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10.0 EXECUTIVE SUMMARY

Global concern for climate change impacts on human health has grown in tandem with the

acute experiences of Vermonters. This chapter contextualizes these experiences and

synthesizes data to illuminate how impacts are distributed, often unequally, across

Vermont. The final sections of this chapter focus on the many opportunities for synergistic

solutions that can improve health and mitigate climate change simultaneously in a strategy

called multisolving.

This chapter is most relevant for four groups:

Public health officials, who are deeply familiar with these issues, may find value in
a consolidated synthesis to support resource allocation and intervention planning.
Municipal and regional officials may reference this information when
communicating hazards and prioritizing resources.

Clinicians may use this report to educate patients about climate change and their
health and to inform patient care plans.

Caregivers and families may draw on this chapter to better understand their own
vulnerabilities and to support each other as these risks occur.

Climate change in Vermontis impacting human health in direct and indirect ways, many

of which are overlapping, compounding, and co-occurring:

Rising temperatures and more frequent extreme heat days pose a challenge in a
state where indoor cooling systems are not prevalent. This warming is linked with
increased emergency department visits, highlighting the need for early summer
acclimatization and the importance of checking in on family and neighbors.

Water quality risks may increase due to increased temperatures that support the
growth of cyanobacteria and more precipitation extremes. Flooding also displaces
Vermonters and their businesses, disrupts health care access and emergency
response, and causes other health risks like mold growth.

Decreased air quality from wildfire smoke and longer pollen seasons are
threatening health in a state where 11% of adults and 7% of children already have
asthma.

Diseases from ticks and mosquitoes are increasing as changing temperatures
lengthen their active season. Rates of Lyme disease increased by about four times
between 2008-2024, highlighting the serious and growing health risks of these
vector-borne diseases.

Human Health Vermont Climate Assessment 2025 4



e Vermonters’ mental health, well-being, and sense of identity have been impacted
as they survive disasters, change habits to avoid environmental exposures, and
confront changing seasons that endanger their livelihoods and culture.

These impacts are not evenly felt by all Vermonters. Some are more vulnerable due to
physiological conditions, while others are “vulnerabilized” by systemic processes outside
of their control.

Health resilience is community resilience. Initial health impacts have ripple effects that
often are not considered, like the long-term ability to secure stable housing, economic
stress and educational deficiencies from lost work and school days, and strain on public
resources, including health care. In Vermont, opportunities to combat these ripple effects
include investing in climate-resilient housing and schools, expanding health care access,
providing support for health care professionals, investing in social support networks,
integrating climate justice into all planning, and improving tracking of long-term health data.

Human health is reliant on Vermont’s social connections, built infrastructure and
natural ecosystems. Other chapters in the Vermont Climate Assessment highlight these
intersections:

e Food security in Vermont is a health risk likely to be exacerbated by climate change,
and the Agriculture and Food Systems chapter has more information about the
supply chain components of that threat.

e The Community Development chapter provides foundational demographic and
developmental data to support identification of vulnerable groups. It discusses
emergency management systems and the importance of community cohesion.

e Qutdoor activities are a key part of Vermonters’ health and identity but are
threatened due to climate change, which is explained in the Outdoor Recreation
and Tourism chapter.

e Specific information on the geophysical aspects behind health trends from flooding
and water quality can be found in the Water Resources chapter.

e A key piece of climate and health multisolving is strategic investment in
infrastructure, discussed in detail in the chapter of the same name.

While Vermonters are already experiencing health impacts caused by climate change, they
also have the passion and dedication to confront these threats head-on. Actions need to
prioritize those most impacted and simultaneously contribute to both mitigating climate
change and supporting healthy Vermonters.
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10.1 KEY MESSAGES

1.

Actions to mitigate climate change, such as biking to work, weatherizing homes, or
supporting the expansion of green spaces, have direct health benefits, from
increased cardiovascular and respiratory health to improved mental health.
Increasing heat waves and limited access to air conditioning are already affecting
health and safety, particularly for older adults, outdoor workers, and those in urban
areas.

Vermonters’ physical health, housing status, and livelihoods are at increased risk
due to more frequent and more intense flooding.

In a state with the 5™ highest rate of adult asthma in the country, intensifying wildfire
smoke, pollen, and mold are exacerbating the existing respiratory disease of many
Vermonters while creating new health concerns for others.

The active seasons for ticks and mosquitoes are lengthening in Vermont, leading to
increased diversity and prevalence of vector-borne diseases. Rates of Lyme disease
increased by about four times between 2008-2024, highlighting the serious and
growing health risks of these vector-borne diseases.

Threats to water quality are being shaped by climate change, as floods spread
contaminants, heat amplifies pathogen and cyanobacteria growth, and drought
concentrates pollutants. These hazards are especially notable for the about 39% of
Vermonters who are private well-users.

In addition to affecting Vermonters’ physical health, climate change is eroding
mental health, well-being, and the sense of identity and belonging that comes from
place, seasons, and shared traditions.

Climate change is acting as a “threat amplifier,” deepening existing inequities and
placing disproportionate health burdens on Vermonters that are already vulnerable.
The direct health impacts of climate change create ripple effects that impact
children’s education, increase the burden on Vermont’s health care system, and
create new threats to Vermont’s economy.

10.2 BACKGROUND

Vermont has repeatedly confronted environmental risks to public health with proactive and

innovative policymaking. In 2015, Vermont passed the Vermont Clean Water Act, which

aims to protect drinking water, prevent harmful algal blooms (HABs), and enhance

cooperative efforts to reduce nutrient pollution to Lake Champlain (Vermont Clean Water

Act, 2015). In 2022, Vermont passed its first Environmental Justice Law, formally

acknowledging that environmental burdens are not shared equally and committing the state

to reducing disparities in access to clean air, water, housing, and green space (Vermont

Human Health Vermont Climate Assessment 2025 6



Environmental Justice Law, 2022). In 2024, Vermont passed both the Climate Superfund Act,
which seeks to hold major fossil fuel companies financially responsible for climate-related
damages such as infrastructure loss from flooding and the Flood Safety Act, which places
flood resilience as a top priority across the state (Climate Superfund Act, 2024; Flood Safety
Act, 2024). This legislation reflects a growing recognition that climate change is a public
health issue, affecting physical health, mental health, and community well-being.

These examples illustrate a consistent Vermont pattern: when environmental conditions
threaten health, Vermonters organize, legislate, and act. Climate change represents the
latest, and most complex, chapterin this history. Understanding and quantifying its impacts
in Vermont provides the foundation for the next generation of solutions. Just as earlier
environmental challenges prompted innovative and health-protective action, today’s
climate risks create opportunity for implementing practices that synergistically improve
human and environmental well-being. These will be discussed in detail in the final section
of this chapter (10.11).

This chapter synthesizes and contextualizes the impacts of climate change on human
health in Vermont. Health effects of climate change are well-established globally
(Romanello et al., 2025), but understanding how they manifest locally—in Vermont’s towns,
workplaces, schools, and health systems—is essential for taking meaningful action at state,
municipal, and individual levels.

In this chapter, health concerns are described using the following framework: identifying the
hazard, health effects, exposure, and vulnerabilities, whereby hazard is the agent or
pathogen that causes disease, exposure is how an individual comes in contact with the
hazard, and vulnerabilities include both factors that increase exposure (e.g., occupation)
and an individual’s adaptive capacity to respond to the hazard physically or socially (e.g.,
owning a vehicle). There is a “What you can do” section for each health concern, which
identifies individual protective behaviors and broader community-level actions to reduce
climate change-related health risks. While this chapter does not include recommendations
for health care providers specifically, it is important to note that they play an essential role
in treating climate-related health outcomes and counseling patients. In fact, primary care
physicians are among the most trusted sources of information about climate change and
related health risks (Hill, 2021; Maibach et al., 2015). Given the breadth of topics covered in
this chapter, key hazards, vulnerable populations, and actionable steps are summarized for
ease of reference (Table 10-1).
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Box 10-1: What does “vulnerable” mean? Using inclusive and actionable language in
climate change and public health literature

The term “vulnerable” in public health literature can be misconstrued to assign an
inherent and internal status to people who are at higher risk of experiencing negative
health effects, rather than focusing on actionable changes required of systemic and
societal structures to support equitable health outcomes (Vital Strategies, 2026). The
term’s vagueness can also conceal structural aspects of these challenges (Katz et al.,
2020).

One proposed alternative is using “vulnerabilized” to signify a status that results from
systemic factors beyond the control of the individual/ population (Garrett & Altman,
2024).

Alternatives for “high-risk population” and “vulnerable population” include: “People who
are at increased risk for [condition],” and “People who live/work in a setting that puts
them atincreased/higher risk of becoming exposed to hazards” (U.S. Centers for Disease
Control and Prevention, 2024h). This “person-first” language better describes one
component of a person’s experience, versus attributing their identity to that experience
(National Institutes of Health, 2025).

This chapter uses “vulnerabilities” as a subsection header to give detailed, person-first
explanations of the physiological factors and societal factors that contribute to
increased risk of impact from climate change-related hazards. In the Vermont Climate
Assessment, the Intergovernmental Panel on Climate Change (IPCC), the most recent
Lancet report on health and climate change (Romanello et al., 2025), and numerous
other contemporary reports, “vulnerable,” is defined as “the propensity or predisposition
to be adversely affected. Vulnerability encompasses a variety of concepts and elements
including sensitivity or susceptibility to harm and lack of capacity to cope and adapt.”

The authors emphasize that use of the adjective “vulnerable” without a description of the
contributing factors to that status can be detrimental to creating equitable health
interventions.

Human Health Vermont Climate Assessment 2025



Table 10-1 Summary of climate change-related health hazards, key vulnerable populations,
and examples of actionable items for protecting Vermonters

Hazard Vulnerable populations What you can do

Extreme Outdoor workers and recreators, outdoor Check on neighbors, especially

heat summer athletes, children, elderly, people those with limited mobility. Limit
without air conditioning or access to cool activity to cooler parts of the day.
indoor air, especially unhoused populations  Stay hydrated.

Warmer Those exposed to ice either on Shovel walkways and driveways

winters sidewalks/driveways, especially elderly, or and use salt or sand to meltice or
recreational users of frozen ponds and lakes provide traction. On frozen lakes,

testice before use, and share
plans with friends or family.

Flooding People living in flood zones, especially in Create a flood action plan and
mobile homes, unhoused populations, check-in on neighbors, consult
those with limited mobility Vermont Department of Health

(VDH) guidelines for safely
returning to homes after flooding.

Wildfire Outdoor workers and recreators, children, Monitor air quality (AirNow.gov is a

smoke elderly, people with chronic respiratory good source), decrease activity
diseases levels, stay inside with windows

closed if weather allows, utilize air
filters indoors.

Pollen People allergic to pollen, especially those Work with medical professionals to
that cannot minimize exposure by staying proactively create a pollen care
inside (e.g., outdoor workers, recreators) plan, minimize exposure by staying

indoors, protect airways by wearing
a mask when outside.

Mold Flood damaged homes, especially when Prevent mold growth by fixing leaks
remediation is complicated by extreme in homes, improving drainage, and
outdoor heat or poor air quality using dehumidifiers. After a flood,

clean and dry items and rooms
within 48 hours. Consult VDH for
more guidelines.

Tick-borne Outdoor workers and recreators, age Wear long sleeves and pants, use

diseases (various effects by disease), males, location tick repellant, and check for ticks
(some counties in Vermont, especially after recreating.
southern Vermont, have higher disease
prevalences), people with reduced immune
function

Mosquito- Outdoor workers and recreators, people Wear long sleeves and pants, use

borne with reduced immune function, males, insect repellant, and reduce

diseases people with diabetes or hypertension standing water.
Human Health Vermont Climate Assessment 2025 9



Table 10-1 Summary of climate change-related health hazards, key vulnerable populations,
and examples of actionable items for protecting Vermonters (continued)

Hazard

Vulnerable populations

What you can do

Nitrates/nitrites

Infants

Test private wells and support farmers
in conservation practices that protect
water quality.

Increased
mercury
bioavailability

Children, pregnant/nursing
people

Follow VDH'’s safe fish consumption
guidelines.

Cyanobacteria

Children and infants

Check for beach closures before
recreating and know how to identify a
bloom, participate in cyanobacteria
monitoring efforts, and reduce runoff
using green stormwater infrastructure.

Waterborne
pathogens

People with reduced immune
function

Check for beach closures before
recreating, reduce runoff using green
stormwater infrastructure, and test
private wells.

Food security

People currently experiencing
food insecurity, households with
low-income, and people living in
rural areas

Advocate for food security screenings
by physicians and support food access
programming.

Foodborne

Pregnant people, people with

Learn proper food safety practices.

reduced immune function.
Different drivers of foodborne
disease affect different
demographics

pathogens

Source: This chapter

10.3 TEMPERATURE

What do rising global temperatures mean for daily life at the local and state level? In
Vermont, a warming trend is felt in every season. Summers are longer and hotter, while
winters are shorter and milder (see Climate Change in Vermont 2.4). These changes have
serious consequences for the health and well-being of Vermonters.

10.3.1 Increased summer temperatures
Hazards
The northeastern United States (U.S.) is warming faster than most of the rest of the planet

(see Climate Change in Vermont 2.4.1). This warming is felt tangibly in the form of rising daily
temperatures, more days with extreme heat, and more hot nights (see Climate Change in

Vermont 2.4.4). For example, Burlington, VT experienced as many heat waves (three or more

consecutive days above 90°F [32.2°C]) in the past sixyears asin the previous 18 years, which
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indicates a tripling of heat waves over the past 24 years (National Weather Service, 2025a).
These warming trends compound health hazards for Vermonters.

Health risks of heat in Vermont are affected by more than just temperature. Temperature
combines with humidity to create a “heat index,” or perceived temperature (Figure 10-1).
High humidity causes hot temperatures to feel even hotter to humans. For example, when
the relative humidity is 60%, a 90°F (32.2°C) day actually feels like 100°F (37.8°C). In
Vermont, the maximum humidity in summer months, which typically occurs in the overnight
hours, has ranged from 88% to 98% over the past 20 years (see Climate Change in Vermont
2.4.4). Additionally, when factoring air moisture and temperature together, Vermont’s
absolute humidity has increased significantly since 1960 by a total of 12%, or 1.1 gm'3 each
decade (see Climate Change in Vermont 2.4.4). In high humidity, the air is already saturated
with water so sweat is unable to evaporate off skin, reducing the effectiveness of one of the

body’s primary cooling mechanisms.

NWS Heat Index Temperature (°F)

80 82 84 86 88 90 92 94 96 98 100 102 104 106 108 110
40 |80 81 83 85 88 91 94 97 101
45 |80 82 84 87 89 93 096
50 |81 83 8 88 91 95 99
55 |81 84 86 89 93 97 101
60 |82 84 88 91 95 100
65 |82 85 89 103
70 |83 86 90
75 |84 88 92
80 |84 89 94
85 |85 90 96
90 |86 91 98
95 |86 93 100
10087 95 103

Likelihood of Heat Disorders with Prolonged Exposure or Strenuous Activity

Relative Humidity (%)

[] Caution ] Extreme Caution B Danger I Extreme Danger

Figure 10-1 Heat index showing how temperature and humidity combine to create elevated
likelihood of heat-related health risks

Source: National Weather Service (2025c)

Health effects

Extreme heat is known to negatively impact human health in several ways, including
headaches, dehydration, fainting, exacerbation of existing cardiovascular and respiratory
conditions, hospitalization, decreased mental health, adverse pregnancy outcomes, heat
exhaustion, heat stroke, and death (Ebi et al., 2021). It is associated with increases in
emergency department (ED) visits globally (Cheng et al., 2019; Sun et al., 2021). Years with
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more excessive heat days (days with a maximum heat index above the 95™ percentile of
summer daily maxima for 1991-2020) send more Vermonters to the ED with heat-related
illness. Both excessive heat days and heat-related ED visits have increased steadily from
2003-2022 (Figure 10-2).

Heat-related emergency department (ED) visits and excessive
heat days have increased together

Q
o
o 25 250)
o >
o ©
o ©
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© o
—
— 15 15 > =@ Heat Days
g ?
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Figure 10-2 Heat-related ED visits and excessive heat days in Vermont from 2003-2022

Source: Vermont Department of Health (2026f)

Exposure

Compared to warmer climates in the U.S., Vermonters begin to experience heat impacts at
lower temperatures (Kovats & Hajat, 2008). This is partly because their bodies are not as
acclimated to hot weather, and partly because they are less familiar with heat mitigating
practices and lack heat mitigating infrastructure. The inability to acclimate quickly to
warmer temperatures also contributes to higher risk of health impacts. Several factors
outside of the day-of temperature have been linked to increased health care utilization in
Vermont, such as the time of year that the extreme heat day occurs, and the heat index of
the prior day (Figure 10-3).
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Multiple factors beyond daily temperature shape emergency
departmentvisit risk in Vermont

Overnight low > 73°F m K 1.4x risk

Before June 15 m ﬂ 1.7xrisk

Yesterday’s heat index 80°F - 89°F m ﬂ 1.6xrisk
Yesterday’s heat index 90°F - 94°F m m ﬂ 2.4xrisk

Yesterday’s heatindex 95°F+ K2R K2R K2 EXR  4.0xrisk

Figure 10-3 Factors outside of daily temperature with impacts on ED visits

Source: Vermont Department of Health (2023)

Note: Factors such as overnight temperature, time of year, and heat index of the prior day contribute to
increased risk of all-cause emergency room visits in Vermont. Comparison groups: overnight low greater than
73°F compared to less than 73°F; before June 15 compared to after June 15; all prior day heat index categories
compared to heat index less than 80°F. Data collected 2009-2019.

Housing and urban infrastructure can increase exposure to higher summer temperatures.
Urbanized or built-up areas in Vermont have characteristics, like more paved areas and less
tree cover, that can cause local temperatures to be higher than surrounding areas. This
phenomenonis known as the urban heatisland effect. These impacts are not limited to large
cities; smalltowns with similarimpermeable infrastructure (e.g., paved surfaces, roofs) also
experience this effect (Doran et al., 2023). Vermont housing is not well prepared for warmer
temperatures, with only 67% of housing units in Vermont equipped with some type of air
conditioning; just 7% have central air conditioning (U.S. Energy Information Administration,
2023).

Vulnerability

Some people are at higher risk of experiencing heat-related health impacts, such as due to
their day-to-day environment (e.g., place of work, housing) and their individual
characteristics (e.g., age, underlying health). At heightened risk are the elderly, young
children, people with cardiopulmonary and other chronic diseases, people with disabilities,
outdoor workers, people living in mobile homes, low-income and unhoused populations
(Crimmins et al., 2023; Ebi et al., 2021). Individuals younger than 5 years of age and older
than 65 years of age are especially at risk during heat events. Older adults have physiological
changes that decrease their ability to regulate temperature and dissipate heat, such as
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decreased heart function and decreased sweat response. Further, elderly populations may
rely on medications with side effects that also decrease their body’s ability to dissipate heat.
Other conditions, such as mentalillness or immobility can make it harder for people to both
make decisions and take protective action when faced with heat threats (Worfolk, 2000).

Box 10-2: Children and health impacts of climate change

Children are especially vulnerable to health impacts of climate change. Children’s
organs and thermoregulatory systems are not fully developed, making it inherently more
difficult for their bodies to prevent overheating during hot days (Smith, 2019). They may
lack knowledge, capacity, and autonomy in making decisions to put themselves in safer
places when it is hot outside (e.g., go indoors, shade). Child deaths from overheating in
cars are a tragic and preventable example (Dowd, 2018). Vermont has recorded only one
child hot-car fatality since 1990, which occurred in 2024, but continued vigilance is
warranted as Vermonters face rising temperatures (Kids and Car Safety, 2024). Children
will experience more extreme heat days over their lifetime than previous generations,
compounding these effects (Thiery etal., 2021). Vermont schools may enact policies and
invest in infrastructure to protect children from the health risks of climate change, and
many are already doing so (see What you can do).
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Outdoor workers are at increased risk of heat impacts, including 14,580 people employed
in farming, fishing, forestry, construction and extraction occupations in Vermont (U.S.
Bureau of Labor Statistics, 2023), plus 8,331 hired agriculture workers on Vermont farms
(U.S Department of Agriculture, 2024). These workers rely on supervisors and work policies
for heat protection, such as the provision of more frequent breaks, access to shade or
cooling facilities, hydration, and options for alternate schedules that avoid working during
the hottest hours of the day.

Generally, Vermonters in the northeastern and southwestern corners of the state are most
vulnerable to experiencing heat-related health impacts (Figure 10-4) based on VDH analysis
of 17 factors related to heat illness vulnerability, including age, socioeconomic
characteristics, health conditions, environmental characteristics, climate characteristics,
and observed heat illness (Vermont Department of Health, 2016). These locations of
concern are highlighted when population-level vulnerabilities are considered. Appropriate
heat-mitigating interventions will therefore be different from town to town in Vermont.
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10.3.2 Warmer winters

Average winter temperatures are warming (see Climate Change in Vermont 2.4.3), which
can have complex impacts on the health of people in Vermont. For the many Vermonters
who enjoy winter ice recreation—such as ice hockey, outdoor ice skating, and ice fishing—
warmer winters can increase the risk of unsafe ice conditions. Warmer winters may
contribute to decreased incidences of some cold weather-related illnesses, such as
frostbite and hypothermia if cold weather exposure decreases. Research has shown no
clear link between changing winter temperature ranges and lowered winter mortality rates
(Kinney et al., 2015), which could be because deaths in the winter are not primarily driven by

cold weather.

Human Health
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Hazards

Warmer winters can cause hazardous changes to ice formation. For example, ice over lakes
and streams may not freeze as consistently, may not be as thick as previously experienced,
and may melt more rapidly. Ice fishing, pond hockey, and Nordic skating are beloved
hobbies, sports, and seasonal occupations for many Vermonters (see Outdoor Recreation
and Tourism 9.3.1), and changing ice conditions present risks such as weaker ice, limited
cover, or less winter activities (e.g., more sedentary activities). Some risks increase, such as
the persistence and unpredictability of road and sidewalk ice or ice falling from buildings.

9y

Warm winters may result in more freeze-thaw cycles, or “zero-crossing days,” when
temperatures fluctuate around freezing (32°F, 0°C). These zero-crossing days melt snow

and ice, which create hazards on roads, sidewalks, driveways, and buildings.
Health effects

Rapid loss of body heat can occur if someone falls through ice, compounded by life-
threatening bodily responses. For example, involuntary, but natural, reactions to cold water
immersion include gasping for air, breathing irregularly, and hyperventilation, all of which
can cause water inhalation and increased chance of drowning. Sudden spikes in heart rate
and blood pressure as well as cognitive impairment due to panic, fear, or stress can also
occur. Extended cold water exposure can continue to deteriorate cognition and make it
difficult to take injury preventing or life-saving actions (National Weather Service, 2025a).
Cold exposure is associated with hypothermia. Signs of hypothermia include shivering,
exhaustion, confusion, memory loss, and drowsiness (U.S. Centers for Disease Control and
Prevention, 2024a).

Deaths due to ice breakthroughs in Vermont are infrequent but often occur around weather-
related changes in ice conditions. In 2023, a polar vortex occurred, dropping average daily
temperatures to below 0°F (-17°C) on February 3-4 in Vermont. Days later, temperatures
warmed significantly, hovering just above and below freezing (NOAA National Centers for
Environmental Information, 2023; Weather Underground, 2023). On February 9th, a man
died after breaking through ice on Lake Champlain while fishing; two days later, two more
men died when their vehicle broke through Lake Champlain’sice (Archie, 2023). In February
of 2024, a vehicle carrying a family of four broke through ice on Lake Memphremagog,
leaving a 3-year-old in critical condition. Newport Police Chief T. Bingham described the
uneven ice conditions:

There’s about 13 inches of ice in spots on the lake. The spot where the side-by-side
went through was actually about aninch and a half thick. So, it just kind of shows the
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various depths on the lake right now with the weather and winter that we have had.
The ice conditions are not great.” (Morgan & Goodrich, 2024).

The presence of unpredictable road and sidewalk ice can increase slip-and-fall incidents
and car accidents. In Scandinavia, there is a well-studied link between increased number of
zero-crossing days and increased numbers of inpatient and outpatient visits due to ice and
snow related falls and transport accidents (cars and bikes; Maclachlan et al., 2025).

Health data in Vermont shows the complexity of milder winters and cold-weather illnesses.
VDH cautions, “Even during warmer than average winters, people in Vermont are still at risk
for cold-related illness” (2024b). The number of cold-weather-related emergency room
visits (e.g., hypothermia, frostbite, other cold-exposure symptoms) has increased over the
past 20 years (Figure 10-5). For example, the 2023-2024 winter season was warm relative to
the prior five year average, but the number of cold-weather related emergency room visits
was greater than average (Vermont Department of Health, 2024b). Exposure to cold could
be increasing as people venture out on relatively warm days unprepared for winter or for
those chronically exposed. The recent and rapid increase in the number of people living
without housing in Vermont is conservatively estimated at 3,386 people in 2025—a 200%
increase over pre-COVID levels (Housing & Homelessness Alliance of Vermont, 2025).

Cold-related emergency department (ED) visits in Vermont
30

=@ [D Visits = = =LinearTrendline

25

20

15

10

Rate of ED Vistis per 100,000 people

Figure 10-5 Cold-related ED visits in Vermont from 2003-2022

Source: Vermont Department of Health, (2026f)
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Exposure

Ice-breakthroughs can occur any time ice is thin. This often occurs early or late in the ice
season or when there is a rapid thaw. Falls or accidents on ice can occur at many places
that people would encounter on a day-to-day basis, including personal driveways and
walkways, public sidewalks and parking lots, and roadways. The ice may persist for longer
periods of time as winter temperatures oscillate.

Vulnerability

Vermonters that rely on visual cues or prior experience in familiar areas for decision-making
around ice activities may be more vulnerable to ice breakthroughs from climate change
because of increased ice variability and non-uniform freezing and thawing. Visitors to
Vermont, who may be unfamiliar with ice safety practices or local conditions, could also be
more vulnerable to breakthroughs.

Within those at greater exposure to health risks due to uneven or thinice (e.g., those who ice
fish or ice skate), children, elderly populations, and people with disabilities or mobility
limitations are more vulnerable to serious injury or death as a result of an ice breakthrough.
These groups may be less able to self-rescue after falling through. Severe outcomes after
ice breakthroughs may also be more likely in rural and remote areas, due to the contrast
between rapid onset of life-threatening symptoms and longer emergency response times.

Older adults are at elevated risk of winter ice slip-and-fall events (Maclachlan et al., 2025).
At higher risk to winter slip-and-fall accidents are also those that rely on walking or public
transit, people with mobility limitations, and outdoor workers.

10.3.3 What you can do

Increased summer temperatures

Existing adaptations to extreme heat largely involve creating climate-controlled indoor
spaces, which include installing air conditioning in homes and schools (U.S. Environmental
Protection Agency, 2016a) and opening public cooling centers on hot days (Hondula et al.,
2024). However, these solutions risk creating a positive feedback loop. They contribute to a
growing electricity load that could contribute to more greenhouse gas (GHG) emissions and
continued climate change (Lundgren-Kownacki et al., 2018), and as air conditioning cools
indoors, these systems eject heat to the outside. Fortunately, there are effective and
efficient options for climate-controlled indoor spaces. Heat pumps can provide more
energy-efficient cooling, and home weatherization can reduce indoor temperatures and air
conditioning demand (see 10.11.5).
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VDH offers several recommendations for staying cool and safe at an individual level. Taking
time to acclimate properly at the beginning of the summer can help. This means gradually
(over the course of 1-2 weeks) increasing intense activity in hot weather before engaging in
high activity levels on a hot day. People should try to stay cool (e.g., stay in shade or air
conditioning, wear lightweight clothing, avoid hot meals and hot drinks), stay hydrated, stay
informed about heat by following local weather or signing up for weather alerts, and listen
to their body if they feel faint or weak (Vermont Department of Health, 2025u). VDH also
maintains a website with a dashboard of cooling locations, including indoor spaces and
swimming opportunities (see 10.13.1).

There are options to reduce risks at a community level, such as increased social connection
and reduced isolation that are associated with reduced heat-mortality, especially for older
populations (Orlando et al., 2021). Interventions to reduce social isolation can significantly
limit excess deaths during heat waves (Yardley et al., 2011). These actions can be as simple
as checking in on family, friends, and neighbors. VDH offers caregiver-specific guidance for
keeping care recipients safe during periods of high heat (Vermont Department of Health,
2025). Risks to communities due to the urban heat island effect can be mitigated by
collaboration between citizens, city planners and public works engineers to consider
strategic tree plantings, and also the use of advanced novel materials (e.g., permeable
concrete, novel aggregates) on roads and sidewalks and green stormwater infrastructure
(Doran et al., 2025). Solutions should be tailored to the needs identified in individual
Vermont communities.

Warmer winters

To stay safe on winter ice, the Vermont Fish and Wildlife Department recommends testing
ice thickness with a spud bar or auger when traveling across ice, and avoiding flowing water,
mouths of rivers or streams, and old ice holes or cracks (Vermont Fish & Wildlife Department,
2025). The Vermont Fish and Wildlife Department recommends 3.5-4 inches of clear ice for
walking, 8 inches for driving a snowmobile or ATV, and that those thicknesses should be
doubled if the ice is white or cloudy (Vermont Fish & Wildlife Department, 2025). Tell
someone else aboutice plans and anticipated return time before venturing out.

Strategically placed warning signs and hazard communications can increase awareness
and encourage safe behaviors, while personal verbal communication is the most effective
method for ensuring safe practices (Saunders et al., 2019). In Vermont, many community
groups exist, like the Burlington Nordic Skating Club “Sk802 Burlington,” which share up-to-
date information about ice conditions (Sk802 Burlington, 2025).
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Individuals can mitigate risk from icy surfaces or falling ice, such as cautiously inspecting
areas before walking or employing micro-spikes on shoes to improve traction in snow and
ice. Towns and individuals should use de-icing salt sparingly, as salt run-off is harmful to the
health of rivers and lakes. Lake Champlain Sea Grant provides recommendations for
decreasing use of de-icing salt, including shoveling first, using the minimalamount required,
and sweeping up leftover salt for future use (Lake Champlain Sea Grant, 2025).

10.4 EXTREME WEATHER

Historically, Vermont’s extreme weather has been associated with winter snow and ice but,
more recently, Vermonters have become increasingly familiar with drought and flooding.

10.4.1 Drought

In summer 2025, Vermont experienced its worst drought in 25 years (see Climate Change in
Vermont 2.6.3 and Water Resources 4.3.2). Since that event occurred during the writing of
this publication, little data on its health impacts are available. Clear evidence from other

parts of the U.S. and globally shows that drought has many impacts on human health.
Drought’s impacts on human health have numerous pathways, including decreased water
quality (10.7), threats to food security (10.8), induction of stress and decreased mental
health (10.9), decreased air quality (10.5), and changes in vector populations that impact
disease (10.6; Figure 10-6).

The 2025 drought caused significant water shortages across the state (see Water Resources
4.3.2). Six public drinking water systems reported voluntary water conservation notices

between September 18" and October 8" (Vermont Department of Environmental
Conservation, 2026d). After August 22", well users reported 241 water shortages and 361
water outages.

Vermonters’ personal stories provide insight into droughtimpacts, like threats to livelihoods
(see 10.9.2). Speaking during the drought, one small farm owner remarked,

I’m gonna drill a well... the estimate is $20,000, which was not in my budget, but I’'m
just so grateful that they can do whatever it is they’re doing to get me water in about
a month, because otherwise, if | can't get a well drilled this fall, my options are find a
place to board my animals, or | have to sell off the herd (Heilman, 2025).

Fishing guides, like the Fly Rod Shop in Stowe, reported that their business was affected
when low water levels forced them to change trip plans (Finno & Oliver, 2025). The drought
threatened health care infrastructure; in Berlin, a fire hose was rigged as a make-shift
emergency water system when an elder care facility’s well dried up (Finno & Oliver, 2025).
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Figure 10-6 Health impacts of drought and related influencing factors

Source: Stanke et al. (2013)

10.4.2 Flooding

Climate change is increasing and intensifying severe weather events, resulting in elevated
incidences of catastrophic flooding (see Climate Change in Vermont 2.6.2 and Water
Resource 4.5). In 2023, Vermont experienced catastrophic flooding on the scale of what
would have previously been a “100-year flood” from heavy rainfall. These floods—so-
called because they were anticipated to occur once every 100 years—are now expected to
occur much more frequently: every 1-30 years in the southeastern U.S. and Gulf of Mexico
regions and annually in New England (Marsooli et al., 2019).

Hazards

Flooding from stormwater creates many hazards; of most immediate and direct concern is
flowing water that damages roads and buildings. Flooding in Vermont has caused extensive
road closures, including during Tropical Storm Irene (2011) and the summer 2023 floods.
Many roads in Vermont remain at high risk of flooding today (see Infrastructure 7.3.1 and
7.3.2). Secondarily, extreme storms can force the overflow and release of contaminated
wastewater, carrying toxic pathogens into homes and the environment, and causes spillage
and runoff of other chemical contaminants like oil, pesticides, and fertilizer (see 10.7).
Dangers in the aftermath of a flood include growth of harmful mold, contamination of food
crops, contamination of drinking water, and decreased air quality from contaminants
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disturbed both during the flood itself and during flood recovery. Standing water can create
breeding ground for mosquitoes, which present an increasing risk of disease (see 10.6).

Exposures and health effects

Exposure to flowing water during a rain event, during evacuation, and/or during rescue and
clean-up efforts presents acute health risks to humans. Water may be flowing even if it does
not appear to be from the surface. Three of the most common types of deaths are from
drowning or trauma in floodwaters occur in i) vehicles, ii) homes, or iii) directly in water
(National Weather Service, 2016). In Vermont, 4-7 people were killed in 2011 flooding (Keck,
2021; National Weather Service, 2016), two were killed in the 2023 summer floods (National
Weather Service, 2024), and two were killed in the 2024 summer floods (National Weather
Service, 2025c). Non-life-threatening physical harm such as cuts, bruises, and broken
bones can be caused by debris in floodwaters and damaged infrastructure (Wu et al., 2024).

Flooding and heavy rains can increase indirect risk and health impacts. These include faster
currents, debris, and unpredictable flow patterns to streams and swimming holes where
many Vermonters recreate (see Water Resources 4.3.1 and 4.4). Road closures during or
after flooding can prevent access to health care, pharmacies, and emergency vehicles.
During the 2023 and 2024 summer floods, many Emergency Medical Service (EMS) teams
were integral to identifying and reporting debris piles that needed to be removed in order to
unblock roadways (Vermont Disaster Recovery, 2025). Health concerns, such as existing
chronic diseases which require medication or treatment at a health care facility, may be
exacerbated or cause further harm if access to care is blocked. After flooding has subsided,
mold can grow in damp areas in less than 48 hours (U.S. Centers for Disease Control and
Prevention, 2024d), presenting a major health risk, potentially impacting respiratory,
cardiovascular, and neurological health (see 10.5.3).

Many Vermonters have been displaced due to damaged or destroyed homes, businesses
and other buildings. Vermont Emergency Management (VEM) used the 211 call line to
monitor damages from the July 2023 and 2024 flood events with over 400 residences
reporting need for shelter due to those floods (Vermont Emergency Management, 2023).
More reported that their home was uninhabitable (Figure 10-7). Many businesses reported
beinginoperable following the 2023 and 2024 flood events via the 211-call line (Figure 10-8).
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Summer 2023 and 2024 flooding caused 1,026 reports of uninhabitable homes total in Vermont
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Figure 10-7 Maps of residential properties, by county, that were reported uninhabitable after
the July 2023 (left) and July 2024 (right) flood events.
Source: Vermont Emergency Management (2023)

Note: Data compiled by Jessica A. Balerna and visualized by Hannah C. Turner

Mental health significantly decreases for people affected by flooding, including increased
levels of depression and anxiety (Fernandez et al., 2015). Incidences of post-traumatic
stress disorder (PTSD) and post-traumatic stress symptoms tend to increase in flood-
impacted areas from pre-flood levels (North et al., 2004). The hardships associated with
enduring a flood event have been linked to increased substance use (Fernandezetal., 2015),
especially as a result of flood-related job loss or interruption (Peek-Asa et al., 2012).
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Summer 2023 and 2024 flooding caused 551 reports of inoperable businesses total in Vermont
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Figure 10-8 Maps of business properties by county that reported their business was inoperable
after the July 2023 and July 2024 flood events.

Source: Vermont Emergency Management (2023)

Note: Data compiled by Jessica A. Balerna and visualized by Hannah C. Turner

Vulnerability

People in mobile homes are particularly vulnerable to health impacts from flooding (see
Community Development 11.3.1), such as people with existing chronic respiratory disease,
(e.g., asthma, Chronic Obstructive Pulmonary Disease [COPD]) who are more vulnerable to
impacts of mold. It is particularly concerning that almost half (45%) of the 211 callers that
reported mold inthe 2023 and 2024 floods also reported having chronic conditions (Vermont
Emergency Management, 2023).

10.4.3 What you can do

Making preparations in advance is the most effective way to protect individuals, households,
and businesses from the health impacts of flooding. Individuals can create household and
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business emergency plans. VDH provides a list of “flood-safe” behaviors and tips to help in
preparing for floods (Vermont Department of Health, 2025e).

At a community level, planning and strategic investments in infrastructure can provide
effective protection. Hazard Mitigation Plans help guide investments and access to the U.S.
Federal Emergency Management Agency (FEMA) and state funding. These strategic
decisions might include improving storm management infrastructure, such as properly
designed culverts to protect roads (see Infrastructure 7.3.1). Green infrastructure (e.g.,

natural ecosystems) show potential for flood mitigation (Green et al., 2021). For example,
the Otter Creek wetlands and floodplain reduced flood-related damages in Middlebury
during Tropical Storm Irene by 84-95% (Watson et al., 2016).

Effective disaster communications are critical in protecting communities before, during,
and after flood events. An analysis of the disaster communication systems in Vermont
during the 2023 flood events made two main recommendations: 1) risk communication
messages must be timely, clear, audience-driven, location-based, and accessible to the
public, with special attention to the needs of vulnerable communities, and 2) gap analyses
should be conducted, considering the communication governance and the roles of the
various stakeholders involved in the emergency response and recovery (Soares et al., 2025;
see Community Development 11.5).

10.5 AIR QUALITY

Climate change brings new threats to clean air that require renewed focus separate from
point source pollution addressed since the 1960s. In Vermont, climate-related impacts on

air quality have four main causes: wildfire smoke, pollen, mold, and dust/airborne particles.
Each risk primarily impacts people’s respiratory systems but can affect eyes, skin, mental
health, and other essential body systems.

Vermont has some of the cleanest air in the country (American Lung Association, 2025), yet
has the fifth highest asthma rate for adults, underscoring how Vermonters are a vulnerable
population for air quality changes.

10.5.1 Wildfire smoke

Hazard

Wildfire seasons in the U.S. have grown longer and more severe in recent decades
(Westerling et al., 2006) and are likely to worsen in the future (Liu et al., 2013). In the
summers of 2023 and 2025, wildfire smoke from Canadian wildfires darkened skies in
Vermont and the northeastern U.S. (Cutler & LaShomb, 2025; Jain et al., 2024; see Forests
3.6.3). Wildfire smoke contains many hazardous components, including nitrogen dioxide,
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sulfur dioxide, ozone, acrolein, formaldehyde, benzene, toluene, xylene, and fine particles
(Adetona et al., 2016). Wildland fires, which include controlled burns, are the largest PM,s
source in the U.S. (U.S. Environmental Protection Agency, 2023b). PM,s—an airborne
particulate matter of a very small size—is one of the most studied pollutants in wildfire
smoke and can penetrate deep into the small airways of the lungs, causing many negative
health outcomes.

Health effects

Clear links have been found between wildfire smoke and increased health care utilization
(e.g., number of physician visits, emergency room visits, and hospitalizations; Reid et al.,
2016), decreased lung function (Orr et al., 2020), increased respiratory infections (Rappold
et al.,, 2011), increased pneumonia and bronchitis (Delfino et al., 2009), increased
cardiovascular disease (CVD) (Johnston et al., 2014), adverse birth outcomes (Holstius et
al., 2012), and decreased mental health (Eisenman & Galway, 2022).

Wildfire smoke is a relatively new phenomenon in Vermont so few studies exist on the local
impacts. Preliminary data from the smoke-filled summer of 2023 showed decreased lung
function among individuals with asthma and COPD compared to 2021 and 2022 (Ismail et
al., 2025) and decreased asthma control among children with asthma compared to 2022
(Maassel et al., 2025). Anecdotally, pediatric pulmonologists at UVM Health said they
received an increase in phone calls from parents concerned about children’s symptoms
during 2023 (Patterson, 2025). More research and monitoring is needed in Vermont to fully
understand the local health impacts.

Exposure

Outdoor activity increases exposure to wildfire smoke, primarily during the summer when
many Vermonters are outdoors, working or recreating. Outdoor workers and people that are
experiencing homelessness are more likely to be exposed to wildfire smoke. Those
commuting, biking, or bussing to work; children at summer camps, sports practice, and
recess; and families hiking and camping are just a few examples of people that could be
exposed to wildfire.

Staying indoors does not guarantee protection from wildfire smoke, as indoor air quality is
often just outdoor air, especially as many Vermonters do not have air filtration systems and
rely on keeping windows open for cooling. As noted above (see 10.3), only 7% of housing
units in Vermont have central air conditioning (U.S. Energy Information Administration,
2023). Guidance to stay inside and close windows can be further complicated by other co-
occurring risks. For example, wildfire smoke and flooding often both occur during summer
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months and guidance for remediation of mold following a flood includes opening homes to
provide air flow and drying (U.S. Centers for Disease Control and Prevention, 2006).

Vulnerability

These impacts can be greater on children (Henry et al., 2021; Zhang et al., 2024), whose
respiratory systems are still developing, and on those with pre-existing cardiovascular and
respiratory diseases, such as asthma and COPD (Borchers Arriagada etal., 2019; Reid et al.,
2016). Older adults, due to age-related physiological declines and higher prevalence of
chronic disease, are also at increased risk of health impacts from wildfire smoke (Vega et
al., 2025). Those with greater unavoidable exposure are also more vulnerable, such as
people working outdoors or experiencing homelessness.

10.5.2 Pollen

Hazard

One indirect effect of climate change is the increased risk from aeroallergens (Kim et al.,
2025) from expanding and intensifying pollen seasons (Anderegg et al., 2021). Different
types of pollen dominate the air at different times of the year. In Vermont, tree pollenis more
present from spring through early summer (March through June), grass pollen is present
most often in early summer (late May through June), and weed pollen is present most often
in late summer (August; Vermont Department of Health, 2025f).

The main changes seen in pollen aeroallergens due to climate change are 1) lengthened
pollen season due to longer periods of warm weather and longer freeze-free periods
(Anderegg et al., 2021; see Climate Change in Vermont 2.4.4 and Agriculture and Food
Systems 6.3.1), 2) increasingly severe pollen periods (plants release more pollen with more
CO: in the air; D’Amato & D’Amato, 2023), and 3) change in the composition and
allergenicity of pollen (Kurganskiy et al., 2021; Pacheco et al., 2021; Rowney et al., 2021). In
Vermont, average daily pollen counts for tree pollen have trended upward since 2009 (Figure
10-9). Further complicated by climate change is the creation of “thunderstorm asthma”
(D’Amato & D’Amato, 2023; Price et al., 2021), which occurs when high humidity causes
pollen grains to expand and rupture, creating smaller particles that penetrate deeper into
the lungs and trigger asthma symptoms.
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Figure 10-9 Average daily pollen counts for trees, grasses, and weeds over time in Vermont from
2009-2024

Source: Vermont Department of Health (2025f)

Health effects

The main health impact of pollen is as an airborne allergen, or aeroallergen. Inhaling
aeroallergens can trigger the release of histamines, defensive chemicals in the body that
cause called allergic rhinitis (hay fever). Hay fever symptoms can interrupt daily life,
including sneezing, nasal congestion, sinus pressure, headaches, mucus production, and
postnasaldrip (U.S. Centers for Disease Controland Prevention, 2025a). Allergic rhinitis can
exacerbate existing respiratory and CVDs (e.g., asthma, COPD), causing even more severe
symptoms (Thomas, 2006).

Aeroallergen exposure can increase the risk of allergic sensitization, the development of an
extreme sensitivity to the allergen. Infants and children living in a climate change-modified
pollen season are at a higher risk than their parents or grandparents were of developing
pollen allergies (Choi et al., 2021). When modeling the effects of these lengthened pollen
seasons at 3.6°F (2°C) and 7.2°F (4°C) of global warming, one report predicted an additional
5,800-10,000 asthma-related ED visits, an additional 41,000-72,000 office visits for allergic
rhinitis, and an additional 121,000-211,000 allergy prescriptions filled annually in the U.S.
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(U.S. Environmental Protection Agency, 2023a). Of note, the report also identified Vermont
in the top five worst-affected states.

Exposure

Pollen exposure is a risk to anyone outdoors in an area of pollen-producing vegetation, and
pollen is more present in areas densely vegetated with pollen sources (e.g., in forests).
People indoors are at risk during pollen season if windows are open; since pollen seasons
occur across spring, summer, and fall, the weather that is nicest for window-opening can
coincide with periods of high pollen counts (also wildfire smoke, see 10.5.1).

Vulnerability

People with underlying health conditions or whose occupations require them to be outside,
especially in farms, forests, and natural areas, are at higher risk for experiencing negative
health impacts from pollen. Outdoor recreators may have an increased risk, especially
those recreating in, or nearby, vegetated areas (e.g., bird watchers, hikers, cyclists). Those
with asthma, COPD, or otherrespiratory or CVDs are at particularrisk, as an allergic reaction
to airborne pollen could trigger or exacerbate existing symptoms, especially in children
(Cox-Ganser, 2023).

10.5.3 Mold

Hazard

Health risks from mold increase in warm weather, humidity, and flooding, all of which are
occurring in Vermont (see Climate Change in Vermont 2.4.4, 2.6.2). Mold levels are
correlated with severity of flooding (Pakdehi et al., 2025; Riggs et al., 2008) and mold can
grow in damp spaces in less than 48 hours, while flood recovery can take weeks to years.
Recommendations from the Centers for Disease Control and Prevention (CDC) and VDH to
prevent mold include opening buildings to outdoor air circulation to dry them, but
compounding climate change events such as extreme heat and wildfire smoke sometimes
require the opposite protective action. This further increases the risk of mold growth after
flooding, as Vermonters are forced to choose between conflicting guidelines for different
climate-related health hazards (see 10.10).

Mold is not just a product of flooding; it can form and thrive in any moist environment due to
leaks inroofs or pipes or in humid environments (e.g., bathrooms, poorly ventilated washing
machines). It thrives on many different surfaces, including (but not limited to) wood,
cardboard, drywall, ceiling tiles, fabric and upholstery, insulation, and potted plants.
Common types of mold found in the home are Cladosporium, Penicillium, and Aspergillus
(U.S. Centers for Disease Control and Prevention, 2024e). "Black mold" and "toxic mold,”
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although commonly used terms in the media, can be misleading because they do not
describe a species or specific type of mold. All types of mold have the potential to cause
negative health impacts.

Health effects

Some people are specifically allergic or sensitive to mold, with common reactions including
sneezing, nasal stuffiness or runny nose, itchy or watery eyes, and skin rash either
immediately upon contact or delayed (U.S. Centers for Disease Control and Prevention,
2025e). Mold can trigger or exacerbate asthma symptoms (e.g., coughing, wheezing,
shortness of breath). It is estimated that exposure to mold and moisture in homes increases
the risk for many asthma related health outcomes (e.g., development of asthma), by about
30-50% (Fisk et al., 2007). Other health effects linked to mold exposure include respiratory
infections, bronchitis, and eczema (Mendell et al., 2011). Mold exposure can cause some
fungal infections, especially in people who are immunocompromised, but fungal infections
are not limited to transmission through mold exposure (Metts, 2008).

Exposure

Health concerns from mold exposure primarily stem from mold inhalation, as the small
particle size (2-10 um) can penetrate both the large and small airways of the upper and lower
respiratory tract (U.S. Centers for Disease Control and Prevention, 2006). Mold particles
become airborne through the disturbance of contaminated materials or when mold is
present within heating, ventilation, and air-conditioning (HVAC) systems. People can come
into contact with mold through ingestion and skin contact (U.S. Centers for Disease Control
and Prevention, 2006).

Some insight into mold exposure specifically due to flooding in Vermont can be gained from
examining data from 211 calls from businesses and individuals requesting assistance from
VEM. Of the residents that reported mold presence in their home following the July 2023
flood (Figure 10-10), 71% reported that they could still live in their home, possibly because
the mold was localized to specific areas of their home.
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Summer 2023 and 2024 flooding caused 1,205 reports of mold presence total in homes in Vermont
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Figure 10-10 Maps of residential properties by county that reported the presence of mold in
their home following the July 2023 (left) and July 2024 (right) flood events.

Source: Vermont Emergency Management (2023)

Note: Data compiled by Jessica A. Balerna and visualized by Hannah C. Turner

Vulnerability

The most vulnerable people to severe health impacts from mold include those with
compromised immune systems and/or existing respiratory disease (e.g., asthma). Infants,
young children, and older adults are more vulnerable due to development or weakened
immune systems (U.S. Centers for Disease Control and Prevention, 2024e). Additionally,
some people may not have the financial or social resources to move out of a mold-affected
home while awaiting remediation or have access to outside assistance.

10.5.4 Dust and airborne particles
Hazard

Drought dries out soil and surfaces, increasing the likelihood of particles becoming airborne
from wind and other disturbances. These particles can vary in size but tend to be coarser
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(0.4-10 um). Drought can lead to large dust storms, which are unlikely in Vermont due to its
geography and vegetation; however, localized, minor dust episodes can occur in areas of
exposed soil (e.g., agricultural fields). Fugitive road dust or airborne dust from roads is likely
to be more common with drought in Vermont (Chen et al., 2019). In a state with more dirt
roads (8,543 miles) than paved roads (7,226 miles), airborne dust from roads can greatly
increase during periods of drought (Vermont Agency of Transportation, 2024; see
Infrastructure 7.3.3). Dust generated from other activities, like construction, could also be
amplified during periods of drought.

Health effects

Links between health and climate-change-induced increases in airborne dust have notbeen
heavily studied in Vermont, but health effects of dust inhalation have been investigated
globally—including coughing, wheezing, and exacerbation of existing conditions (e.g.,
asthma) and causing increases in emergency room visits and hospitalizations (de
Longueville et al., 2013; Stanke et al., 2013). The 1930s Dust Bowlin the U.S. caused deaths
due to “dust pneumonia,” inhaling excessive amounts of dust and dirt (Stanke et al., 2013).
In addition to dirt and particulate matter, airborne dust can also carry microorganisms like
bacteria and fungi; increased cases of viral and fungal infections have been associated with
dust storms in other parts of the world (Schweitzer et al., 2018). Due to Vermont’s heavily
forested geography, dust conditions from drought would likely not come close to the
concentrations of dust being studied in these other areas, but more localresearch is needed
to fully understand health effects for Vermonters particularly given the pervasiveness of dirt
roads in the state.

Exposure

Exposure to environmental dust and airborne particles occurs primarily outdoors near dust
sources (e.g., dirt roads, open fields) but particles can enter indoor spaces through open
doors and windows. Dust-associated health concerns stem primarily from inhalation, so
activities that require higher breathing rates (e.g., outdoor labor, running) place individuals
at higher exposure rates including construction workers, road workers, and farmers.

Vulnerability

Young children, elderly adults, and individuals with heart and lung conditions are likely to
experience more severe health impacts from dust exposure than others (Schweitzer et al.,
2018). Those living and working in rural and semi-rural areas or outdoors are also more
vulnerable, due to the increased likelihood of dust generation in these areas.
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10.5.5 What you can do

Effective communication of hazards is required for mitigating health impacts of poor air
quality from any source, including transmission and reception—individuals need to know
how to access and interpret information like the air quality index (AQI, a compilation of air
quality components).

Health care providers can create anticipatory health plans with patients for actions for low
air quality days (e.g., adjusting medication, changing personal behavior). For many patients,
poor air quality induces fear and anxiety over potential health impacts so providers’
education and guidance on protective behaviors are an important way to ease these feelings
(Parker etal., 2019).

At anindividual level, protective actions include limiting time outside during periods of poor
air quality, wearing arespirator, and staying indoors in rooms with air filtration systems (U.S.
Centers for Disease Control and Prevention, 2025h). Existing HVAC systems can be
improved by installing High-Efficiency Particulate Air (HEPA) filters, and affordable portable
aircleaners can be made using a box fan and furnace filter (Figure 10-11; Holder et al., 2022).

Communities can take actions to keep their citizens safe, such as investing in air filtration
systems in public buildings (e.g., schools, community centers); creating “clean air” shelters
(similar to cooling centers); and creating guidelines for recess and sports practices (e.g.,
shifting a sports practice to a “skills” day instead of a conditioning day). Airnow.gov is a
federal website with an air quality flag program that communities can adopt that uses a
participatory approach to provide local air quality information while informing individuals
about safe behaviors (U.S. Environmental Protection Agency, 2015a).

DIY Air Cleaner to Reduce Wildfire Smoke Indoors: Basic Design
Materials Assembly

1. Attach the air filter
to the back of the
box fan using either
clamps, duct tape or
bungee cords.

[ v 5 TINIONT

2.Check the filter for

20" X 20” X 1” or 4” air filter 20" X 20" box fan - -
the direction of the

Suggested rating: MERV 13 Only use certified fans

with UL or ETL marking air flow (marked on
12012 modelornensr) the side of the filter).
oF oF 3. Replace filters when
dirty.
Clamps Duct Tapr Bungee Cords

Learn about box fan safety tips:
httes://www.epa gov/air-research/research-diy-air-cleaners-reduce-wildfire-smoke-indoors#FAQ

Figure 10-11 An affordable portable air cleaner for filtering particulate matter from indoor air
during wildfire smoke.

Source: U.S. Environmental Protection Agency (2021)
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10.6 TICK AND MOSQUITO-BORNE DISEASES

Changes to temperatures and precipitation due to climate change will impact the
prevalence of vector-borne diseases in Vermont. Temperature can affect the habitat range
of vector species (e.g., mosquitoes, ticks), their life cycles and survivability, the population
sizes of their hosts (e.g, deer, mice), and their behavior (Eisen et al., 2016; see Fish and
Wildlife 5.7.3). Increased precipitation may increase mosquito breeding habitat (standing
pools of water). While drought decreases this habitat, it also concentrates mosquitoes and
reservoir species at fewer water sources, supporting disease transmission.

10.6.1 Tick-borne diseases

The primary tick disease vector in Vermont is the deer tick, also known as the black-legged
tick (Ixodes scapularis). Other species found in Vermont (e.g., American dog tick or wood
tick[Dermacentor variabilis], groundhog tick [Ixodes cookie]) can spread diseases (Vermont
Department of Health, 2016).

Ticks develop through different life stages (from egg to an adult), and they require blood
meals to develop (Ostfeld, 2011). Nymphs, the life stage between larvae and adults, are
most likely to transmit diseases to humans due to the temporal overlap of their peak
population with human activity at the start of the summer, their smaller size which makes
them harder to spot and remove, and their generally higher rates of infection (Ostfeld, 2011).

The following tick-borne diseases have been detected in Vermont: Lyme disease,
anaplasmosis, babesiosis, hard tick relapsing fever, and Powassan virus disease. Hard tick
relapsing fever and Powassan virus disease have much lower prevalence rates than the
other three diseases, and as such, they will not be discussed further in this report.

These diseases have overlaps in their exposure patterns and vulnerabilities. To reduce
repetition, patterns found among all the described diseases are listed in the two following
sections. Additional information specific to each disease follows.

Exposure (all tick-borne diseases)

Ticks wait on a plant to climb onto hosts, including humans, that brush against the plant.
Ticks can be found in forested areas and areas with tall grass throughout Vermont. Forest
edge habitat is a particular area of concern as there are increased populations of host
species, which may lead to increases in diseases (Diuk-Wasser et al., 2021). As such, it is
important to note that while climate change is a key factor driving changes in vector-borne
disease rates in Vermont, it is not the sole driver. Changes in land use, such as forest
fragmentation that increases border habitat (forest edges), impact the prevalence of these
diseases. Yards are an area where people can be exposed, and there is some evidence that
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yardwork that decreases tick habitat (like clearing brush) may increase exposure (Fischhoff
etal., 2019).

Tick exposure is of greatest concern in Vermont between May and June and between
October and November, as the ticks are most actively seeking new hosts at these times
(Vermont Department of Health, 2026e). As shoulder seasons warm or lengthen (see
Climate Change in Vermont 2.4.5), overlapping tick activity and human recreation periods

will increase (see Outdoor Recreation and Tourism 9.5.3), leading to higher levels of
exposure risk (Bouchard et al., 2019). However, extreme heat waves, which are also
increasing in occurrence (see Climate Change in Vermont 2.6), may reduce both tick and

human activity temporarily (Bouchard et al., 2019).

Individuals are often unaware of tick exposure that may lead to undercounting of incidence
of tick-borne diseases, especially among cases with little to no symptoms. If people are
unaware of a tick bite, they may not seek diagnosis or treatment until symptoms increase.

Vulnerability (all tick-borne diseases)

Incidence rates of tick-borne diseases vary by age, sex, occupation, and location. See
respective disease sections to learn more. Incidence rates generally increase with age,
although children have been identified as a higher-risk group for Lyme disease. This may
reflect children’s likelihood of exposure due to playing in tick habitat or age-related
susceptibility to infection (Kugeler et al., 2022). Higher rates of tick-borne diseases among
older adults may reflect the large aging “baby boom” generation, at least for Lyme disease
(Kugeler et al., 2022). Additionally, older adults may have poorer immune function and thus
greater susceptibility to disease.

Incidence of both Lyme disease and babesiosis in Vermont is higher among males than
females (Vermont Department of Health, 2025i, 2025l). This may be because of differences
in symptoms, diagnosis/reporting, or behaviors that affect exposure risk between sexes
(Kugeler et al., 2022).

People with outdoor occupations in high risk tick habitat (e.g., foresters, farmers,
landscapers, trail maintenance crews), are especially vulnerable due to increased exposure
risk (Roome et al., 2026; U.S. Environmental Protection Agency, 2025a). Outdoor recreators,
such as hikers and gardeners (Kim et al., 2024), and households with indoor/outdoor pets
(Mead et al., 2018) have increased exposure risk.

Lyme disease

Hazard (Lyme disease)
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Lyme disease is the most common tick-borne disease in Vermont, and incidence has
increased in recent years (Figure 10-12) although the definition of a reportable case has
changed. In 2008, there were 64.7 cases per 100,000 people in Vermont, and by 2024, that
number had increased to 268.9 cases per 100,000 people (Vermont Department of Health,
2025m). Starting in 2022, the definition of a reportable case changed for states like Vermont
with high incidences of Lyme disease (Vermont Department of Health, 2025m) so cases are
now based on lab results and do not require a clinical diagnosis. This has contributed to an
increase in reported cases since 2020. Before this definition change and the COVID-19
pandemic, 5,736 cases of Lyme disease were reported in Vermont between 2013-2019, with
an average of 819 per year.

The bacterial pathogen that causes Lyme disease, Borrelia burgdorferi, is also the most
detected pathogen in Vermont ticks. Between 2015 and 2024, Borrelia burgdorferi was
detected in 52.1% of the ticks tested (n= 3,435) through a Vermont Agency of Agriculture,
Food & Markets (VAAFM) monitoring program (2025).
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Figure 10-12 Lyme disease incidence in Vermont (cases per 100,000 people), 2008-2024

Source: Vermont Department of Health (2025m)

Health effects (Lyme disease)
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For at least 50% of cases, symptoms of Lyme disease include rash, joint pain, fatigue, fever,
sweats, and chills (Figure 10-13; Vermont Department of Health, 2025i). According to VDH,
an erythema migrans (bullseye pattern) rash is reported in 68% of cases, but other studies
attribute a higher symptom prevalence, at 80% of cases (McCollough, 2018).

Rash is the most commonly reported sign or symptom of Lyme disease.

Erythema migrans (EM) rash _ 68%
point pain | -
Fever/sweats/chills _51%
aretvics | 7+
Headache | ;-
Neck pain _23%
Other rash _17%

Bell's palsy or other nerve damage - 1%

Figure 10-13 Reported signs and symptoms of Lyme disease

Source: Vermont Department of Health (2025i)

Vulnerabilities (Lyme disease)

Those at higher risk include people working outdoors and males, who have higherincidence
rates across all age ranges than females (Gould et al., 2025). The incidence gap between
sexes is highest among males ages 5-14 and 80 or older (Vermont Department of Health,
2025m). This aligns with trends identified at the national level. In an analysis of national
surveillance data from 1992-2006, there was a disproportionate increase inincidence rates
among young males compared to young females (Bacon et al., 2008). A separate national
analysis of data from 1992-1996 and 2012-2016 found a similar trend, with incidence rate
ratios between 39-89% higher among males than females in most age groups (Kugeler et al.,
2022). Neither study was able to identity the reason for this difference between sexes,
although Kugeler et al. suggested it could be due to demographic trends, behavioral
differences, or physiological differences that impact clinical manifestation (2022).

Incidence rates in Vermont peak at younger ages (5-14), dip, and then rise again from ages
20-79, before rates fall again (Vermont Department of Health, 2025m). Based on a national
analysis of Lyme disease cases between 1992-2016, the average age of infected adults
increased throughout that period and corresponded with the age of the “baby boom”
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population, indicating that Lyme may be more common among older adults because that
population group is larger (Kugeler et al., 2022).

People living in certain counties of Vermont are also at higher risk. From 2018-2022, density
of Borrelia burgdorferi-infected ticks was highest in Addison and Rutland counties (12.5 and
12.2 ticks per 1,000 square meters, respectively; Vermont Department of Health, 2024b).
Incidence among people is also higher in southern counties (Figure 10-14).
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Figure 10-14 Lyme disease incidence (cases per 100,000 people), 2022

Source: Vermont Department of Health (2025i)

Clinical presentation and access to care can also influence risk. People of lower
socioeconomic status may be at higher risk of developing disseminated disease (disease
that has spread to multiple areas of the body) due to associated barriers to health care
(McCollough, 2018). People who do not present the typical erythema migrans rash first
before experiencing other symptoms are also more likely to experience increased time to
diagnosis and treatment (Rebman et al., 2023).
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Anaplasmosis
Hazard (Anaplasmosis)

Anaplasmosis is the second-most common tick-borne illness in Vermont and the fastest
emerging tickborne disease in Vermont (Vermont Department of Health, 2025k; Figure
10-15).
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Figure 10-15 Incidence of anaplasmosis in Vermont (cases per 100,000 people), 2008-2024

Source: Vermont Department of Health (2025m)

Anaplasmosis is caused by the bacterium Anaplasma phagocytophilum. In ticks collected
by VAAFM’s Environmental Surveillance Program between 2020-2024, Anaplasma
phagocytophilum and Borrelia burgdorferi were the two pathogens most likely to co-infect a
tick, with an average co-infection rate of 6.14% among ticks tested (Vermont Agency of
Agriculture, Food & Markets, 2025). Between 2015-2024, Anaplasma phagocytophilum was
detected in 9.92% of the ticks tested through VAAFM’s monitoring programs (Vermont
Agency of Agriculture, Food & Markets, 2020, 2025).

Health effects (Anaplasmosis)

Over 70% of Vermonters with anaplasmosis between 2013 and 2022 reported fever, malaise,
chills, and muscle pain/aches (Vermont Department of Health, 2025k). Since rashes are a
rare symptom of anaplasmosis, an erythema migrans rash may indicate co-infection with
Borrelia burgdorferi, the pathogen that causes Lyme disease (New Jersey Department of
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Health, 2025). Approximately 36% of Vermont anaplasmosis patients are hospitalized, and
if the disease is not detected and treated promptly, it may be fatal, especially in older adults
and people with other health conditions (Vermont Department of Health, 2025k).

Vulnerabilities (Anaplasmosis)

Higher incidence rates are reported among older adults, with incidence rates peaking
among Vermont males ages 75-79 and Vermont females ages 80-84 (Vermont Department
of Health, 2025m). This may be associated with the higher risk of severe illness among those
with impaired immune systems and the fact that advanced age leads to immune system
decline (New Jersey Department of Health, 2025). Delayed treatment, similar to Lyme
disease, is another risk factor for severe illness (New Jersey Department of Health, 2025).

Males and people living in southern Vermont also experience higher incidence rates
(Vermont Department of Health, 2025k; Figure 10-16). From 2018-2022, Rutland County
had the highest density of Anaplasma phagocytophilum-infected ticks at 2.6 ticks per 1,000
square meters (Vermont Department of Health, 2024e).
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Figure 10-16 Anaplasmosis disease incidence (cases per 100,000 people), 2022

Source: Vermont Department of Health (2025k)
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Babesiosis
Hazard (Babesiosis)

Babesiosis, the third-most common tick-borne disease in Vermont, is caused by the blood
parasite, Babesia microti. While incidence rates are substantially below that of
anaplasmosis, there has been a similar dramatic increase in annual incidence rates since
2013 (Vermont Department of Health, 2025l; Figure 10-17).
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Figure 10-17 Incidence of babesiosis in Vermont (cases per 100,000 people), 2008 to 2024

Source: Vermont Department of Health (2025m)

Health effects (Babesiosis)

The three most common symptoms, reported in more than 70% of cases in Vermont, are
fatigue, fever, and chills; however, it can also lead to more severe symptoms and death
(Vermont Department of Health, 2025l). These more severe symptoms develop because
babesiosis affects red blood cells, and, when this happens at a high enough rate, leads to
hemolytic anemia, a condition characterized by an overall decrease in red blood cells (U.S.
Centers for Disease Control and Prevention, 2024b). Symptoms that may predict
hospitalization or severe illness include nausea, vomiting, diarrhea, and
hyperbilirubinemia/jaundice (Mareedu et al., 2017).

Exposure (Babesiosis)
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Babesiosis has another exposure pathway that makes it unique compared to other tick-
borne diseases described here. In addition to exposure through tick bites, people can be
exposed through blood transfusions. If a pregnant parent is infected, babies can also be
exposed in the womb or during birth (U.S. Centers for Disease Control and Prevention,
2024b).

Vulnerabilities (Babesiosis)

Males and the elderly are more likely to have reported babesiosis cases. In an analysis of
national surveillance data from 2011-2015, among patients with available data, 65.9% were
male, and the median age was 63 years (Gray & Herwaldt, 2019). The reason for higher rates
among males is unknown but could be due to behavioral or physiological differences. A
study of hospitalized babesiosis patients in New York between 1982-1993 found that male
sex was associated with severe health outcomes but could not determine any potential
explanatory mechanisms (White et al., 1998). Additionally, those with compromised
immune systems, alkaline phosphatase values over 125 units/liter (U/L)—due to liver
disease or bone diseases like osteoporosis—leukocytosis (high white blood cell counts), a
removed spleen, or kidney disease are all at higher risk of severe disease (Cleveland Clinic,
2021, 2022; Vermont Department of Health, 2025(; White et al., 1998).

Similar to other diseases, location within Vermont also affects risk, with southern counties
having higher incidence rates (Vermont Department of Health, 2025L; Figure 10-18). Rutland
County had the highest infected tick density from 2018-2022, with 2.8 infected ticks per
1,000 square meters (Vermont Department of Health, 2024e).
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Figure 10-18 Babesiosis disease incidence (cases per 100,000 people), 2022
Source: Vermont Department of Health (2025l)

10.6.2 Mosquito-borne diseases

Temperature and precipitation affect the range and reproduction of mosquitoes, impacing
the types and prevalence of mosquito-borne diseases. Longer warm periods can extend the
mosquito season, and increases in standing water provide habitat for breeding (see Fish and
Wildlife 5.7.3). There are currently three locally transmitted mosquito-borne diseases in
Vermont, all three with low incidence rates compared to tick-borne diseases: West Nile
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virus, Eastern Equine Encephalitis virus, and Jamestown Canyon virus. VDH tests
mosquitoes collected from sites around the state each week from June through October for
the three mosquito-borne viruses. A new mosquito species, Aedes albopictus, has been
declared to be locally reproducing in Windham county (Vermont Department of Health,
2025t), which is troubling as it can transmit viruses like Zika and Dengue (Vermont
Department of Health, 2025t).

West Nile virus (WNV)
Hazard & exposure (WNV)

West Nile virus (WNV) is transmitted by a variety of mosquitoes, mostly those in the Culex
genera. It has been detected across Vermont since 2002, with 0-5.2% of tested pools (group
of 1-50 mosquitoes of the same species, collected at the same trap location, on the same
date) testing positive for WNV each year between 2003 and 2025 (Vermont Department of
Health, 2020; Vermont Department of Health, 2025h; Figure 10-19). From 2002-2023, 17
cases of WNV in humans were reported in Vermont.

Temperature and precipitation affect the virus directly in addition to affecting the mosquito
populations. A different strain of WNV (WNO2) than the strain that was firstintroduced in the
U.S. became dominant nationally due to its temperature-related advantages. WNO2 is more
efficient at being transmitted and replicates faster at higher temperatures, leading to a
higher viral load in infected mosquitoes (Kilpatrick et al., 2008).

Health effects (WNV)

Eighty percent of people infected with WNV are asymptomatic (Vermont Department of
Health, 20250). For those with symptoms, the majority exhibit fever, headache, fatigue, and
occasionally rash or other symptoms. However, less than 1% (1 in 150 infected individuals)
experience neuroinvasive disease (typically encephalitis, meningitis, or acute flaccid
myelitis; U.S. Centers for Disease Control and Prevention, 2026; Vermont Department of
Health, 2025q). Out of those severe neurological cases, 10% result in death (Vermont
Department of Health, 20250).
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Figure 10-19 Symptomatic human cases of West Nile virus (WNV), 2003-2024 (y-axis, left) and
percent of mosquito pools positive for WNV, 2003-2025 (y-axis, right)

Source: Agency of Agriculture Food and Markets (2026); Vermont Agency of Agriculture, Food & Markets &
Vermont Department of Health (2024); Vermont Department of Health (2025h, t)

Note: Human cases were counted from VDH-related sources. Cases from 2003-2023 were found in the
Arbovirus Surveillance and Response Plan. Cases from 2024 were found in the 2024 Mosquito-Borne Virus
Surveillance Report. Cases from 2025 were from the VDH website. The percent of pools that tested positive for
WNV was taken from VAAFM’s annual Mosquito Surveillance Reports from 2023-2025.

Vulnerabilities (WNV)

Severe WNV disease is more common in people with reduced immune function or
comorbidities like diabetes or hypertension (Vermont Department of Health, 20250).
Mortality rates for neuroinvasive disease are higher for patients aged 70 or older (20%) or
those with certain immunodeficiencies related to treatments that deplete B cells, organ
transplants, leukemia, lymphoma, and myeloma (Gould et al., 2025). People experiencing
unsheltered homelessness are at increased risk of exposure because of more time spent
outside, especially during mosquitoes’ peak activity, and are more likely to have conditions
thatincrease their risk for severe disease (Ramin & Svoboda, 2009).

Eastern Equine Encephalitis (EEE)

Hazard & exposure (EEE)
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Eastern Equine Encephalitis (EEE) virus can be transmitted to humans by mosquitoes in the
Aedes, Culex, Ochlerotatus, and Coquillettidia genera (Vermont Agency of Agriculture, Food
& Markets & Vermont Department of Health, 2024) that create a path from the reservoir
(birds) to human hosts. EEE virus is believed to come to Vermont in cycles that relate to bird
migration patterns (Oliver, 2025).

EEE antibodies indicate a past or current infection and were first detected in Vermont in
2010 in moose and deer (Mutebi et al., 2012). Vermont’s first outbreak of active illness was
on an emu farm in 2011 (Saxton-Shaw et al., 2015). EEE was detected again in 2012-2015
and for a third time in 2023-2025 (Vermont Agency of Agriculture, Food & Markets & Vermont
Department of Health, 2024; Vermont Department of Health, 2025t; Figure 10-20). In 2023,
14 mosquito pools tested positive, but there were no reported human cases (Vermont
Department of Health, 2024c). In 2024, there were 86 positive pools and 2 reported human
cases (Vermont Department of Health, 2025h). These were the first cases of EEE in Vermont
in humans since 2012 (Vermont Department of Health, 2025h).
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Figure 10-20 Symptomatic human cases of Eastern Equine Encephalitis (EEE) (y-axis, left) and
percent of mosquito pools testing positive for EEE, 2012-2025 (y-axis, right)
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Source: Agency of Agriculture Food and Markets (2026); Vermont Agency of Agriculture, Food & Markets &
Vermont Department of Health (2024); Vermont Department of Health (2025h, t)

Note: Human cases were counted from VDH-related sources. Cases from 2003-2023 were found in the
Arbovirus Surveillance and Response Plan. Cases from 2024 were found in the 2024 Mosquito-Borne Virus
Surveillance Report. Cases from 2025 were from the VDH website. The percent of pools that tested positive for
EEE was taken from VAAFM’s annual Mosquito Surveillance Reports from 2023-2025.

Health effects (EEE)

Most human infections (96%) are asymptomatic (Banda et al., 2025) but symptomatic
disease can cause fever, fatigue, myalgia, and arthralgia, or neuroinvasive disease leading
to encephalitis or meningitis. The fatality rate for symptomatic cases ranges from 30-40%
(Banda et al., 2025).

Vulnerabilities (EEE)

Immunocompromised people and people younger than five or older than 60 are more likely
to have symptomatic EEE (Banda et al., 2025). Neuroinvasive case rates are about two times
higher among males than females (Banda et al., 2025). The reason for this difference
between sexes is unknown and could reflect differences in exposure or likelihood of
experiencing symptoms once infected. In Vermont, human or animal cases of EEE have only
occurred in five counties: Addison, Chittenden, Franklin, Orleans, and Rutland (Vermont
Department of Health, 2025h).

Jamestown Canyon Virus (JCV)
Hazard & exposure (JCV)

Monitoring for Jamestown Canyon Virus (JCV) started in 2025 (Vermont Agency of Agriculture
Food and Markets, 2025). It was first detected in mosquitoes in Rutland County (July 2025),
and subsequently in Marshfield and Whitingham towns, and the first human case was
confirmed in September 2025 (Windsor County) (Vermont Agency of Agriculture Food and
Markets, 2025; Vermont Department of Health, 2025t; Vermont Department of Health &
Vermont Agency of Agriculture, Food & Markets, 2025).

Health effects (JCV)

Symptoms typically include fatigue, fever, and headache, but severe disease can lead to
encephalitis (U.S. Centers for Disease Control and Prevention, 2024c). Nationally (2011 to
2022), an average of 23 neuroinvasive cases were reported annually (U.S. Centers for
Disease Control and Prevention, 2025g).

Vulnerabilities (JCV)
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Information on vulnerabilities to JCV is limited. Vulnerabilities are likely similar to those for
WNV and EEE, since the mechanism and health effects are similar.

10.6.3 What you can do

Tick-borne diseases

Individuals should take steps to prevent tick bites when recreating or working outside. These
include avoiding forest edge habitat or walking in tall grass, wearing long sleeves and pants,
treating outdoor clothing and gear with permethrin, using tick repellents, showering and
checking for ticks after spending time outside, and checking outdoor pets for ticks
(McCollough, 2018; see 10.13.4). When checking for ticks, special attention should be paid
to the scalp, groin, neck, shoulders, and areas behind the ears (McCollough, 2018). Both the
U.S. Environmental Protection Agency (EPA) and American Academy of Pediatrics state that
use of DEET and picaridin are safe for children over 2 months of age (McCollough, 2018).

Ticks can be sent to VAAFM’s Passive Tick Surveillance Program to identify the species and
life stage, but testing for pathogens is not performed.

Mosquito-borne diseases

Individuals should protect against mosquito bites with long clothing and insect repellent
usage. Additionally, VDH recommends limiting time outdoors during dawn and dusk, when
mosquitoes are most active, repairing gaps or holes in screens, and eliminating standing
water (Vermont Department of Health, 2025s; see 10.13.4).

Reducing standing water, such as water that accumulates in flowerpots or other items
around homes, is an easy way to reduce mosquito breeding sites. On farms, standing water
collects in old tires used to weigh down tarps. To address this, VAAFM provides tire slicer
equipment and training to farmers for free (Casey, 2025). The machine removes sidewalls,
which are easier for farmers to use while reducing mosquito breeding sites (see 10.13.4).

Mosquito control districts work to reduce mosquito populations in collaboration with
VAAFM and the Vermont Agency of Natural Resources using integrated pest management
approaches (Lemon Fair Insect Control District, 2026; Otter Creek Watershed Insect
Control District, 2011). These strategies include habitat management, insecticide
application, biological controls, and human behavior modification (Lemon Fair Insect
Control District, 2026). There are two mosquito control districts: the Otter Creek Watershed
Insect Control District (Brandon, Goshen, Leichester, Pittsford, Proctor, and Salisbury), and
the Lemon Fair Insect Control District (Bridgeport, Cornwall, and Weybridge) (Lemon Fair
Insect Control District, 2026; Otter Creek Watershed Insect Control District, 2011; Vermont
Agency of Agriculture, Food & Markets & Vermont Department of Health, 2024; Figure 10-21).
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Figure 10-21 Towns that are part of Vermont’s two Mosquito Control Districts
Source: Lemon Fair Insect Control District (2026); Otter Creek Watershed Insect Control District (2011);
Vermont Agency of Agriculture, Food & Markets & Vermont Department of Health (2024)

Note: Data visualization by Hannah C. Turner

If the state determines that insecticide application is necessary to protect public health,
VDH and VAAFM will follow the steps outlined in the Vermont Arbovirus Surveillance and
Response Plan (Vermont Agency of Agriculture, Food & Markets & Vermont Department of
Health, 2024). This plan includes communicating with relevant local stakeholders (e.g.,
municipal officials, health care providers, farmers, and veterinarians) and potentially
spraying insecticides to control mosquito populations.
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10.7 WATER QUALITY

Climate change affects water quality and quantity through higher temperatures and
increased extreme weather events like flooding and drought (see Water Resources 4.3.3, 4.4,
and 4.5). Climate and human health related water quality issues fall into two primary
categories: 1) non-biological contaminants (e.g., nitrates and mercury) are themselves not
biological, although they may have biological sources (e.g., nitrates from manure), while 2)
biological contaminants (e.g., bacteria, protozoa) are living organisms or viruses that can
have negative impacts on human health.

Flooding can increase exposure risk by spreading contaminants and damaging
infrastructure. Flooding from Tropical Storm Irene (2011) led 30 public drinking water
systems to issue boil water notices impacting around 16,590 people (Vermont Business
Magazine, 2013). Flooding can release less common contaminants, like fuel from fuel tanks
damaged by flooding. In the week following Tropical Storm Irene, the reporting of hazardous
spills to state officials increased by a factor of 14 (Vermont Business Magazine, 2013;
see 10.4.2).

Drought can affect water quality and quantity (see Water Resources 4.3.2; see 10.4.1); as

water levels and streamflow decrease, pathogens and toxins can become concentrated.
Water shortages can lead to decreased availability of water for hand-washing and other
hygiene strategies that are important for preventing disease spread. For private well users,
water shortages may dry up wells and require homeowners to pay for a water recharge, move
wells, or dig the well deeper. Water conservation notices for those on town systems are a
strategy for preserving water for essential uses like hygiene.

10.7.1 Non-biological contamination

The primary climate change-related non-biological water quality hazards in Vermont are
nitrates and mercury. Other contaminants, such as fuel, can become a concern during
flooding events, as noted above.

Nitrates/nitrites

Nitrogen can be found in many organic and inorganic forms. This section focuses on two of
them: nitrite (NO,) and nitrate (NO3), which are inorganic forms of nitrogen.

In surface waters, nitrate is the primary form of available nitrogen (Agency for Toxic
Substances and Disease Registry, 2015). Nitrates can support the formation of
cyanobacteria blooms (also known as HABs), although in Vermont, phosphorus is the
primary limiting nutrient for cyanobacteria blooms (see 10.7.2). This section explores direct
health effects from nitrate/nitrite contamination.
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Hazard (nitrates/nitrites)

Sources of nitrate/nitrite include sewage, fertilizer, and other organic matter but are also
released from soil erosion (Vermont Department of Environmental Conservation, 2026a).
Different bacterial species can convert nitrate to nitrite or vice versa. Some species of
bacteria found in humans’ mouths and digestive tracts (enteric bacteria) can convert nitrate
to nitrite (Tiso & Schechter, 2015).

If a septic system fails, or if a well is located near an agricultural field, nitrate/nitrite may
leachinto the well. Due to increased extreme precipitation events as well as warmer winters
that lead to increased winter rainfall, agricultural runoff may increase and increase the risk
of nitrate/nitrite contamination (see Water Resources 4.5.2).

Health effects (nitrates/nitrites)

High levels of nitrites carry out an oxidation reaction in the body that prevents iron in blood
from binding to oxygen molecules, leading to a condition called methemoglobinemia or blue
baby syndrome (Chen & Nappe, 2025). Methemoglobinemia can lead to fatigue, nervous
system effects including seizures, metabolic acidosis, coma, and, rarely, death (Chen &
Nappe, 2025). In the U.S., there were six infant deaths from methemoglobinemia between
1979-1999 (Ward et al., 2018).

Based on concerns around methemoglobinemia, the EPA’s Maximum Contaminant Level
(MCL) is 10 milligrams per liter (mg/L) for nitrates and one mg/L for nitrites, the same as the
levels at which VDH recommends well owners treat their water (U.S. Environmental
Protection Agency, 2025b; Vermont Department of Health, 2026c). However, VDH
recommends taking action to improve water quality if the nitrate level exceeds 5 mg/L and
the household includes an infant (Vermont Department of Health, 2026d).

Nitrate exposure may cause other health conditions, like cancer, but more research is
needed. A review of research on nitrate/nitrite exposure and cancers found that it is
associated with gastric cancer. Forevery 10 mg/L increase in nitrate exposure, risk of gastric
canceris 1.91 times greater than among people who were not exposed (Picetti et al., 2022).
Other health conditions (e.g., colorectal or colon cancer, subclinical hypothyroidism,
nervous system defects in utero) may also be related to nitrate exposure, but more research
is needed (Ward et al., 2018). The Agency for Toxic Substances and Disease Registry states
that it is unknown whether nitrate/nitrite can cause birth defects, and the International
Agency for Research on Cancer classifies ingested nitrate/nitrite as a probable human
carcinogen, though the EPA has yet to assess it (Agency for Toxic Substances and Disease
Registry, 2017).

Exposure (nitrates/nitrites)

Human Health Vermont Climate Assessment 2025 52


https://www.uvm.edu/gund/vca/chapter-4-water-resources#4.5.2-nutrient-loading

As of 2015, about 39% of Vermonters got their drinking water from private wells (U.S.
Environmental Protection Agency, 2013a). Private wells are not required to be regularly
tested for nitrates, while public drinking water systems must be tested annually and have
additional processing steps to manage nitrates if the levels exceed the allowable standard
(Office of Ground Water and Drinking Water, 2021; Vermont Department of Environmental
Conservation, 2026a). Because of this potential lack of regular testing, private well users
may be at higher risk of nitrate exposure during floods (which increase nitrate runoff) or
droughts (which can concentrate contaminants). Private wells with nitrate levels over the
MCL are predominately in northwestern Vermont, according to data collected by VDH, and
datais lacking for the southwest and northeast regions of Vermont (Vermont Department of
Health, 2026d). The town with the highest percentage of wells over the MCL was Berkshire,
where 5% of the 132 tested wells were over the MCL (Vermont Department of Health, 2026d).
Nitrate levels in 34 Vermont municipalities, excluding Berkshire, exceeded the MCL in
between 0.1 and 4% of tested wells (Vermont Department of Health, 2026d). Between 1999-
2024, no tested public drinking water systems in Vermont exceeded the MCL for nitrates
(Vermont Department of Health, 2026d).

Vulnerabilities (nitrates/nitrites)

Infants, especially those under six months of age, are most at risk of acute poisoning. Infant
mouths and stomachs are less acidic than adults, leading to higher bacteria loads that can
convert nitrates into nitrites that can cause methemoglobinemia (Ward et al., 2018).

Mercury
Hazard (mercury)

Mercury is a heavy metal that has been atmospherically deposited in water bodies
throughout the northeastern U.S. due to emissions from coal power plants. With increased
water temperatures, the rate of mercury methylation increases (Stager & Thill, 2010).
Methylation is a chemical change that makes mercury easier for organisms to absorb into
their tissues (more bioavailable). Flooding increases sediment delivery, including mercury.
Flooding during Tropical Storm Irene (2011) may have contributed to the increase in mercury
concentrations in Lake Champlain fish from 2011-2017, although other factors, like
changing fish populations due to invasive species, play an important role (Swinton &
Nierzwicki-Bauer, 2020; see Fish and Wildlife 5.4.1 and 5.5.1).

Health effects (mercury)

Mercury impacts the kidneys and nervous system (U.S. Centers for Disease Control and
Prevention, 2024g). High methylmercury exposure in utero can impair thinking, memory, and
other cognitive processes in children (U.S. Environmental Protection Agency, 2015b). It can
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lead to symptoms like muscle weakness and impairment, vision loss, and a “pins and
needles” feeling.

Exposure (mercury)

Humans are primarily exposed to mercury through the consumption of fish. Eating too much
or certain types of fish frequently can lead to unsafe levels of mercury exposure. VDH has
developed species-specific “Vermont Safe Fish-Eating Guidelines” to support Vermonters
in consuming safe levels (see 10.7.3).

Inthe 2007 regional total maximum daily load (TMDL) proposal to the EPA, which defines the
maximum amount of a contaminant that can exist in a waterbody without impairing its use,
21 waterbodies in Vermont were listed as impaired due to mercury levels (McCarthy et al.,
2007). As of 2024, segments of nine rivers were listed on Vermont’s 2024 Priority Waters List
as impaired based on mercury concentrations in fish tissues: Poultney River, Lower Otter
Creek, Little Otter Creek, Lower Dead Creek, LaPlatte River, Mississquoi River, Lamoille
River, Winooski River, and Deerfield River (Vermont Department of Environmental
Conservation, 2025; Figure 10-22).

VDH has issued a specific fishing advisory for mercury for fish caught in the Deerfield River’s
reservoirs or in the Connecticut River's Comerford and Moore reservoirs. Vulnerable
populations should not consume fish from these reservoirs, and individuals without
vulnerabilities should not consume more than 16 ounces (0z) of these fish per month
(Vermont Department of Health, 20250).
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Figure 10-22 Mercury-impaired waterbodies in Vermont

Source: Vermont Department of Environmental Conservation (2025); Vermont Department of Health (2025g)

Note: Data visualization by Hannah C. Turner

The Vermont Safe Fish-Eating Guidelines for other waterbodies bases the fish consumption
guidelines for vulnerable groups on what the EPA considers safe amounts of methylmercury
for fetuses and young children, 0.0001 mg/kg-day, and what the EPA considers to be safe for
adults, 0.0003 mg/kg-day (Vermont Department of Health, 2025g). Different fish species
have different levels of mercury, so they have different associated consumption
recommendations (see 10.13.5).

Vulnerabilities (mercury)

Groups that are especially vulnerable to the effects of mercury are people who are pregnant
or nursing and children under the age of seven (Vermont Department of Health, 2025g).
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10.7.2 Biological contamination

Biological water contamination includes the presence of harmful bacteria, parasites,
viruses, and bacterial toxins. The connections between these biological contaminants and
climate change varies. We will discuss cyanobacteria (blue-green algae) and water-borne
pathogens in more detail below.

Cyanobacteria (blue-green algae)
Hazard (cyanobacteria)

Cyanobacteria blooms, a type of HAB, are driven by nutrient runoff (especially of
phosphorus) and temperature (see Water Resources 4.5.3 and 4.5.5; Figure 10-23). Some
cyanobacteria blooms lead to the production of cyanotoxins, but it is impossible to tell just
by looking at the bloom if toxins are present.

ncreasing fréqu'ency
and i te_ns' N

Figure 10-23 Links between climate change, water quantity and quality, and human exposure
to water-related illness

Source: Crimmins et al. (2016)
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Health effects (cyanobacteria)

There are six known types of cyanotoxins that cause human health effects when presentin
cyanobacteria blooms (Water, Sanitation, Hygiene, and Health WHO Team, 2021; Table 10-
2). Public drinking water in Vermont has been consistently tested for microcystin and

occasionally tested for cylindrospermopsins, and recreational water bodies have been

tested for microcystins, anatoxins, and, occasionally, cylindrospermopsins. Overall,

information on the chronic impacts of cyanotoxins is very limited and is an area of ongoing

research.

Table 10-2 Cyanotoxins, their health effects, and World Health Organization (WHO) exposure

levels

Toxin

Health effects

WHO guideline value for
recreation (ug/L)

Microcystins
(>250 variants)

Cylindrospermopsins

Anatoxins

Saxitoxins

Anatoxin-a(S) (type of
anatoxin)

Dermatoxins

Acute: liver damage

Chronic: hepatic hypertrophy (liver
enlargement); tumor promotion via
phosphatase inhibition (IARC describes
as “possibly carcinogenic to humans”)
Acute: mild skin irritation; liver, kidney,
and erythrocyte (red blood cell) toxicity
Chronic: genotoxic (limited animal and
tissue studies)

Acute: neurotoxic effects as nicotinic
receptor agonist (in humans, headache,
confusion, and vision changes have
been experienced; can be lethal to dogs)
Chronic: no information

Acute: neurotoxic effects via ion channel
blocking in neuronal and cardiac cells
(twitching, convulsions, paralysis,
impaired coordination, tingling,
numbness, dizziness, vomiting, nausea,
muscle weakness, diarrhea)

Chronic: no sufficient information
Acute: neurotoxic effects through
acetylcholinesterase inhibition (muscle
weakness, convulsions, and respiratory
distress that can lead to death)
Chronic: no sufficient information

Little information on dermatoxins
produced by temperate cyanobacteria
species.

24

58.8*

*Provisional health-based
reference value, not a
guideline value

30

Not sufficient information
to develop a guideline
value, though New Zealand
uses one microgram/L as a
maximum level for drinking
water

No guideline value because
exposure is through contact
and not ingestion

Source: Water, Sanitation, Hygiene, and Health WHO Team (2021)
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Note: The WHO Guideline Value for Recreation is based on a 15kg child swallowing <250 mL of water

Exposure (cyanobacteria)

In addition to exposure through swimming (ingestion or skin exposure), toxins from
cyanobacteria blooms can aerosolize, so VDH has grouped different recreation activities
by exposure risk (Table 10-3).

Table 10-3 Recreation activities and cyanobacteria exposure risk

Level of potential Recreational activity Primary exposure pathway
exposure of concern
High Swimming/wading Ingestion
Diving Ingestion
Water skiing/wake boarding Ingestion/inhalation
Wind surfing Ingestion/inhalation
Jet skiing Ingestion/inhalation
Moderate Fish consumption Ingestion
Canoeing Inhalation/skin
Paddle boarding Inhalation/skin
Rowing Inhalation/skin
Sailing Inhalation/skin
Kayaking Inhalation/skin
Motor boating Inhalation
Low/none Catch and release fishing Skin
Hiking Not applicable
Picnicking Not applicable
Sightseeing Not applicable

Source: Vermont Department of Health (2015)

To keep Vermonters safe while recreating, VIDEC, VDH, and the Lake Champlain
Committee have developed the Cyanotracker map (Vermont Department of Health, 2026b;
see 10.13.5). This online resource is continually updated with approved reports from VTDEC,
trained volunteers, and members of the public. The reports are characterized by three alert
levels. “Generally safe” means that there are no observable blooms, “low alert” means that
some cyanobacteria have gathered but there are not wider bloom conditions, and “high alert”
means that there is a large, dense bloom (Figure 10-24). The reports are collected from all
over Vermont and the number of reports per location varies, but the total number of reports
is increasing. General guidance is to stay out of water when blooms are present.
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Figure 10-24 Cyanobacteria reports per year, percent per alert category (y-axis, left) and total
counts (y-axis, right), 2012-2022
Source: Vermont Department of Health (2026a)

Note: Data from the VDH Cyanobacteria Tracker Season Summaries, 2012-2022; 2019 is excluded because
the alert level data for reports is not available.

From 2021-2023, 31 public beaches on Lake Champlain (in New York and Vermont) were
closed 4% of the days between Memorial Day and Labor Day due to cyanobacteria blooms
(Lake Champlain Basin Program, 2024a).

Beginning in 2014, Vermont’s public drinking water systems have tested their raw
(unprocessed) water for microcystin, a neurotoxin produced by some cyanobacteria
(Vermont Department of Environmental Conservation, 2026¢; Table 10-4). From 2014-2025,
13 raw samples had levels of microcystin over the current 0.3 pg/liter limit, while no finished
(post-treatment) samples were over the limit. Samples are collected on a weekly basis for a
period of around 12 weeks over the summer and fall, with annual totals ranging from 233 to
455 samples.
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Table 10-4 Raw water samples from public drinking water systems with microcystin levels >0.30
micrograms/liter (ug/L), 2020-2025

Year Location Sample collection date Level (ug/L)
2025 Derby Center Water System 9/8/25 0.31
2025 Grandlsle Fire District 4 8/19/25 0.76
2024  Alburgh Village Water System 10/22/24 0.41
2024  Alburgh Village Water System 10/15/24 0.57
2024  Grand lIsle Fire District 4 10/8/24 1.9
2024  Alburgh Village Water System 10/1/24 0.4
2024  Alburgh Village Water System 9/17/24 0.32
2024  Alburgh Village Water System 9/10/24 0.5
2024  Websterville Fire District 3 7/8/24 0.42
2021 Alburgh Village Water System 10/1/21 0.33
2021  Alburgh Village Water System 9/23/21 0.5
2021  Thompson Pt Association 8/10/21 0.74
2020 Grand lIsle Fire District 4 9/15/20 0.45

Source: Vermont Department of Environmental Conservation (2026c¢)

Vulnerabilities (cyanobacteria)

Because children have smaller body masses and are more likely to accidentally swallow
water while swimming, they are at higher risk of illness from cyanobacteria toxins.

Water-borne pathogens
Hazard (water-borne pathogens)

Pathogen contamination of water used for recreation and drinking is primarily caused by
extreme precipitation events, which increase runoff of pathogens and nutrients (see Water
Resources 4.5) and can lead to combined sewer overflow events. High levels of nutrients,
like phosphorus, from runoff combined with increased temperatures can further exacerbate

pathogen growth.

When wastewater treatment facilities are damaged or overwhelmed by too much water (e.g.,
floods; see Infrastructure 7.5.2), untreated sewage can be released into waterbodies used
for recreation and drinking water. Facilities in Vermont have experienced flood-related
damages. For example, Tropical Storm Irene damaged 17 municipal wastewater treatment
facilities, though most issues were fixed within one week of the storm (Vermont Business
Magazine, 2013). The flooding in 2023 impacted 33 wastewater treatment facilities; in
Johnson, full repairs were estimated to take a year, and relocating the facility to an area less
likely to flood is being considered (Robinson, 2023).

A more consistent concern is Escherichia coli (E. coli), a common water-borne pathogen
that impairs 506 river segments in Vermont (Vermont Department of Environmental
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Conservation, 2025; Figure 10-25). It is often used as an indicator of broader biological
contamination from waste.
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Figure 10-25 River segments impaired by Escherichia coli (E. coli) from the Vermont Department
of Environmental Conservation’s (VTDEC) List of Impaired Waters, 2024

Source: Vermont Department of Environmental Conservation (2025)

Note: Data visualization by Hannah C. Turner

While pathogens can be found in some drinking water sources. Total coliform—a
community of bacterial species thatincludes E. coli, and is also used as an indicator—was
present in one-third of wells and two-thirds of springs tested in a study of Vermont private
drinking water (Vermont Department of Health, 2025q). However, it should be noted that E.
coli infection is not one of the primary waterborne diseases in the U.S. by case counts. A
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national analysis (2014) estimated that the top waterborne diseases by number of cases are
otitis externa (swimmer’s ear caused by multiple pathogens), norovirus, giardiasis, and
cryptosporidiosis (Collier et al., 2021; Table 10-5). This analysis looked at diseases
associated with drinking water, recreation sources, and environmental exposure. In general,
increased temperatures can increase the growth of some bacteria while leading to reduced
loads of viruses and protozoa (specifically giardia and cryptosporidium), flooding can
spread pathogens to both surface waters and groundwater, and drought can concentrate
pathogens (Salubi et al., 2024; Semenza & Ko, 2023).

Table 10-5 Top domestically acquired waterborne diseases in the U.S. and climate change-
related effects on pathogens

Pathogen Climate change-related driver Effect on pathogen
Norovirus Increased temperatures Lowered viral load
Heavy precipitation Increased levels
Giardia Increased temperatures Reduced growth/die-off
Flooding Pathogen spread
Cryptosporidium Increased temperatures Reduced growth/die-off

Legionella species
Staphylococcus aureus

Flooding

Increased temperatures
Flooding

Pathogen spread

Increased growth
Pathogen spread

(common cause of otitis
externa)

Source: Salubi et al. (2024); Semenza & Ko (2023)

Health effects (water-borne pathogens)

Most water-borne pathogens lead to gastrointestinal illness, but some lead to other
symptoms (e.g., flu-like symptoms, neurological disorders, liver damage (Levy et al., 2018).

Exposure (water-borne pathogens)

Public drinking water systems treat water for pathogens, so the primary exposure pathways
of concern are from contact with recreational waters and from consumption of well water.

Vulnerabilities (water-borne pathogens)

People under the age of five or over the age of 65 and those who are immunocompromised
are at increased risk of serious illness from E. coli and other pathogens (U.S. Centers for
Disease Control and Prevention, 2025b).

10.7.3 What you can do
Non-biological contamination
Nitrates
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Private well owners concerned about nitrates can have their wells tested through the VAAFM
Groundwater Monitoring Program or order a testing kit from the Health Department
Laboratory. See the VDH website “How to test your drinking water” for guidance on self-
testing drinking water from wells (Vermont Department of Health, 2026c; see 10.13.5).
Testing after a flood, during drought, and after a drought is especially important, as these
changes in water supply are periods of increased risk. VDH recommends that private well
owners test for nitrates/nitrites every five years.

Supporting farmers in water quality conservation practices that reduce nutrient runoff (e.g.,
cover cropping, reduced tillage, and riparian buffers) will reduce nitrate contamination.
Farmers can refer to the Vermont Nitrate Leaching Index on the Vermont Open Geodata
Portal to evaluate their leaching risk (Vermont Center for Geographic Information, 2025).

Mercury

Individuals should follow VDH’s Vermont Safe Fish-Eating Guidelines and waterbody-
specific advisories when consuming fish caught in Vermont. Find resources on safe fish
consumption from the VDH website “Mercury in fish” page (Vermont Department of Health,
20250; see 10.13.5). Multilingual public communication can help promote safe fish
consumption among anglers and those that they share their catch with.

Biological contamination

Individuals should check VDH’s cyanobacteria tracker map before swimming to avoid HABs.
If a beach is marked with signage that indicates high levels of E. coli or cyanobacteria, keep
people and pets out of the water. Conditions can change rapidly, so it is important to know
what cyanobacteria blooms look like so they can be avoided if present. When in doubt, stay
out of the water. Generally, after heavy rainfall, it’s recommended to stay out of surface
waters for 2-3 days. Private well owners are recommended by VDH to test annually for
bacteria.

Vermonters can support cyanobacteria monitoring efforts by becoming a monitoring
volunteer through VTDEC or Lake Champlain Committee. Vermonters can help reduce
runoff by learning about green stormwater infrastructure (e.g., rain gardens) or participating
in the “raise the blade” initiative (Lake Champlain Basin Program, 2024b).

Human Health Vermont Climate Assessment 2025 63



Box 10-3: 10 years of the Vermont Clean Water Act

The Vermont Clean Water Act was passed in 2015 in response to increasing public
concern about cyanobacteria blooms and the overturn of the 2011 total maximum daily
load (TMDL) for phosphorus for Lake Champlain. The Vermont Clean Water Act
strengthened requirements for phosphorus runoff prevention, developed new programs,
and allocated more funding to this work across sectors. It sought to reduce runoff from a
variety of sources, from urban areas to agricultural fields.

Between July 2015 and June 2023, 84% of the reductions in phosphorus pollution in both
Lake Champlain and Lake Memphremagog were due to agricultural conservation
practices. InJune 2023, the reduction was 57.3 metric tons per year (MT/year); thisis 27%
of what is required to achieve the new TMDL by its 2036 target year.
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Annual phosphorus reductions in metric tons in the Lake Champlain basin, 2016-2024

Source: Vermont Department of Environmental Conservation (2026b)

10.8 FOOD SECURITY

Food security means that individuals, “have physical and economic access to sufficient
safe and nutritious food that meets their dietary needs and food preferences for an active
and healthy life” (World Bank, 2026). Climate change can impact multiple aspects of food
security, from threatening food safety and nutritional quality to creating physical and
economic barriers to food through extreme weather events and changing growth regions for
different crops (Tchonkouang et al., 2024; Figure 10-26; see Agriculture and Food Systems
6.6.3).
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Figure 10-26 Climate change-driven disruptions to food security

Source: This chapter

Many of the drivers of food insecurity relate to social factors like where people live, their
income, and their access to health care—factors known as social determinants of health
(Hunger Free Vermont, 2026; see 10.10). Health care costs are a driver of food insecurity
and a determinant of health; for example, it is not uncommon for low-income families and
individuals to have to choose between paying for medical care or buying nutritious food. To
make matters more complicated, some of these factors exist in positive feedback loops:
food insecurity can lead to diet-related illnesses, which can increase health care costs.

While climate change is very likely not a major driver of food insecurity or diet-related
illnesses in Vermont, climate change impacts indirectly interact with existing drivers like
poverty. According to Hunger Free Vermont, two in five people in Vermont were at risk of
experiencing hunger as of 2022 (Hunger Free Vermont, 2026), and as of 2023, food insecurity
rates in Vermont counties ranged from 10.3% to 15.9% (Figure 10-27). Globally, between
2010 and 2050, inflation-adjusted prices of wheat, rice, and corn have been predicted to
increase by 31-106% due to climate change and other factors, and higher prices are
associated with greater food insecurity (Myers et al., 2017). In 2023, 123.7 million more
people across 124 countries were experiencing food insecurity due to climate change and
the increase in extreme weather events, compared to the period 1981-2010 (Romanello et
al., 2025). This section outlines the status of food security and associated health outcomes
in Vermont and the ways in which climate change may affect barriers to food security.
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Food Insecurity Rate

Figure 10-27 Food insecurity rates per county in Vermont, 2023

Source: Feeding America (2026)

Food insecurity can overlap with environmental justice concerns to create compounding
vulnerabilities for individuals who are marginalized on the basis of race, income, and gender
(Ren et al., 2023). In 2022, 16% of Black, Indigenous or People of Color Vermonters always,
usually, or sometimes did not buy enough food and did not have enough money to buy more,
in comparison with 6% of white, non-Hispanic Vermonters (Vermont Department of Health,
2024a).

Itis important to note that food security status can drive or be affected by non-market food
procurement (e.g., hunting, fishing, trapping, gathering, raising livestock, food preservation,
gardening; Bliss et al., 2025). More research is needed to understand the ways in which
these activities, classified as home or wild food procurement (HWFP), are affected by and
affect food insecurity. Food insecure households in Maine and Vermont during the spring
and early summer of 2021 were more likely to use, and to plan to continue to use, HWFP
compared to food secure households, indicating that food security status might drive HWFP
activity (Niles et al., 2021). More than half (66%) of all Vermont respondents reported
engaging in some HWFP food activities since the start of the COVID-19 pandemic,
demonstrating their broad popularity across socioeconomic statuses (Niles et al., 2021).
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10.8.1 Food availability & economic access

Hazard and exposure

Climate change affects the growing regions for different crops, making some foods easier or
harder to grow in different areas (see Agriculture and Food Systems 6.3.1). Despite being an
agricultural state, the majority of the food that Vermonters consume comes from other parts
of the world; in 2022, local food purchases only accounted for 10.1% of the money spenton
food inVermont, although this was a greater percentage than any other state in New England
(New England Feeding New England, 2026). Global changes in food production and global
supply chain disruptions from extreme weather events may impact food prices
(Tchonkouang et al., 2024).

The summer 2023 floods affected local food availability through food banks. Many of the
farms at the Intervale Center provide produce to the Center’s food access programming, but
a lot of their produce was lost to floodwaters. The Food Access Manager at the Intervale was
quoted “All these farmers make my programming possible and allow us to feed, like,
upwards of 1,000 people every week, just because there’s so much surplus,” (Tanier, 2023).
Flooding also destroyed food stored at the Montpelier Food Pantry (Tanier, 2023).

The nutritional quality of foods (protein and mineral concentrations) may decrease due to
rising CO, concentrations, although many factors impact nutritional quality (e.g., soils,
genetics, local climate) (Soares et al., 2019).

Health effects

As climate change affects food supply chains and prices, it has the potential to indirectly
impact the prevalence of different health outcomes, such as poor nutrition, CVD, and stress.

Poor nutrition leads to over 600,000 deaths per year in the U.S. (U.S. Department of
Agriculture Food and Nutrition Service, 2022). VDH’s 3-4-50 campaign highlights the impact
of three behaviors (poor diet, no physical activity, and tobacco use), that lead to four
diseases (cancer, heart disease and stroke, type 2 diabetes, and lung disease) that resultin
over 50% of deaths in Vermont (Vermont Department of Health, 2024d). Approximately 16%
of food insecure Vermonters have CVD and 44% have hypertension, while only 8% of food
secure Vermonters have CVD and 31% have hypertension (Meddaugh, 2024; Figure 10-28).
Vermonters with hypertension who are also food insecure are about twice as likely to have
three or more co-occurring chronic diseases compared to food secure Vermonters with
hypertension (Meddaugh, 2024).

Rates of stress are higher among food insecure Vermonters: in 2020, only 13% of food
secure Vermonters reported poor mental health, while 45% of food insecure Vermonters
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reported poor mental health (Meddaugh, 2023b). Stress has a variety of health impacts,
including increasing inflammation which increases risk of CVD (Meddaugh, 2024).
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Figure 10-28 Food insecurity rate by county, 2023 and number of priority populations at risk of
cardiovascular disease (CVD)

Source: Feeding America (2026); Meddaugh (2023a)

Note: CVD Risk Priority populations include those identifying as Indigenous, those identifying as sexually or
gender diverse, those with any disability, those living in households with low annual incomes, and those
experiencing poor mental health

Vulnerabilities

Forty percent of Vermonters are already at risk of hunger (Hunger Free Vermont, 2026) and
low-income Vermonters are especially vulnerable to changes in food prices. In 2022, 24%
of Vermonters making less than $25,000 annually were food insecure, meaning they
reported that “in the past year they have always, usually or sometimes bought food that did
not last and did not have money to get more” (Behavioral Risk Factor Surveillance System
2022 Report, 2024). Women and Black, Indigenous, and People of Color are more likely to
be food insecure (Ren et al., 2023).

Vermonters who grow their own food are at increased risk of food insecurity due to climate
change. In 2023, the food security of 100 families in the New Farms for New Americans
program was threatened by flooding at the Intervale Center. The program provides land for
refugee and immigrant families to grow crops, supporting food security and access to
culturally significant foods (Cho, 2023).
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10.8.2 Physical food access
Hazard and exposure
Due to extreme weather events (e.g., flooding; see 10.4.2), Vermonters may face physical

barriers to food access, including loss of personal transportation to reach stores, road
washouts, and grocery store closures (see Infrastructure 7.3.1). In Johnson, Vermont, the

closure of Sterling Market after the July 2023 floods left the town without a full grocery store
for almost two years, making it difficult to purchase fresh produce (Calvin, 2025).

Health impact

Short-term barriers to food access can result in mental health impacts. A study of Harris
County, Texas following Hurricane Harvey found that food access disruption was the
category most associated with well-being impacts; residents described: “feeling distant,”
“Ihaving] difficulty with daily tasks,” and “[lacking] safety” (Dargin & Mostafavi, 2020).
Longer term barriers to access may make it harder to purchase perishable goods, including
fresh produce, that are often important for a balanced diet. Feelings of anxiety and
depression can be driven by a variety of other climate change-related hazards, too (see
10.9.1).

Vulnerabilities

Rural Vermonters travel greater distances to access food (Ren et al.,, 2023) so may
experience greater barriers to food access.

10.8.3 Foodborne diseases

Hazard

Foodborne illnesses (viral, bacterial, or parasitic) are commonly spread through the
consumption of contaminated food. The most common foodborne illnesses in Vermont are
Campylobacter, Cryptosporidium, E. coli, norovirus, Salmonella, and Shigella (Vermont
Department of Health, 2026a). Nationally, norovirus, Campylobacter, Salmonella, Listeria,
and STEC (Shiga toxin-producing E. coli) cause the most hospitalizations and the most
deaths (U.S. Centers for Disease Control and Prevention, 2025f). There is still debate about
which specific foodborne pathogens will be most affected by climate change (Lake & Barker,
2018a).

Exposure

Climate change may affect rates of foodborne disease through increased temperatures,
increased precipitation, and flooding. Increased temperatures and moisture facilitate
increased growth of foodborne pathogens, and increased temperatures during the summer
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months were associated with increased hospitalizations for gastrointestinal illness—
especially from bacterial pathogens—in New York (Lin et al., 2016). Flooding can pose food
safety risks by spreading pathogens and causing power outages that disrupt refrigeration,
allowing pathogens to grow (Marx et al., 2006). At 41°F (5°C), pathogens can replicate
enough within two hours to cause gastrointestinal illness if consumed (Marx et al., 2006).
During the July 2023 floods, the number of Vermonters affected by power outages peaked at
just under 11,000 on the evening of July 10" (VTOutages, 2025; see Energy 8.4.1).

Food production changes in response to other effects of climate change (e.g., switching
animal breeds, moving livestock indoors), may affect the transmission and prevalence of
foodborne diseases (Lake & Barker, 2018a; see Agriculture and Food Systems 6.6.1).

Health effects

Foodborne illnesses typically cause gastrointestinal illness, with symptoms including
vomiting, loose and/or bloody stool, and dehydration. Especially among people who are
immunocompromised, there is a risk of the pathogen spreading to other areas of the body.
An invasive Listeria infection, for example, can cause fever and flu-like symptoms, but can
also lead to more dangerous conditions like sepsis, inflammation in the brain (encephalitis),
or inflammation in other areas of the central nervous system (meningitis; Pogreba-Brown et
al., 2022; U.S. Centers for Disease Control and Prevention, 2025d). Across the U.S., the top
seven foodborne pathogens caused 931 deaths in 2019 (U.S. Centers for Disease Control
and Prevention, 2025f).

Vulnerabilities

Precipitation had a stronger correlation with gastrointestinal illness in other groups: non-
Hispanic, white, and male individuals (Lin et al., 2016). These different relationships
between environmentalvariables and populations may be due to different diets or behaviors
among the different groups. For example, if one population was more likely to consume
certain higher risk foods or engage in poor food safety practices (e.g., washing raw meats,
storing food that needs refrigeration at room temperature for long periods), that would make
them more vulnerable. These findings demonstrate that climate-related variables driving
foodborne illness may impact different sociodemographic groups differently.

The CDC describes pregnant people and those with weakened immune systems due to
illness, treatment, or age (under five or over 65) as being at higher risk of food poisoning (U.S.
Centers for Disease Control and Prevention, 2025c).
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10.8.4 What you can do

To learn more about food system transformation across Vermont, see Agriculture and Food
Systems 6.8. Information that is specific to the above sections is below.

Food availability and economic access

Many programs support food access in Vermont, such as food banks, gleaning programs,
free community supported agriculture (CSA) programs for people who are food insecure
and/or have diet-related illnesses, the Supplemental Nutrition Assistance Program (SNAP),
and Vermont’s universal school meals program. The universal school meals program began
in 2020, and was extended indefinitely in 2023 (Kinzel & McCullum, 2023). Hunger Free
Vermont reports that the program saves families $1,500 per child per year (Horton, 2025).

To reduce the effects of global supply chain changes and disruptions on Vermonters’ food
security, the Vermont Farm to Plate Network—in partnership with VAAFM and others—has
created a 2021-2030 Strategic Plan to increase local food production and consumption (The
Farm to Plate Network, 2021). New England Feeding New England, an initiative supported
by Vermont Farm to Plate Network, has set a goal for 30% of the food consumed in New
England to be produced in New England by 2030 (New England Feeding New England, 2023).

Physical food access

Ensuring physical access to food during high precipitation events relies on flooding
mitigation and adaptation in infrastructure (see Infrastructure 7.3.1, 7.3.2, and 7.4.1 and
Water Resources 4.4.6). See Box 6-7 in Agriculture and Food Systems 6.6.3 for information
about the Vermont Emergency Eats program, which supported food insecure Vermonters
impacted by the 2023 floods.

Foodborne diseases

Knowledge and implementation of proper food safety practices are essential for preventing
the spread of foodborne illnesses. However, even when public health agencies
communicate these practices, consumers may not always follow them. For example, an
ethnographic study in the U.K. found that many consumers believed that washing raw
chicken is a health-protective practice, even though it increases the risk of Campylobacter
infection (Jackson & Meah, 2018). Determining effective food safety education methods will
support consumers’ health.

Individuals looking for a comprehensive food safety guide for home cooks should explore
the U.S. Department of Agriculture’s Kitchen Companion: Your Food Safety Handbook,
which is freely available online and contains information about safe food preparation and
storage (U.S. Department of Agriculture, 2015).
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Additionally, interventions in the early stages of the supply chain can reduce the risk of
foodborne diseases, such as increasing and streamlining surveillance for foodborne
diseases in production and processing, connecting zoonotic disease surveillance with
foodborne pathogen surveillance, and addressing the growing issue of antimicrobial
resistance (Lake & Barker, 2018a; see Agriculture and Food Systems 6.6.1).
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Box 10-4: Food security screenings & interventions at the UVM Children’s Hospital

Keith Robinson, University of Vermont Medical Center

Screening for food security is recommended by the American Academy of Pediatrics,
Center for Medicare and Medicaid Services, and the American Hospital Association.
However, the United States Preventive Services Taskforce (USPSTF) reported that there
is insufficient evidence to recommend screening for food insecurity in the primary care
setting, and the risk-benefit analysis could not be determined.

In Vermont, many hospitals and primary care offices use the Hunger Vital Sign to screen
for food insecurity. In 2012, UVM Children’s Hospital began screening for food insecurity
inthe inpatient pediatric unit. In 2017, the hospital formed an interprofessional team that
included patient advisors to improve screening rates and interventions for food
insecurity. Training about food insecurity was provided to care team members to ensure
confidentiality and maintain patient trust. UVM Children’s Hospital formed partnerships
with the Vermont Foodbank, Hunger Free Vermont, Vermont 211, and Feeding
Champlain Valley to ensure patients were connected to local resources after leaving the
clinical setting.

UVM Children’s Hospital has since expanded screening for food insecurity to all primary
care offices, specialty clinics, and inpatient units. Patients and families facing food
insecurity are provided food shares or gift cards to local grocery stores. Additionally,
patients and families are matched with social workers and case management support to
screen for other social drivers of health and connect to local agencies as needed. UVM
Children’s Hospital uses data from food security screening in population health
initiatives aimed at improving access, reducing cost, and improving health outcomes.

Screening for food insecurity also expanded throughout Vermont’s pediatric and family
medicine primary care practices in 2018 through a quality improvement initiative led by
the Vermont Child Health Improvement Program (VCHIP) at UVM. The initiative trained
primary care offices about social drivers of health, defined screening measures, and
improved screening rates for social drivers of health. VCHIP championed the use of the
Hunger Vital Sign and connections to community resources.

In 2024, OneCare Vermont and VDH helped to standardize data elements in electronic
health records for social drivers of health screening. This provides an opportunity to
understand current screening practices, access to community resources, and the health
impacts to address the USPSTF statement.
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10.9 WELL-BEING, IDENTITY, AND LIVELIHOODS

Climate change in Vermont is reshaping more than weather: it is transforming the rhythms
of seasons, the stability of communities, the character of landscapes, and the ways people
live, work, and connect. Many Vermonters’ identities, livelihoods, recreational activities,
and social cohesion are deeply rooted in seasonal cycles—winter snow, maple sugaring,
summer tourism, and fall foliage. As climate change disrupts these cycles, the effects
extend beyond immediate physical hazards to influence mental health and well-being,
identity and sense of place, and livelihoods.

10.9.1 Mental health

Hazard

Vermont’s climate hazards to mental health and well-being include the discrete risks
outlined in prior sections of this chapter, yet, for some, these risks are compounded by the
persistent awareness of a changing climate and the anticipation of worsening impacts—
both at home and globally. This chronic background stress can shape daily decision-making,
outlook, and sense of security.

Health effects

The mental health impacts of these hazards can be both acute and chronic. Acute effects
include strong emotional responses (e.g., sadness, despair, anger, fear, hopelessness,
stress), heightened anxiety, insomnia, and panic during extreme events. For example,
Vermonters that regularly recreate outside may experience a mix of these negative emotions
if they are suddenly and unexpectedly unable to participate in those activities due to
extreme heat or wildfire smoke. Chronic exposures may cause depression, eco-anxiety,
post-traumatic stress, and long-term stress-related disorders (American Psychological
Association & ecoAmerica, 2017), all of which can lead to increased alcohol and drug use,
increased ideation of suicide, suicide attempts, and deaths (Cunsolo & Ellis, 2018).

One writer expressed some of these emotions upon leaving Vermont after 22 years. She
reflected,

Although my desire to leave has nothing to do with weather, I’m surprised that seeing
winters diminish has left me with a feeling of sorrow. It’s like watching a big, strong
man—Old Man Winter, | suppose—become erratic, frail and more vulnerable with
time (Harrington, 2024).

Similarly, a college student shared,
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In one view, the best parts of winter will be lost, while the worst parts will stick around.
| think it’s gonna be dark, muddy, the leaves still won’t be here, and allin allit’ll be a
more depressing experience (Kostelnik, 2024).

Chronic stress has been linked to lowered immune system function, which increases
vulnerability to other illnesses (Morey et al., 2015), disruption of normal sleep patterns and
increased prevalence of sleep disorders (Han et al., 2012). Stress is a known risk factor for
developing CVD, and short-term emotional stress can trigger cardiac events in people with
existing disease (Steptoe & Kivimaki, 2012).

Exposure

Exposure to mental health hazards can occur in advance of, during, and after climate
change-related events (Hayes et al., 2018). Exposure depends on geographic location,
socioeconomic status, and daily activities, and mirrors the same exposures as the relevant
discrete health threats discussed in previous sections. For example, rural and semi-rural
residents along rivers, floodplains, or steep terrain are more likely to experience repeated
disruptions to daily life from flooding, including road closures, power outages, and limited
access to medical care. People who are unhoused and those living in poorly insulated
homes without air conditioning are more exposed to heat waves, which can exacerbate
stress and disrupt sleep.

Individuals working outdoors, such as those in agriculture, construction, and forestry, face
repeated exposure to extreme heat, unpredictable precipitation, and freeze-thaw instability,
contributing to cumulative stress and impacts on mental health. Even those not exposed to
direct threats experience secondary exposure: for example, loss of tourism revenue (see
Outdoor Recreation and Tourism 9.2.2) or school closures due to flooding may increase
financial and social stress (see 10.10.2).

Exposure to news and media regarding climate change can impact mental health.
“Doomscrolling,” or habitual consumption of large amounts of media for an extended
period of time, often on a phone or mobile device, is linked to higher levels of climate anxiety
and stress (Dominguez-Rodriguez et al., 2025). In Vermont, coverage of climate change
increased from 1.0% to 2.6% of total news coverage from 2012-2017, the highest national
level of climate change news coverage (Bromley-Trujillo et al., 2023). Climate change-
related news coverage does not inherently result in negative mental health impacts (in fact,
it can promote awareness and positive civic engagement), but overconsumption of climate
change-related media can have negative impacts on mental health, especially for young
people (Parnes et al., 2024).

Vulnerability
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Individuals with pre-existing mental health conditions, disabilities, or chronic illnesses face
amplified risks during extreme events. Older adults, particularly those living alone or with
limited social support, are vulnerable to isolation. Families with low income or limited
insurance may experience greater anxiety about property damage, temporary displacement,
or long-term recovery. Stress caused by climate change compounds on top of everyday
concerns, so those already experiencing other forms of stress in their lives may be more
vulnerable to breaching a tipping point that would onset new challenges, like substance
abuse or depression (American Psychological Association & ecoAmerica, 2017).

Repeated climate events can lead to “psychological cumulative burden,” where anxiety,
grief, and uncertainty compound over time. Vermont-specific examples include
communities that experienced consecutive flooding events on the same day—July 10—in
2023, 2024, and 2025. One Vermonter, whose yard, barn, and basement were destroyed by
the 2023 floods, shared, “There’s this anxiety when they talk about rain. It makes you want
to shut off the TV and run away. It sets off that feeling that, ‘Oh my god, are we going to go
through this again?’” (Malinak, 2024). An official with the Northeast Kingdom Human
Services told Vermonters, “There’s no shame in being stressed out right now. We really just
need to normalize that” (Malinak, 2024).

10.9.2 Identity and well-being

Hazard

Many people associate Vermont with a certain type of winter. In a piece for UVM’s
Headwaters Magazine, California-born UVM student Valentin Kostalnik wrote “Winter in
Vermont is a special thing in the United States: like the winds in Chicago, it’s a defining
characteristic” (Kostelnik, 2024).

Climate hazards in Vermont threaten cultural practices, livelihoods, and seasonal activities
central to identity and well-being. Maple sugaring, a centuries-old tradition, now begins
approximately 8 days earlier and ends 11 days earlier than it did 40 years ago (Cotnoir, 2021;
see Agriculture and Food Systems 6.4.5). Winters are shorter, snowpack is declining, and
freeze-thaw cycles are less predictable, compromising winter sports, ice fishing, and
snowmobiling (see Outdoor Recreation and Tourism 9.3.3). Disruptions to summer

recreation and tourism also threaten livelihoods and social traditions (see Outdoor
Recreation and Tourism 9.4 and 9.5).

Changes to weather patterns pose a risk to culture and cultural resources. Cultural
continuity is particularly at risk in smaller rural communities, where seasonal rhythms
structure social life and identity. Extreme weather events can damage historical sites,
recreational areas, and community gathering spaces, further eroding cultural and social
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well-being. There were temporary closures at many historic sites due to the 2023 floods (e.g.,
Bennington Battle Monument, President Calvin Coolidge Historic Site, Hubbardton
Battlefield, Mount Independence, Chimney Point, President Chester Arthur Historic Site,
Justin Morrill Homestead; Vermont Agency of Commerce and Development, 2023).

Health effects

Disruption to identity and well-being can manifest as emotional stress, grief, or feelings of
loss related to familiar landscapes and seasonal practices. Impacts include diminished life
satisfaction, reduced community engagement, and heightened anxiety about the future of
cultural practices. Economic instability from lost tourism or disrupted harvests can
exacerbate stress and reduce access to health care or recreational resources. Forexample,
families dependent on maple sugaring income may experience both financial strain and loss
of connection to traditional labor, impacting mental well-being and family dynamics.

A college student who grew up in Colchester, remarked feeling a sense of “... climate
sadness that | experience when it’s wintertime and this part of the culture is dying. This
experience that something that was really important is starting to diminish.” (Kostelnik,
2024)

Exposure

Individuals whose livelihoods depend on land and seasonal cycles—farmers, maple sugar
makers, forestry workers—are repeatedly exposed to climate unpredictability. Winter
recreation operators and employees, as well as residents participating in skiing,
snowmobiling, or ice fishing, are directly exposed to diminished snow and ice conditions.
Even those not directly engaged in these activities feel secondary impacts: school and
community event disruptions, reduced tourism income, and loss of recreational access
indirectly affect social and cultural participation (see Outdoor Recreation and Tourism
9.2.4).

Vulnerability

Cultural and social vulnerability arises when climate change disrupts traditional practices,
livelihoods, and community structures. Low-income households, families reliant on
seasonal income, and small business owners in recreation, tourism, and agriculture are
particularly vulnerable to economic shocks from unpredictable weather and poor snow
seasons. Older adults and those dependent on community networks for social engagement
are at risk of social isolation when public spaces, events, or recreational activities are
disrupted.
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10.9.3 What you can do

Individual level

To sustain mental health, Vermonters can maintain social connections to reduce isolation
during and after events. Having an action plan in place before events happen can relieve
anticipatory fear. For individuals impacted by extreme events, Vermont’s Department of
Mental Health has a 24/7 call and text line for distress and crisis support, and for peer
support (2026). More information can be found at mentalhealth.vermont.gov.

Community level

With 93% of Vermont hospitals identifying mental health as a need, there is clear
opportunity for direct investment in Vermont’s health networks (Vermont Department of
Health, 2023). Towns can support mental health and well-being by creating opportunities to
build and strengthen community relationships, such as safe access to parks and
recreational areas, organizing volunteers for post-disaster clean-up, and supporting peer
support groups.

Communities can focus efforts on improving health and social equity. Collaborative care
programs, which require buy-in across sectors (e.g., outpatient primary care, mental health
services, substance use treatment services, homeless services) are one framework that has
proven successful (Castillo et al., 2019). School-based interventions are an option for
developing health resilience in children; one in-school program that taught emotional
regulation, anxiety management, and problem solving was effective in decreasing social
anxiety, generalized anxiety, and depression scores in students (Skryabina et al., 2016).
Programs to assist and provide stable housing for people experiencing homelessness are
crucial for achieving mental health equity, especially since that population is at increased
risk due to climate change (Castillo et al., 2019).

The Vermont Department of Mental Health (DMH) created the Starting Over Strong (SOS)
Vermont program after the 2023 floods; it was then extended as needed the following years
to provide support to those affected by flooding in Vermont (VT 211, 2024). Mobile Crisis of
Vermont, is a collaborative program between the Vermont DMH and Health Care &
Rehabilitation Services (HCRS) whose goal is to “support and reassure people dealing with
emotional, mental health, or substance use crises” (Mobile Crisis of Vermont, 2026).
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Box 10-5: Nature-based solutions prove effective in improving well-being of college
students

An interdisciplinary team at the University of Vermont found that prescribing time in
nature improved well-being and decreased stress in first year college students
(Bloomfield et al., 2024). The “Lived Experiences Measured Using Oura Rings Study”
(LEMURS), started in 2022, uses a combination of weekly surveys and biophysical data
collected from wearable devices (Oura rings) to understand students’ sleep behavior,
stress, mental health, heart rate, and activity levels (M. Price et al., 2023). In this study,
researchers tested three types of health interventions intended to decrease stress and
improve well-being over a 14-week period: 1) Physical activity, 2) Nature experiences,
and 3) Therapy.

The physical activity group involved coached and self-guided strength and conditioning
sessions. The nature experiences group participated in guided and self-guided activities
structured to maximize exposure to natural elements, like snowshoeing, hiking, bird
watching, and mindfulness exercises in parks. The therapy group attended weekly group
therapy sessions and completed weekly homework assignments that relied on
established therapeutic interventions for achieving behavioral goals, like improved sleep
and mood.

While there were measurable benefits from nature-based experiences, this study found
only modestimprovements in mental health outcomes from therapy and no impact from
exercise. This contrasts the widespread recognition that therapy and exercise are good
strategies for improving mental health. The authors note that this could be for several
reasons, including low attendance, limited intensity, or contextual mismatches with
students, but they emphasize that even so, nature-based interventions are a scalable
and affordable tool forimproving mental and physiological health of young adults.

Source: Anna Maassel (2026)
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10.10 CASCADING IMPACTS

10.10.1 Modifiers of climate-health impacts

Climate hazards do not affect everyone equally. The severity of health impacts from climate
events, whether from heat, flooding, poor air quality, or extreme weather, is shaped by a set
of underlying social, economic, and environmental conditions. These conditions act as
modifiers, intensifying risk for some populations while buffering others (Figure 10-29). A
growing body of evidence shows that monitoring these modifiers over time is essential to
understanding long-term climate-health burdens in the state.

Climate 10.10.1 Health 10.10.2
Change Modifiers Impacts Ripple Effects

Figure 10-29 Framework for the factors surrounding the impacts of climate change on human
health: modifiers and ripple effects.

Source: This chapter

Social and demographic shifts

Vermont’s population is aging, with 36.3% of Vermonters aged 55 or older—a share that
continues to grow faster than many other age groups (see Community Development 11.3.1).
Older adults are especially vulnerable to heat, air quality degradation, and disruptions to
health care access during extreme events because they often have chronic conditions or
mobility limitations.

Simultaneously, socioeconomic strains are rising. Currently, 10% of Vermont households
live in poverty, including disproportionately high rates among non-white Vermonters (see
Community Development 11.3.1). For lower-income families, especially those renting or

without savings, climate events like floods or storms can mean loss of home, buried costs
in repairs, displacement, or temporary housing instability. When housing and income are
already precarious, the capacity to respond to climate hazards is severely limited.

Housing quality, infrastructure, and built environment

Many Vermont homes are older and lack modern insulation, weatherproofing, or air
conditioning. For heat waves, this lack of adequate cooling makes residents especially
vulnerable. The state’s “Heat Vulnerability Index” flags areas with high proportions of
residents who are older, living in poverty, renting, have poor housing conditions, and those
with limited access to cooling or green space as particularly at risk (Figure 10-4).

Human Health Vermont Climate Assessment 2025 80


https://www.uvm.edu/gund/vca/chapter-11-community-development#11.3.1-socioeconomic-vulnerability
https://www.uvm.edu/gund/vca/chapter-11-community-development#11.3.1-socioeconomic-vulnerability
https://www.uvm.edu/gund/vca/chapter-11-community-development#11.3.1-socioeconomic-vulnerability

Recurrent flooding and more frequent heavy rainfall have damaged roads, bridges,
wastewater treatment facilities, and septic or well systems (see Infrastructure 7.3.1, 7.4.1,
and 7.5.2). In 2023, flooding damaged more than 4,000 homes and 800 businesses
statewide and led to multiple fatalities (U.S. Federal Emergency Management Agency, 2024).
This exacerbates Vermont’s existing housing crisis, especially since flooding has
disproportionately impacted Vermont’s affordable housing stock (Duffort, 2023). In days
following the 2023 floods, Barre mayor Jake Hemmerick said, “My sense is the
neighborhoods that were the hardest hit were the least resourced” (Duffort, 2023).

Health system access, social support, and inequities in care

Geographic isolation and limited health care access—already a concern in rural Vermont—
becomes even more consequential when climate hazards strike. Climate change is
contributing to events that can disrupt medical care: power outages may prevent
refrigeration of medications, road closures may block access to health care services, and
overwhelmed facilities may be unable to respond. Access to care was reported as the
second leading priority of Vermont hospitals tied with substance use disorders, with 60% of
hospitals identifying these as community health needs (Vermont Department of Health,
2023).

Moreover, persistent inequalities in social determinants (income, housing, insurance
access, demographic marginalization) amplify vulnerability for historically underserved
populations. People with disabilities, lower-income households, and renters often face
greater barriers to stable housing, quality care, and safe environments—conditions that
climate-driven hazards may worsen. Vermont hospitals listed affordable housing as their
fourth highest priority (33%), and 20% of hospitals listed social determinants of health as a
priority (Vermont Department of Health, 2023).

Compounding and intersecting hazards

In Vermont, flood risks, heat stress, air quality degradation (e.g., wildfire smoke, allergens),
water contamination, and disruptions to infrastructure often overlap—sometimes within
weeks or months of each other. During a single month of July 2023, Vermonters experienced
heat waves, catastrophic flooding, and wildfire smoke causing compounding impacts:
power loss from a storm can incapacitate cooling systems needed for mitigating extreme
heat. The state’s Climate & Health Program warns that such overlapping hazards can
compound risk, particularly for people with chronic disease, limited resources, or
constrained mobility. These overlapping burdens magnify health risks and make recovery
more difficult.

Changing social determinants and emerging vulnerabilities
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Vermontis undergoing not only environmental change but social change: increasing poverty,
rising housing instability, an aging population, and growing inequality (see Community
Development 11.3). As these social determinants worsen, independent of climate change,
they increase the “baseline vulnerability” of many residents. Thus, when climate hazards

occur, they land on a population that may already be stressed, financially constrained, or
socially isolated, amplifying health effects and reducing resilience.

10.10.2 Ripple effects of climate-driven health burdens

When climate hazards trigger health effects, the consequences often do not stop there. In
Vermont, these effects ripple outward: impacting livelihoods, behavior, community stability,
economics, and even long-term public health trajectories. This section explores those
downstream and compound impacts, drawing on Vermont-specific experiences and data.

Housing instability, displacement, and economic strain

The floods of 2023 and 2024 devastated thousands of homes and businesses, displacing
families and overwhelming housing supply (Vermont Emergency Management, 2023). Post-
flood recovery was uneven. Some landlords have been unable to restore rental units to code,
which reduced available housing stock, increasing rental costs, and forcing residents to rent
units with prior flood damage or lingering mold. After the 2023 floods, displaced renters from
one apartment complex in Montpelier reported renting Airbnbs, couch surfing, or staying in
shelters while waiting for their apartments to be available (Duffort, 2023).

Housing instability can lead to long-term displacement, rent burden (i.e., when a household
spends more than 30% of its income on housing costs), increased unsheltered
homelessnessrisk, and greater difficulty accessing stable housing, especially among lower-
income and marginalized populations who lack resources to relocate or repair damages.
Over time, these shifts erode community cohesion and reduce the ability of households to
recover from repeated climate events.

Climate events can impact the labor pool. School closures due to heat or poor air quality
typically occur without much notice, so parents and caregivers that cannot find last-minute
childcare are forced to stay home from work. In Vermont, wage losses due to extreme heat
alone between years 2036-2065 are predicted to be between 10 and 21 million USD (Zhang
& Shindell, 2021).

Disrupted health care access and chronic disease exacerbation

Flooding, storm damage, and extreme weather frequently disrupt utilities, water systems,
roads, and power lines (see Infrastructure 7.3.2, 7.4.1, and 7.5.2). During such events,
refrigeration of medicines can fail, medical equipment may stop working, and access to
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clinics can be blocked. These present additive and serious risks to continuity of care and
health for people with chronic illnesses, older adults, and medically vulnerable populations.

Multiple coinciding extreme weather events (e.g., floods with heat waves; heat with smoke
events), compound stress to physical health and may lead to spikes in emergency visits,
hospitalizations, or long-term health deterioration—with ripple effects on health care costs,
hospital capacity, and public health resource allocation.

Behavioral and lifestyle shifts—some adverse, some adaptive

Climate-driven disruptions can lead to changes in behavior and lifestyle that carry their own
health consequences. For instance, during prolonged heat events or poor air quality
episodes, people may reduce outdoor physical activity. In Vermont, this could reduce time
spent in nature, recreation, or community outdoor gatherings, which undermines both
physical health and social well-being.

Additionally, economic stress caused by illness, home damage, or lost workdays may lead
to cutbacks in healthy behaviors (e.g., healthy food, recreation) thereby compounding the
health burden in a feedback loop that is difficult to break.

Nutrition and health behaviors

During heat or disaster-related stress, households may turn to cheaper, processed foods
with higher sugar, salt, and fat, especially if fresh produce becomes scarce, refrigerators are
compromised, or time and resources are limited. Over time, such dietary shifts may
contribute to increased chronic disease, obesity, diabetes, or other nutrition-related health
problems, compounding the original climate-driven risks. In the U.S., researchers found a
clear link between increased outdoor temperature and increased sugar intake, especially in
neighborhoods with lower levels of education and income (He et al., 2025).

Educational disruption and intergenerational impacts

Climate events such as floods, storms, or extreme heat may cause school closures,
displacement, or interruptions in transportation, which affect children’s education, daily
routines, and social development. Missed school days impair academic progress;
displacement or housing instability may lead to longer-term educational instability. For
children from already vulnerable households, these disruptions may worsen inequities in
educational attainment, social support, and long-term socioeconomic mobility.

Impacts to children’s health and development can even start before birth. Prenatal stress
from natural disasters, including ice storms and floods, has been linked to lower cognitive,
behavioral, socio-emotional, and physical development (i.e., balance and motor-skills) in
children from 0-18 years (Lafortune et al., 2021).
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Strain on public resources and inequitable recovery

Large-scale disasters draw on finite public and private resources for relief, recovery, and
rebuilding. In the wake of floods or smoke events, public health systems, emergency
services, housing agencies, and social services can become overwhelmed. For lower-
income and marginalized populations, recovery may be slower or incomplete, deepening
inequities in health outcomes, housing stability, and long-term resilience.

Delayed financial support after flooding caused ripple effects in Vermont towns. Ted Brady,
of the Vermont League of Cities and Towns, said “Because of a delay in processing FEMA
reimbursements, towns have to take out loans, towns have to take out tax anticipation notes.
Therefore, their budgets and taxpayers are paying interest that they otherwise wouldn’t need
to pay” (Hirschfeld, 2024). Managing funding after a disaster takes a toll on the mental health
of local officials. Barton town clerk Kristin Atwood recounted that securing federal funding
for her town’s public assistance projects after flooding required “a total loss of work-life
balance,” including waking up at 3 a.m. from worry (Hirschfeld, 2024).

10.10.3 What you can do

Because modifiers and ripple effects shape the ultimate burden of climate-health impacts,
reducing vulnerability and building resilience requires systemic action through housing,
infrastructure, health access, social policy, and community networks (Fielding & Hornsey,
2016).

e Prioritize investment in climate-resilient, affordable, and supportive housing:
retrofit older homes (insulation, climate-resilient foundations), ensure rental
standards for flood-resistant housing, and support low-income families and renters
after disasters.

e Strengthen infrastructure resilience: upgrade wastewater and water systems,
protect wells, invest in flood-resistant drainage and bridges, improve road
redundancy, and ensure rapid repair and recovery after disasters.

e Expand health care access and public health capacity, especially in rural areas:
support telehealth, mobile clinics, emergency medical services, mental health
support, and continuity of care for chronic conditions during and after events.

e Promote food security and nutrition support: support local agriculture,
flood-resistant farming practices, community gardens, backup food supply and
refrigeration, especially for vulnerable households.

e Support economic resilience and diversified livelihoods: help seasonal and
climate-sensitive industries adapt (e.g., through diversification, insurance, or
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transition support), safeguard small businesses, and encourage local employment
opportunities that are less climate-vulnerable.

e Invest in community cohesion and social support networks: build social
infrastructure like mutual aid groups, community centers, social services, networks
for older adults, and support for marginalized populations so that recovery is
equitable and community bonds remain strong.

e Integrate a climate justice and equity lens into all planning: prioritize support for
historically marginalized communities (low-income, non-white, renters, people with
disabilities, elderly adults), ensure access to information, resources, and support
before and after events.

e Monitor and track long-term data on health, housing, economy, demographics,
and migration, to identify trends, emerging vulnerabilities, and guide policy including
updating social vulnerability indices, public health tracking, and hazard maps
regularly.

10.11 CLIMATE & HEALTH MULTISOLVING

Multisolving is a framework for addressing multiple problems through one solution. Many
approaches focus on one main issue and view solutions to additional issues as extra
benefits. Multisolving envisions all problems as equally important and requires
interdisciplinary teams of experts to collaborate on solutions.

Climate change is a long-term issue, which can make it hard to incentivize change, yet many
actions taken to mitigate climate change have immediate benefits for other pressing
challenges (TEDx Talks, 2019). Intentionally addressing actions that mitigate both climate
change and other challenges benefits multiple issues and can increase support. For
instance, emphasizing the health benefits of actions that also help mitigate climate change
has been demonstrated to improve public engagement and policy support (Uppalapatietal.,
2023).

The following sections explore some actions that have short-term health benefits and long-
term climate benefits. These strategies include both individual level actions and
possibilities for more structural solutions.

10.11.1 Strategy: Public and active transport

Increasing use of public and active transportation is one example of a climate solution with
other immediate benefits (including to human health). Public transportation in Vermont is
limited to busses but is offered by a variety of providers (Figure 10-30; see 10.13.8). Active

Human Health Vermont Climate Assessment 2025 85



transport encompasses transportation via walking, biking, or any other people-powered
method. Active and public transport solutions together can reduce car usage.

Between state fiscal year 2012-2017, Vermont public transit provided around five million
rides (Vermont Agency of Transportation, 2022). The COVID-19 pandemic led to a decline in
ridership, and by 2022, rates had still not recovered, with about 2.4 million trips.
Consistently, around half of those rides occur in the Chittenden county area (Vermont
Agency of Transportation, 2022).

Burlington

Montpelier

Middlebury

White River Jct.

Springfield

Brattleboro

Figure 10-30 Major public transportation provider by county

Source: Go! Vermont (2026)

Health benefits

The Vermont Comprehensive Energy Plan includes the following goals: increasing electric
vehicle ownership, reducing driving alone, and increasing active and public transport usage

(Vermont Department of Public Service, 2022; see 10.13.8). If these goals were met by 2050,
VDH estimates that 2,000 lives would be saved by 2050, with the majority of those health
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benefits tied to active transport (Vermont Department of Health, 2019). Data from around
2010-2011 was used as a baseline to align with the Comprehensive Energy Plan.

Active Transport: Active transport has health benefits because itincreases physical activity.
In 2022, 20% of Vermonters reported having no leisure time physical activity within the last
month (Vermont Department of Health, 2025b). Residents of Orleans, Caledonia, and
Orange counties had significantly lower levels than the statewide average (Figure 10-31).
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Figure 10-31 Vermont adults with no leisure time physical activity by county, 2022-2023

Source: Vermont Department of Health (2025b)

Note: Visualization by Hannah C. Turner

Limited physical activity is one of three behaviors associated with four diseases (cancer,
heart disease and stroke, type 2 diabetes, and lung disease) that cause 50% of deaths in
Vermont (Vermont Department of Health, 2024d). Increasing physical activity through
walking or biking as a form of transportation can help prevent these chronic diseases.
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Physical activity can benefit Vermonters with other conditions. Arthritis affected 29% of
Vermonters in 2023 (Vermont Department of Health, 2025b). Low-impact exercise, like
walking, can reduce severe joint pain. In 2021, 32% of Vermonters with arthritis who were
not physically active experienced severe joint pain, as opposed to 17% of those who were
active (Vermont Department of Health, 2025d). Improved bone and muscle health from
exercise can also reduce risk of falls and allow older adults to complete more activities. For
all adults, exercise is associated with reduced anxiety and depression and improved sleep
(U.S. Centers for Disease Control and Prevention, 2024f).

Public Transportation: Ensuring access to public transport may support health care access
and utilization. Travel time and distance has been identified as a barrier to rural Americans
in using health care (Douthit et al., 2015). Because rural residents are also more likely to
face other barriers (e.g., financial constraints, lower likelihood of broadband connection to
access telehealth services), ensuring that rural residents have access to public
transportation that connects them with health care providers is even more important.

Climate benefits

Public and active transport can help reduce transportation-related emissions. According to
the EPA, an average passenger vehicle emits 4.6 MTs of CO, per year (U.S. Environmental
Protection Agency, 2016b). Altogether, the transportation sector accounted for 39% of GHG
emissions in Vermont in 2021 (Giles, 2025; see Energy 8.3). Increasing public and active

transport usage is challenging to implement in Vermont, which is largely rural and has
declining ridership and high costs that put pressure on transportation providers to cutroutes
(Brouwer, 2025).

10.11.2 Strategy: Plant-based diets

Plant-based diets emphasize plant-based foods and have decreased amounts of meat,
dairy, eggs, and other animal products. While diets focused on both climate and health
benefits have been proposed, it is essential that any dietary recommendations are
responsive to local cultures (both in terms of diet and food production methods), locally
available foods, and specific individual health needs (e.g., reproductive-age women have
different dietary needs than other groups; Klapp et al., 2025). As such, this assessment will
make no specific dietary recommendations.

Health benefits

In 2015, 79% of Vermont adults did not eat the recommended five servings of fruits and
vegetables per day (Vermont Department of Health, 2025a). Eating more produce is
important and has many health benefits including decreased risk of many chronic diseases
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such as obesity, heart disease, diabetes, and some cancers (Vermont Department of Health,
2025a; Table 10-6).

Total meat consumption is positively correlated with weight gain, although so is an
unhealthy plant-based diet (high in sugar, low in fruits and vegetables; Gibbs & Cappuccio,
2022). Meat consumption is associated with an increase in type 2 diabetes risk, even when
adjusted for weight (Gibbs & Cappuccio, 2022). Two meta-analyses found that plant-based
diets were associated with a 10% or 16% lower risk of CVD incidence (Gibbs & Cappuccio,
2022). To learn more aboutthe importance of food security for health, see 10.8 Food security.

Table 10-6 Lifetime impacts of nutrition-related diseases on Vermont adults

Nutrition-related disease % of Vermont adults reporting lifetime impact in 2023
Obesity 30% (aged 20 or older)

Cardiovascular disease 8%

Hypertension 33%

Diabetes 9%

High cholesterol 34%

Source: Vermont Department of Health (2025b)

Climate benefits

Transitioning to a plant-based diet could reduce diet-related GHG emissions by 49% (Gibbs
& Cappuccio, 2022). Another analysis estimated a 29-70% decrease in food-related GHG
emissions by 2050 (compared to a 2005/2007 baseline) if different levels of plant-based
diets were adopted globally (Springmann et al., 2016). Reducing red meat consumptionis a
key component, as 52% of global GHG emissions related to food systems come from cattle
products (Gibbs & Cappuccio, 2022).

10.11.3 Strategy: Reduced food waste

Food waste has negative impacts on human health and the environment, as food that is
thrown into the landfill is both lost calories and nutrients, and it releases GHGs. While
composted food still releases carbon dioxide, if managed properly, it does not release
methane (a more potent heat-trapping GHG). In contrast, all landfilled foods contribute to
methane emissions. The VTDEC estimated thatin 2023, between 144,365 and 162,653 tons
of food waste were produced in Vermont, and between 50.7% and 56.8% was diverted from
the landfill (Vermont Department of Environmental Conservation, 2024). Part of this
diversion, 3,430 tons, is food that grocery stores and other businesses sent to Vermont
Foodbank instead of the landfill, but this did not account for other programs that provide
otherwise-wasted food to food insecure individuals (Vermont Department of Environmental
Conservation, 2024).
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Food waste can be reduced by food banks by increasing delivery to clients directly and
through partner agencies managing some pickup and distribution (Zou et al., 2025).

Health benefits

Food waste diversion programs may improve food access. For example, the Intervale Center,
Vermont Gleaning Collective, and other similar organizations harvest excess produce from
farms and give the food to people experiencing food insecurity. It is important to note that
food wasted on farms is often termed food loss instead of food waste, leading to different
categorization and tracking, but there are still environmental and health benefits from not
wasting this supply of food.

There can be concerns, especially among businesses donating food, about foodborne
illness spread via diverted food. A case study of food waste diversion for consumption in
California demonstrates the importance of outreach to businesses, especially by
environmental health inspectors, who can alleviate concerns about liability for foodborne
illnesses. To further address these concerns, the partnership organizing program also
developed a training for volunteers to ensure proper food safety practices are implemented
(Garcia-Silva et al., 2017).

Concerns about food diversion exist on the food bank side. Retailers may pass the burden
of managing food waste to food banks by sending inedible or unwanted donations, requiring
infrastructure, time, and money. Recovering food waste for consumption for food insecure
people should not be viewed as a solution to food insecurity or food waste (Millar et al.,
2020). These programs would be more effective if recipient organizations had more power
to control the type, quality, and flow of donations, or tax incentives that support beneficial
donations (Neff et al., 2015).

School-based nutrition education has been shown to increase fresh produce consumption
and nutrition while reducing food waste (Brennan & Browne, 2021). Fruits and vegetables
are the most wasted category of food, even though they are important for nutrition. Reducing
waste may support more consumption of these foods and lead to savings that can be
partially directed towards the continued purchase of high-quality foods (Neff et al., 2015).

Climate benefits

When food is wasted, the cropland, energy, fertilizers, and other resources dedicated to its
production, transportation, and processing are also wasted. When food waste is disposed
of in the landfill, it decays anaerobically, leading to CO, and methane production. Nationally,
food waste accounts for 58% of methane emissions from municipal solid waste landfills
(U.S. Environmental Protection Agency, 2023c). While composting is a better option than
landfills, itis not a comprehensive solution to food waste. Less food needs to be discarded.
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10.11.4 Strategy: Green spaces

Green spaces vary in size and characteristics but have a variety of health benefits. Vermont
is 76% forested and has 55 state parks, among other recreation sites (Vermont State Parks,
2026; see Forests 3.2). There is a state park within a 30 minute drive of every Vermont town
(Vermont Agency of Natural Resources, 2025). For those without reliable personal
transportation and for day-to-day use, urban trees and smaller parks provide important
benefits to the environment and human health. However, urban trees are more vulnerable
to climate change, so adaptation actions will be needed to preserve these resources and
expand them in areas with less urban tree cover (see Forests 3.9 and 3.10.3).

One effort to add trees to private lands in areas that are more impacted by extreme heat has
involved VDH, the Vermont Urban & Community Forestry Program, and the Arbor Day
Foundation, among others. Areas with higher heat vulnerability are targeted to provide
benefits to the homeowners and the broader community. Between 2017-2025, the
Community Canopy Program planted 6,060 trees, leading to over a million dollars in
estimated benefits (Vermont Urban & Community Forestry Program, 2026; see 10.13.8).

Health benefits

Green spaces improve air quality, decrease temperatures, improve water quality by
absorbing and slowing runoff, and have a multitude of mental health benefits. There are a
variety of theories about the drivers of mental health benefits of nature, but spending time
in nature has been clearly associated with reduced stress and improved cognition. Attention
Restoration Theory suggests that human-made and natural environments engage our brains
in different ways, and that natural environments require less effort to view, allowing
attention to be restored (Mcdonnell et al.,, 2025). In a randomized controlled study
comparing individuals who went on an urban versus natural walk, self-reported emotional
state improved and neural activity associated with executive attention decreased
(McDonnell & Strayer, 2024). Recreating in green spaces contributes additional health
benefits. The American Heart Association recommends that adults get at least 150 minutes
of moderate aerobic activity weekly (American Heart Association, 2024), and green spaces
provide more opportunities for safely achieving this.

Climate benefits

Green spaces act as a carbon sink, absorbing CO, from the atmosphere. Vermont’s forests
sequester over five million metric tons of CO, equivalents annually (Vermont Department of
Forests, Parks and Recreation, 2026). However, the amount of CO, equivalents absorbed by
Vermont’s forests has been in decline (see Forests 3.4). The previously mentioned
Community Canopy Program’s trees planted between 2017-2025 will lead to avoided or
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sequestered CO, emissions of 1,614 MT over the next 40 years (Vermont Urban &
Community Forestry Program, 2026).

10.11.5 Strategy: Weatherization

Weatherization is the process of improving home infrastructure to reduce leakage of heat in
or out of the home, such as adding insulation or sealing gaps (e.g., around windows).
Vermont’s 2022 Comprehensive Energy Plan set a goal to increase the number of
weatherized homes in VT by 120,000 by 2030 (compared to 2008 levels; see Energy 8.5.1).
State policy has focused on weatherizing the homes of low-income and moderate-income
Vermonters, where energy costs account for a larger portion of household spending (see
Energy 8.5.2). The 2025 Vermont Climate Action Plan mentioned weatherization in six of its
52 priority actions (Vermont Climate Council, 2025).

Since 2016, the Rutland Regional Medical Center has referred low-to-moderate income
patients dealing with respiratory illness or home accessibility challenges to NeighborWorks
of Western Vermont’s HEAT Squad (now Cornerstone Housing Partners), which completes
weatherization and other health-protective home upgrades (Vermont Department of Health,
2018a). Expanding this across the state, from 2018-2021, Efficiency Vermont, the Vermont
Office of Economic Opportunity Weatherization Assistance Program, VDH, and partner
hospitals ran four pilots of the Healthy Homes program to improve population health and
reduce GHG emissions (Capps, 2022). Ten households with occupants affected by asthma
and/or COPD participated in the first year and received education, air quality improvements
and other health upgrades (e.g., grab bars to prevent falls), and energy efficiency upgrades
on top of standard weatherization actions. The pilots have served a variety of areas and
demographic groups (based on income and/or health conditions; see 10.13.8).

Health Benefits

Weatherization can benefit health indirectly by decreasing the cost of heating and electricity
and thus allowing for more spending on health care, nutritious food, and other necessities.
This is especially relevant for low-income Vermonters who spend a higher portion of their
budget on energy and may face more pressure to choose between energy and health-
supportive essentials. Weatherization impacts health more directly by improving
temperature regulation and air quality and decreasing opportunities for pests like
mosquitoes to enter the home (see 10.3, 10.5, and 10.6.2 for more information on these
hazards). VDH estimated that over a decade, weatherizing 2,000 low-income homes “would
help prevent an estimated 223 emergency department visits... associated with reduced
health impacts caused by asthma, cold and heat” (Vermont Department of Health, 2018b).
Home improvements may also lead to general improvements in quality of life and mental
health (Vermont Department of Health, 2018a).
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Participants in the 2019 Healthy Homes pilot shared the following testimonials:
“We don’t get mold on the windows anymore.”

“l was able to take a shower in the morning because it’s warm. The floors are warm.
| hope to move my bed back into the bedroom now that it’s warm in there.”

“With the work done, I’m saving $150 a month on fuel. | feel a consistent comfortable
and my breathing is good” (Capps, 2022).

In an analysis of weatherization recipients who also use Medicaid, health care costs
associated with respiratory and cardiovascular health were lower than the control group for
two years post-weatherization (Vermont Department of Health, 2025j; see 10.13.8).

Climate benefits

Weatherization practices allow for decreased energy consumption because energy leakage
(in the form of heat) decreases. This decreased energy consumption leads to decreased
emissions when heating is derived from fossil fuel-related sources. In 2020,
thermal/heating was the second-largest contributing sectorto Vermont’s GHG emissions at
36%, making energy efficiency key for Vermont to reach its emissions goals (Energy Action
Network, 2026a).

10.11.6 Strategy: Electrification

While most of Vermonters’ electricity comes from renewable sources, most of residential
heatingin Vermont does not use electricity, creating barriers to emissions’ reductions in the
thermal sector. Approximately 12% of Vermont households are primarily heated by
electricity, less than any other state in the U.S. (U.S. Energy Information Administration,
2026). In contrast, approximately 11% of Vermont households use wood as their primary
heat source, more than any other state (U.S. Energy Information Administration, 2026), while
38% of Vermonters use wood as a primary or secondary heat source (Vermont Department
of Health, 2017). Many Vermonters use at least two heat sources in case of extreme events
that disable one, such as electric outages or fuel delivery disruptions.

Electrifying household energy systems and switching away from other sources like wood
can have higher upfront costs than alternative energy sources. However, they can lead to
reduced costs over time, making incentives, grants, and financing programs key for
supporting electrification on the household level (Vermont Climate Council, 2025).

Health benefits

Burning wood improperly or using inefficient stoves is associated with PM, s levels that can
often exceed the EPA’s ambient air quality standards (Walker et al., 2021). PM,s exposure
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can lead to negative respiratory and cardiovascular health outcomes (see 10.5). People at
increased risk of health effects from wood smoke are: people who work outdoors, pregnant
people, children, teens, seniors, and people with heart or lung diseases, diabetes, or obesity
(U.S. Environmental Protection Agency, 2013b). Gas stoves also emit pollutants like
nitrogen dioxide and carbon monoxide that have negative health effects (Krasner & Seals,
2020). Switching to electricity for heating and cooking reduces negative health effects from
indoor air pollution, but may require a back-up (e.g., battery, generator, secondary heat
source) in case of power outages.

Climate benefits

In 2024, Vermont’s electricity was 75% based on renewable energy sources, so switching to
electric heating and cooking sources will reduce emissions (Vermont Climate Council,
2025). Currently, the thermal sector is the second-largest contributor to GHG emissions in
Vermont, accounting for 31.5% of emissions in 2022 (Energy Action Network, 2026b). About
half of those emissions are residential.

10.11.7 Strategy: Health care sector decarbonization

The health care sector plays a bi-directional role in climate change as a significant
contributor of GHG emissions (Lenzen et al., 2020). In 2021, over 200 medical journals
issued an unprecedented joint statement declaring climate change the greatest threat to
public health (Atwoli et al., 2021). Soon thereafter, the National Academy of Medicine
launched an Action Collaborative in Decarbonizing the U.S. Health Sector (National
Academy of Medicine, 2021). Globally, health care is responsible for roughly 5% of GHG
emissions, with the U.S. accounting for about a quarter of that total—the highest per capita
(Eckelman et al., 2020; Pichler et al., 2019). Approximately 80% of these emissions result
from supply chains that support resource-intensive diagnostics, treatments, and
infrastructure (Seervai et al., 2022). Pharmaceuticals alone contribute 10% of GHG
emissions in the health care sector.

In response, the health care sector has a critical role to play in mitigating climate change
and improving health outcomes through decarbonization and by embracing climate-smart
practices (Bhopal & Norheim, 2023; Hough & Cohen Tanugi-Carresse, 2024; Lakatos et al.,
2023). This includes transitioning to renewable energy, reducing reliance on single-use
plastics, optimizing supply chains, minimizing unnecessary pharmaceutical reliance and
rethinking prescribing practices to include all evidence-based, non-pharmacologic
therapies (Lakatos et al., 2023; Vatovec, 2025). Climate-smart health care involves
designing facilities with energy-efficient infrastructure and adopting sustainable waste
management (Walsh et al., 2024). By aligning clinical practices with environmental

Human Health Vermont Climate Assessment 2025 94



stewardship, the sector can reduce its ecological footprint while enhancing resilience to

climate-related health threats.

Box 10-6: UVM Medical Center GHG emission reductions
Christine Vatovec, University of Vermont

The University of Vermont Medical Center (UVYMMC) has implemented a wide range of
initiatives to reduce GHG emissions and promote climate-friendly health care. As one of
the top 25 sustainable hospitals in the U.S., UVYMMC has demonstrated leadership in
environmental stewardship through energy-efficient infrastructure, waste reduction, and
climate resilience efforts (Gardner Carson, 2025).

The UVMMC has upgraded lighting systems, improved anesthesia delivery for better air
quality, and constructed Leadership in Energy and Environmental Design (LEED)-certified
buildings—leading to energy savings and a reduction in GHG emissions. Recent changes
in nitrous oxide delivery systems alone will reduce GHG emissions equivalent to 65
homes’ annual energy use (Thomas, 2025). UVMMC prioritizes sustainable food
sourcing, purchasing from over 70 local producers and spending 42% of its food budget
within 250 miles to reduce transportation emissions. Its telemedicine expansion aims to
reduce vehicle trips, thereby lowering GHG emissions while improving access to care.

The Environmental Services team has been honored for its waste reduction and recycling
programs, including a robust composting initiative.

10.12 TRACEABLE ACCOUNTS

Traceable accounts describe the confidence level—i.e., the degree of certainty in the

scientific evidence—for each key message resulting from this chapter. This analysis is
based on the U.S. Global Change Research Program guidance in the Fifth National Climate

Assessment (Crimmins et al., 2023).

Confidence Very high

Level

Evidence Level Strong Moderate Suggestive Inconclusive
evidence: evidence: several | evidence: evidence: limited
established courses, some a few sources, sources,
theory, multiple | consistency, limited extrapolations,
resources, methods vary, consistency, inconsistent
confident and/or models findings, poor
results, well- documentation incomplete, documentation
documented limited, etc. methods and/or methods

emerging, etc. not tested, etc.
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and accepted
methods, etc.

Consensus Level | High consensus | Medium Competing Disagreement or
consensus schools of lack of opinions
thought among experts

Key message #1:
Actions to mitigate climate change, such as biking to work, weatherizing homes, or

supporting the expansion of green spaces, have direct health benefits, from increased
cardiovascular and respiratory health to improved mental health.

Confidence level Very high

Evidence base Peer-reviewed literature, media, and government reports
document actions that have health benefits and climate
benefits.

Some uncertainties around quantifying the impact or
mechanisms of certain interventions (e.g., weatherization or the
mental health impacts of green spaces).

Major uncertainties

Key message #2:
Increasing heat waves and limited access to air conditioning are already affecting health and

safety, particularly for older adults, outdoor workers, and those in urban areas.

Confidence level Very high

Evidence base Strong evidence: Vermont Department of Health Data; multiple
literature reviews.

Long-term monitoring needed to capture full impacts

Major uncertainties

Key message #3:
Vermonters’ physical health, housing status, and livelihoods are at increased risk due to

more frequent and more intense flooding.

Confidence level Very high

Evidence base Strong evidence; multiple Vermont data sources; strong
literature.

Long-term monitoring needed to capture full impacts.

Major uncertainties

Key message #4:
In a state with the 5" highest rate of adult asthma in the country, intensifying wildfire smoke,

pollen, and mold are exacerbating the existing respiratory disease of many Vermonters while
creating new health concerns for others.

Confidence level

High

Evidence base

Moderate — Uncertainty exists in Vermont as to the extent that
air quality will change in the future (How bad will it get?). Strong

Human Health
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Major uncertainties

evidence exists in literature for the connection between poor air
quality and health.

More data is needed in Vermont linking exposures to health
outcomes. Much of the data relied on currently is anecdotal.

Key message #5:

The active seasons for ticks and mosquitoes are lengthening in Vermont, leading to

increased diversity and prevalence of vector-borne diseases. Rates of Lyme disease
increased by about four times between 2008-2024, highlighting the serious and growing
health risks of these vector-borne diseases.

Confidence level

Very high

Evidence base

Major uncertainties

Peer-reviewed literature, state and national reports. Strong
evidence in the literature that climate-related variables impact
the magnitude and spread of vector-borne diseases and strong
evidence at a state level that these diseases are having an
increasing impact on Vermonters’ health.

Many cases are asymptomatic or otherwise unreported, so
cases may be underestimated. The magnitude of the impact of
climate change on specific diseases is unknown.

Key message #6:

Threats to water quality are being shaped by climate change, as floods spread contaminants,
heat amplifies pathogen and cyanobacteria growth, and drought concentrates pollutants.
These hazards are especially notable for the about 39% of Vermonters who are private well-

users.

Confidence level

High

Evidence base

Major uncertainties

Peer-reviewed literature, state and national reports, and
international reports demonstrate that climate change has
impacts on water quality. State reports and literature document
water quality challenges in Vermont.

General peer-reviewed evidence on health impacts of
cyanotoxins and nitrates is still developing.

Vermont-specific data on associations between climate change
and nitrates and mercury, and the extent to which these hazards
impact Vermonters’ health, is lacking.

Uncertainties around the magnitude of climate change’s effects
on water quality challenges and uncertainties on the level of
nitrates and cyanotoxins that are hazardous to adults and all
population groups, respectively.
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The magnitude of the impact of climate change on specific
waterborne pathogens is unknown.

Key message #7:
In addition to affecting Vermonters’ physical health, climate change is eroding mental

health, well-being, and the sense of identity and belonging that comes from place, seasons,
and shared traditions.

Confidence level Medium
Evidence base Peer reviewed literature and anecdotal evidence in Vermont
Major uncertainties More quantitative data is needed in this area in Vermont

Key message #8:
Climate change is acting as a “threat amplifier,” deepening existing inequities and placing

disproportionate health burdens on Vermonters that are already vulnerable. The direct
health impacts of climate change create ripple effects that impact children’s education,
increase the burden on Vermont’s health care system, and create new threats to Vermont’s

economy.
Confidence level Medium
Evidence base Suggestive evidence. Many of these ripple effects require long
term data to fully evaluate the impact, which is rare to find at
this time in Vermont (related to secondary health climate
change risks)
Major uncertainties Longer term data would be helpful to decrease uncertainty.
10.13 RESOURCES

10.13.1 Temperature

e VDH website: “Hot Weather”
e Lake Champlain Sea Grant: Reducing use of deicing salt for homeowners

10.13.2 Extreme weather

e VDH website: “Stay Safe in a Flood”

10.13.3 Air quality

e Airnow.gov Air Quality Flag Program
e VDH website: “Air Quality Alerts, Wildfires & Your Health”

10.13.4 Tick and mosquito-borne diseases

e VAAFM tire slicer program for farmers
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e VDH website: “Prevent Mosquito Bites”

o VDH website: “Prevent Tick Bites and Tick-Bite Illnesses”

10.13.5 Water quality

e VDH website: “How to Test Your Drinking Water”

e Vermont Guide to Stormwater Management for Homeowners and Small Businesses
e VDH website: “Mercury in Fish”

e VDH website: Cyanobacteria Tracker

e VTDEC website: “Vermont Cyanobacteria Monitors”

10.13.6 Food security

e Vermont Gleaning Collective

¢ Vermont Foodbank

o Hunger Free Vermont

e Feeding Champlain Valley

10.13.7 Well-being, identity, and livelihoods

e Vermont Complex Systems Institute LEMURS study overview

10.13.8 Climate & health multisolving

e Go!Vermont website: “Local Bus Routes”

e 2022 Vermont Comprehensive Energy Plan

e VT Departmentfor Children and Families website: “Home Weatherization Assistance

Program”

o Vermont Urban and Community Forestry Program Community Canopy Program
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