposures: Per- and Polyfluoroalkyl substances (PFAS). Minnesota Department of Health. 
https://www.health.mn.gov/communities/environment/hazardous/docs/pfas/pfasreducingexp.pdf 
299 Minnesota Department of Health. (2026, February 9). Per- and Polyfluoroalkyl Substances (PFAS). Minnesota Department of Health. 
https://www.health.mn.gov/communities/environment/hazardous/topics/pfcs.html 
300 Barceló, D., Picó, Y., & Alfarhan, A. H. (2023). Microplastics: Detection in human samples, cell line studies, and health impacts. Environmental 
Toxicology and Pharmacology, 101, 104204. https://doi.org/10.1016/j.etap.2023.104204 

 

https://doi.org/10.1016/j.enpol.2024.113985
https://doi.org/10.1080/10511482.2022.2093938
https://www.eli.org/sites/default/files/files-pdf/Wildfire%20Smoke%20Report%20January%202024.pdf
https://industrialinnovation.org/state-toolkit/minnesota/
https://www.pca.state.mn.us/sites/default/files/lraq-3sy25.pdf
https://www.pca.state.mn.us/sites/default/files/lraq-1sy25.pdf
https://doi.org/10.1016/j.iref.2025.104122
https://www.pca.state.mn.us/sites/default/files/lraq-1sy25.pdf
https://doi.org/10.2105/AJPH.2007.131383
https://doi.org/10.1007/s40572-022-00336-w
https://www.pca.state.mn.us/about-mpca/environmental-justice
https://doi.org/10.1016/j.envres.2006.05.014
https://doi.org/10.2105/AJPH.2007.131383
https://doi.org/10.1007/s40572-022-00336-w
https://doi.org/10.1016/j.iref.2025.104122
https://www.pca.state.mn.us/sites/default/files/lraq-3sy25.pdf
https://doi.org/10.23719/1531923
https://doi.org/10.1007/s10653-024-01852-4
https://doi.org/10.1088/1748-9326/abae9f
https://doi.org/10.1080/08958378.2020.1725187
https://www.health.mn.gov/communities/environment/hazardous/docs/pfas/pfasreducingexp.pdf
https://www.health.mn.gov/communities/environment/hazardous/topics/pfcs.html
https://doi.org/10.1016/j.etap.2023.104204


2026 Minnesota Climate Action Framework — Public health 52 

 
301 U.S. Department of Agriculture Economic Research Service. (2025, March 11). State Fact Sheets — State Data — Minnesota. 
https://data.ers.usda.gov/reports.aspx?ID=4035&StateFIPS=27&StateName=Minnesota 
302 Healthy Foods, Healthy Lives Institute, University of Minnesota. (2023, June 29). Food Security Dashboard. University of Minnesota. 
https://hfhl.umn.edu/resources/dashboardintro 
303  Cannon, C. (2020). Examining Rural Environmental Injustice: An Analysis of Ruralness, Class, Race, and Gender On the Presence of Landfills Across 
the United States. Journal of Rural and Community Development, 15(1). https://orcid.org/0000-0002-5507-5312 
304 Industrial Economics, University of Minnesota Climate Adaptation Partnership, Consensus Building Institute, & Two Degrees Adapt. (2026). Minnesota 
Climate Adaptation and Resilience Cost Study (Document No. lrcc-Mn-1sy26). Minnesota Pollution Control Agency. 
https://www.pca.state.mn.us/sites/default/files/lrcc-mn-1sy26.pdf 
305 305Ebi, K. L., Capon, A., Berry, P., et al. (2021). Hot weather and heat extremes: Health risks. The Lancet, 398(10301), 698-708. 
https://doi.org/10.1016/S0140-6736(21)01208-3 
306 Atlantic Council of the United States. (2021). Extreme heat: The economic and social consequences for the United States. Atlantic Council. 
http://www.atlanticcouncil.org/wp-content/uploads/2021/08/Extreme-Heat-Report-2021.pdf 
307 Borgschulte, M., Molitor, D., Zou, E.Y., 2024. Air Pollution and the Labor Market: Evidence from Wildfire Smoke. Review of Economics and Statistics 
106, 1558-1575. https://doi.org/10.1162/rest_a_01243 
308 Baker, J. M., Wilson, A. B., Ainsworth, E. A., et al. (2023). Midwest. In Fifth National Climate Assessment. U.S. Global Change Research Program, 
Washington, DC. https://nca2023.globalchange.gov/chapter/24/ 
309 NOAA National Centers for Environmental Information (NCEI) U.S. Billion-Dollar Weather and Climate Disasters (2025). 
https://www.ncei.noaa.gov/access/billions/, DOI: 10.25921/stkw-7w73 
310 NOAA National Centers for Environmental Information (NCEI). (2025). U.S. Billion-dollar Weather and Climate Disasters, 1980-Present: Minnesota 
Summary. Minnesota Summary. https://www.ncei.noaa.gov/archive/accession/0209268 
311 Gbadeyan, O.J., Muthivhi, J., Linganiso, L.Z., Deenadayalu, N. (2024). Decoupling Economic Growth from Carbon Emissions: A Transition toward Low-
Carbon Energy Systems — A Critical Review. Clean Technol. 6, 1076-1113. https://doi.org/10.3390/cleantechnol6030054 
312 2026 Climate Action Framework — Workforce. (2026). Minnesota Department of Employment and Economic Development. 
https://climate.state.mn.us/sites/climate-action/files/cc-mn4-04g.pdf 
313 Adler, N. E., & Newman, K. (2002). Socioeconomic Disparities In Health: Pathways And Policies. Health Affairs, 21(2), 60-76. 
https://doi.org/10.1377/hlthaff.21.2.60 
314 Krueger, P. M., & Burgard, S. A. (2011). Work, Occupation, Income, and Mortality. In R. G. Rogers & E. M. Crimmins (Eds.), International Handbook of 
Adult Mortality (Vol. 2, pp. 263-288). Springer Netherlands. https://doi.org/10.1007/978-90-481-9996-9_13 
315 Osberg, L. (2021). Economic insecurity and well-being (DESA Working Paper no. 173). UN, Department of Economic and Social Affairs. 
https://digitallibrary.un.org/record/3934341 
316 Kopasker, D., Montagna, C., & Bender, K. A. (2018). Economic insecurity: A socioeconomic determinant of mental health. SSM - Population Health, 6, 
184-194. https://doi.org/10.1016/j.ssmph.2018.09.006 
317 Rohde, N., Tang, K. K., Osberg, L., & Rao, D. S. P. (2017). Is it vulnerability or economic insecurity that matters for health? Journal of Economic 
Behavior & Organization, 134, 307-319. https://doi.org/10.1016/j.jebo.2016.12.010 
318 2026 Climate Action Framework — Workforce. (2026). Minnesota Department of Employment and Economic Development. 
https://climate.state.mn.us/sites/climate-action/files/cc-mn4-04g.pdf 
319 Ibid. 
320 Adler, N. E., & Newman, K. (2002). Socioeconomic Disparities In Health: Pathways And Policies. Health Affairs, 21(2), 60-76. 
https://doi.org/10.1377/hlthaff.21.2.60 

 

https://data.ers.usda.gov/reports.aspx?ID=4035&StateFIPS=27&StateName=Minnesota
https://hfhl.umn.edu/resources/dashboardintro
https://orcid.org/0000-0002-5507-5312
https://www.pca.state.mn.us/sites/default/files/lrcc-mn-1sy26.pdf
https://doi.org/10.1016/S0140-6736(21)01208-3
http://www.atlanticcouncil.org/wp-content/uploads/2021/08/Extreme-Heat-Report-2021.pdf
https://doi.org/10.1162/rest_a_01243
https://nca2023.globalchange.gov/chapter/24/
https://www.ncei.noaa.gov/archive/accession/0209268
https://doi.org/10.3390/cleantechnol6030054
https://climate.state.mn.us/sites/climate-action/files/cc-mn4-04g.pdf
https://doi.org/10.1377/hlthaff.21.2.60
https://doi.org/10.1007/978-90-481-9996-9_13
https://digitallibrary.un.org/record/3934341
https://doi.org/10.1016/j.ssmph.2018.09.006
https://doi.org/10.1016/j.jebo.2016.12.010
https://climate.state.mn.us/sites/climate-action/files/cc-mn4-04g.pdf
https://doi.org/10.1377/hlthaff.21.2.60

	Introduction
	Health harms of climate change
	Major climate-related health threats
	Extreme heat
	Air pollution
	Wildfire smoke
	Pollen and allergies
	Vector-borne diseases
	Water-related health risks
	Extreme precipitation and flooding
	Drinking water impacts
	Food systems impacts
	Impacts due to changing landscapes
	Severe weather

	Unequal burdens of climate change
	Children and climate change
	Inadequate infrastructure and disruption of education
	Disruptions in access to nature and outdoor play

	Overburdened communities and climate change


	Health benefits of climate change mitigation
	Clean transportation: travel options and zero-emission vehicle adoption
	Increased physical activity
	Improved air quality
	Reduced heat islands
	Improved traffic safety
	Reduced noise pollution
	Lower household transportation costs
	Increased social inclusion and mobility
	Equity discussion

	Climate-friendly food systems
	Reduced nitrate contamination
	Increased long-term financial stability for farmers
	Strengthened food security
	Equity discussion

	Wetlands and grasslands protection and restoration
	Protected water quality and reduced flooding
	Protected hunting, fishing, and gathering
	Reduced wildfire risk and wildfire smoke exposure
	Equity discussion

	Forestland and tree canopy conservation, management, and expansion
	Reduced heat island effects
	Reduced energy burden
	Improved air quality
	Protected water quality
	Increased social connection and physical activity
	Equity discussion

	Clean energy
	Improved air quality
	Reduced methylmercury exposure
	Strengthened food security
	Reduced risk of power outages during extreme weather
	Equity discussion

	Residential building electrification and efficiency
	Improved temperature regulation
	Improved indoor air quality
	Improved outdoor air quality
	Reduced energy burden
	Equity discussion

	Industrial decarbonization
	Improved air quality
	Reduced methylmercury exposure
	Equity discussion

	Circular economy
	Reduced waste and pollution exposure
	Reduced harmful exposures from consumer products
	Improved food security
	Equity discussion

	Economic security and opportunity
	Increased income and financial stability, and reduced cost burdens
	Equity discussion


	Conclusion



