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8.1 key messages 

• Climate change affects human health by exacerbating existing health problems and 

amplifying conditions for new health problems. 

• Individuals who are children, over 65 years of age, of low socioeconomic status, 

Indigenous, or have previous health issues are more vulnerable to the health effects of 

climate change. 

• Warmer and more moist temperatures in Vermont are likely to create more habitat for 

disease-carrying ticks and mosquitoes. 

• Increases in the number and severity of natural disasters in Vermont will likely increase 

the risk of injury, illness, and death. 

• Climate change could affect the quality and safety of food and water, which could lead 

to increases in food and water-borne illnesses. 

• Decreases in air quality will exacerbate existing chronic diseases and decrease water 

quality. 

• Mental health is inextricably linked with environmental health. Impacts from climate 

change could contribute to mental health challenges. 

8.2 introduction: climate change and health  

The myriad effects of climate change impact every part of the human body in one way or 

another, and climate change effects also disrupt health systems, supply chains, and health 

infrastructure (Salas et al., 2019; Lancet Countdown, 2020). Many changes are expected in 

Vermont, and all of these will have subsequent health impacts. For instance, increased heat 

waves, poor air quality days, and extreme weather lead to health-related impacts such as more 

emergency department (ED) visits, higher risk of respiratory illnesses, and increased 

occurrence of tick-borne diseases. Human health is, and will continue to be, detrimentally 

affected by the changes in climate (Figure 8-1). Particularly vulnerable populations to climate 

change are Vermonters sixty-five years and older, children under five years, pregnant women, 
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Indigenous populations, and individuals in low-income communities (Melillo et al., 2014; 

USGCRP, 2018).  

This chapter discusses: 1) climate change and how it will impact human health in Vermont; 2) 

how some demographics will be more vulnerable to these health impacts; and 3) actions we 

can take to lessen the impact. The many issues discussed in this chapter can be 

overwhelming in terms of number and types of actions, but readers should keep in mind that 

Vermonters can learn about and choose specific and individualized actions for each issue. In 

addition, the Vermont Climate and Health Program, a subset of the Vermont Department of 

Health, has many resources for further reading and information. Much of the data and 

information in this chapter is gleaned from the hard work of those who are part of that 

program.  

 

Figure 8-1: The impacts of climate change on human health (CDC, 2020b) 
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8.3 temperature and human health  

Vermont, as a northern latitude state, experiences a wide range of temperatures throughout 

the year. The summers are warm and humid, and the winters are cold and dry. In the past, 

Vermonters generally have known what to expect from each season. However, in recent years, 

Vermont has begun to experience heat waves—prolonged abnormally high temperatures of 

several days or more—more frequently than ever before, as evidenced by three separate heat 

waves in the summer of 2020 alone (NOAA NWS Burlington, 2021). There has been an increase 

in the average annual minimum and maximum temperatures over time (see Climate Change in 

Vermont chapter), and these changes can have direct impacts on human health. Vermont 

already is seeing more heat stroke and dehydration from high temperatures and an associated 

increase in heat-related ED visits since 2003. With warming temperatures, the number of heat-

related ED visits is expected to continue to rise, as discussed later in this chapter. In addition 

to an overall increase in temperature, other factors such as humidity, lack of wind, and 

physical exertion affect heat’s impact on human health. These impacts can include heat 

exhaustion and heat stroke, dehydration, cramping, sunburn, heat rash, and more. 

8.3.1 Changes in Temperature from Climate Change  
One way to understand changes in temperature is to track the number of extreme heat days, 

defined as days over 90°F (32°C). Since the 1960s, Vermont has experienced an average 

increase of 0.5 days over 90°F (32°C) per decade (see Climate Change in Vermont chapter). 

Warm summer nights are more frequent as well, with a trend of 0.5 more nights per decade 

above 70°F since the 1990s resulting in a net gain of 1.5 more warm nights per year since the 

1960s (Figure 8-2) (Galford et al., 2014). In addition, three of the ten heat waves since 2010 

occurred in 2020 (Figure 8-3), and, as of this writing (August 2021), two heat waves have 

occurred so far in 2021 (NOAA NWS Burlington, 2021). Compared to an average of seven 

extreme heat days per year in the early 2000s, climate scientists predict that Vermont is likely 

to experience 15–20 extreme heat days each year by 2050 and 20–34 extreme heat days each 

year by 2100 (VT Dept. Health, 2016a).  
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Figure 8-2: Number warm nights (days with minimum temperature above 70ºF (horizontal hash marks) 

Note:  Decadal averages are plotted above and below the 1900–2019 mean value (solid black line). See Climate 
Change in Vermont chapter. 
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Figure 8-3: Of the ten heat waves from 2010–2021 in Vermont, three occurred in 2020 (NOAA NWS 
Burlington, 2021) 

 
 

 

Figure 8-4: Average annual temperature (maximum and minimum) for the Burlington International 
Airport 

Note: Across Vermont, the average maximum temperature has increased by 0.5°F per decade from 1991-2020, while 
the average annual minimum temperature has increased significantly by 0.7°F per decade over the same period (see 
Climate Change in Vermont chapter). (xmACIS, 2021).  
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While the increase in extreme heat days impacts Vermont summers, winters are also 

changing. The average minimum temperature in Vermont has increased by 2.6℉ (1.4°C) from 

the 1960s to the 2010s (Figure 8-4) (Galford et al., 2014; Vermont Emergency Management, 

2018). This means that as the highest temperatures increase, so do the minimum 

temperatures. This impacts cold-weather crops, such as field corn, wheat, oats, blueberries, 

and apples, which experience lower yields as temperatures increase (Dunnington, 2010). Milk 

production also decreases when temperatures are above 75°F (24°C), as ideal milking 

temperatures range from 40°–75°F (4–24°C) (Dunnington, 2010). The potential decline in 

yields of these staple foods could lead not only to negative economic impacts, but also to food 

shortages and subsequent health impacts related to the lack of available food.  

While the absolute amount of degree change in average temperature over time in Vermont 

may seem small, climate change will have surprising impacts on extreme weather, the growing 

season, precipitation, water and air quality, and more (VT ANR, 2021). Impacts secondary to 

extreme heat events are discussed below.  

8.3.2 Impacts of Heat on Human Health and the Environment  
Nationally, extreme heat is characterized by high heat and humidity and temperatures that 

exceed 90°F (32°C) for two to three days or more. Extreme heat is responsible for the highest 

number of annual deaths among all weather-related hazards (ready.gov, 2021). In Vermont 

extreme heat is considered 87°F (31°C) or higher. The health impacts of extreme heat can be 

very severe as the body works hard to maintain normal temperatures. Heat can have serious 

impacts on Vermonters’ health, especially extreme heat (VT Dept. Health, 2016a). Vermonters 

are particularly at risk to extreme heat due in part to Vermonters’ physiological adaptation to 

cooler climates. Such adaptation means that the threshold temperature above which mortality 

increases is lower than in warmer climates (Kovats & Hajat, 2008). When the human body 

cannot cool itself down properly, a person can be at risk for heat illnesses. Heat illnesses 

include strokes, cramps, fainting, heat exhaustion, and heat stroke, which is life-threatening. In 

addition, vulnerable Vermonters, such as those who are more exposed to hot conditions, those 
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who are older or more sensitive to heat, and those who have limited resources, may be at a 

higher risk during heat waves, especially if they do not have means to cool down. Extreme heat 

can also exacerbate certain environmental conditions and pre-existing health conditions, 

rendering individuals more vulnerable to heat-related illnesses (VT Dept. Health, 2021c).  

According to the Vermont Department of Health (VDH), Vermont is not uniformly impacted by 

heat waves; rather, “the highest risk areas for heat illness were located in the northeastern 

counties of Orleans and Essex, along with the urbanized areas of Bennington, Montpelier, 

Rutland, St. Albans, and Vergennes” (VT Dept. Health, 2016a). This disparity in risk can be seen 

in the VDH’s vulnerability index maps, where each district and/or county is rated on its 

vulnerability to climate change based on several different factors: population size, 

environmental factors, acclimatization ability, socioeconomic status, health status, and heat 

emergencies (VT Dept. Health, 2016c). Overall, the highest vulnerabilities exist in northeast 

and southwest Vermont (Figure 8-5). Essex and Orleans counties, located in the far northeast 

of the state, also have the lowest incomes, with average annual incomes approximately $7,000 

and $9,000 less per capita than the state average (U.S. Census Bureau, 2019).  

Many residents of the main cities in Vermont are at higher heat illness vulnerability to climate 

change than other residents in their counties. This is likely due to factors such as the age of 

the population (where vulnerable individuals are under five and over sixty-five years old) and 

environmental factors such as dense housing, high proportion of paved areas, and lack of tree 

cover (VT Dept. Health, 2016c). 
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Figure 8-5: Heat illness vulnerability in Vermont 

Note: Heat illness vulnerability in Vermont is based on town data, including population, environmental, acclimatization, 
socioeconomics, health, and heat emergency data (VT Dept. Health, 2016c).  

 
 
Another indicator of the impact of extreme heat on health is the number of heat-related ED 

visits: ED visits “increase eight-fold when temperatures reach 87°F or higher” (VT Dept. Health, 

2016a). The latest data on Vermonter’s ED visits from 2016 shows a general increase in overall 

visits since 2003 (Figure 8-6); this correlates with an increase in the number of extremely hot 

days, or days with temperatures greater than 90°F (32°C) (VT Dept. Health, 2016a, 2019b). In 
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addition to heat stress, heat-related illnesses occur fifty times more frequently in urbanized 

areas in Vermont than in the peri-urban surrounding areas (VT Dept. Health, 2016a). 

  

Figure 8-6: Number of emergency department visits due to heat stress by Vermonters  (2003 - 2016, 
black dashed line with solid linear trend line) and number of days >90°F averaged across Vermont 
(orange dashed line with solid linear trend line). 

Note:  Emergency department visits (VT Dept. Health, 2019b) and number of days >90°F (Climate Change in Vermont 
chapter). E.D. visits include any Vermonter visiting an E.D. in Vermont, New Hampshire, New York for all years, and 
Massachusetts for all years except 2014, 2015, 2016. 

 
 
Secondary Heat-Related Health Impacts 

Another result of extreme heat is an increase in mosquito-borne illnesses because an increase 

in temperature prolongs ideal temperatures for mosquitoes that carry diseases to thrive (VT 

Dept. Health, 2018f). In other words, Vermont should expect more mosquito days. An increase 

in temperature and number of hot days in Vermont is likely to increase the number of people 

getting vector-borne diseases that already exist in Vermont and to create a climate favorable 

for other mosquito-borne illnesses to spread (VT Dept. Health, 2018f). This is discussed more 

in depth in the Vectors section of this chapter.  
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Higher temperatures also mean changes to the water systems in Vermont. In Lake Champlain, 

for instance, there are algal blooms that shut down public beaches and make the water 

hazardous to swim in each year. Cyanobacteria, commonly called blue-green algae, is found 

naturally in freshwater. However, with consistent hot weather, cyanobacteria can flourish and 

multiply to create a green scummy film over the top of a body of water; this is called a bloom 

(VT Dept. Health, 2018e). Cyanobacteria have toxins called cyanotoxins that, at high levels 

such as during an algal bloom, are a hazard to human health as they can cause stomach pain, 

diarrhea, liver damage, skin rashes, runny noses, and sore throats (VT Dept. Health, 2018e). 

This is discussed further in the “Food and Water” section of this chapter.  

Heat events impact air quality and worsen air pollution. Heat waves create stagnant air that 

traps pollution particles that are then breathed in. Increased temperatures also increase the 

likelihood for drought, which dries out vegetation. This vegetation is then more susceptible to 

wildfire, which also releases pollutants into the air (Peterson et al., 2014).  Vermont’s growing 

season is lengthening (see Climate Change in Vermont and Agriculture and Food Systems 

chapters), which may impact the timing and duration of pollen (VT Dept. Health, 2018g). The 

combination of increased average temperatures and decreased air quality can change 

people’s engagement in outdoor activities and recreation, which may be associated with 

increased rate of obesity and cardiovascular disease. Even with increased indoor exercise, 

people may have reduced access to restorative emotional benefits of time spent outside.  

The impacts of increasing temperatures on air quality clearly have a myriad of health impacts. 

Worsening air quality exacerbates respiratory illnesses such as asthma and lung cancer, and, 

as seen above, can impact general cardiovascular health. These impacts are discussed further 

in the Air Quality section of this chapter. 

8.3.3 Impacts of Cold on Human Health and the Environment  
In Vermont, winter weather can cause icy roads and disrupt power supply, which in turn can 

lead to dangerous conditions such as car accidents and leaving Vermonters without heat. In 

addition, cold can lead to hypothermia and frostbite. Frostbite “is an injury caused by freezing 
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of the skin and underlying tissues. First your skin becomes very cold and red, then numb, hard 

and pale. Frostbite is most common on the fingers, toes, nose, ears, cheeks, and chin. Exposed 

skin in cold, windy weather is most vulnerable to frostbite. But frostbite can occur on skin 

covered by gloves or other clothing" (Mayo Clinic, 2019). Shoveling snow can “stress [the] 

heart and lead to a heart attack” (VT Dept. Health, 2021e). An increase in minimum 

temperatures in Vermont may have the positive effect of potentially decreasing the number of 

cold-related illnesses and deaths, although by 2050 Vermont may experience more icy 

conditions (see Climate Change in Vermont chapter), which pose different risks. Any winter 

warming benefits could be outweighed by an increase in heat-related illnesses and deaths (Ebi 

& Mills, 2013). Further, warmer winters may bring less precipitation falling as snow and more 

as ice or lead to spring recreation on dangerously cold-water bodies.  

8.3.4 What You Can Do 
Individuals and Outdoor Workers 

While extreme heat events can be detrimental to health, there are still many ways to reduce the 

impacts of extreme heat. For individuals working or recreating outside, it is a good idea to 

develop a safety plan to address extreme heat days (VT Dept. Health, 2021c). The Centers for 

Disease Control and Prevention (CDC) and the National Institute for Occupational Safety and 

Health (NIOSH) have guidelines that workers can follow to protect their health and safety 

during hot days (NIOSH, 2016). Some of these suggestions include: implement a buddy 

system to keep an eye on indicators of heat stress, provide and drink plenty of cool water, 

increase airflow of an area, implement a heat alert system for extreme heat days, take frequent 

rests in the shade, implement a heat-related training program, and train workers on heat-

related first aid (NIOSH, 2016; VT Dept. Health, 2021c). 

In addition, there are technological tools to aid in heat-related events. One of these tools is the 

Heat Safety Tool mobile app sponsored by the Occupational Safety and Health Administration 

(OSHA) and NIOSH. While the tool is aimed towards individuals who work outside, it can be 

beneficial for anyone who enjoys being outdoors in warm weather or is particularly vulnerable 

to the effects of extreme heat. OSHA uses the heat index to “calculate the heat index and get 
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associated risk level worksite recommendations” (NIOSH, 2016). In other words, it helps 

workers and companies take the appropriate safety actions according to the heat, humidity, 

and wind factors at their workplace. 

Cities and Communities 

While it is important to respond to heat events on the individual level, acting as a community is 

also essential for community and individual well-being and health. Similar to creating a work 

safety plan, communities and cities can create community response plans that specify 

particular actions to take on extreme heat days (VT Dept. Health, 2021c). One such plan is the 

Vermont Hazard Mitigation Plan (Vermont Emergency Management, 2018), which discusses 

changes in temperature and ideas for mitigation. However, having individualized plans for 

specific communities can be extremely beneficial, as each community has its own needs and 

resources.  

Communities can also open cooling centers. These centers can be “any air-conditioned 

building that can be opened to the public, such as a library, town hall, or senior center,” (VT 

Dept. Health, 2021a). These centers include air conditioning, water access, seating, restrooms, 

and more, and can allow access to anyone (VT Dept. Health, 2021a). Along with cooling 

centers, communities can make sure to mobilize their care networks in order to make sure that 

those most vulnerable are being taken care of (VT Dept. Health, 2021a, 2021c).  

Ensuring that buildings are energy-efficient is another action that communities can take to 

help reduce the impact of heat on human health (VT Dept. Health, 2021c). In addition, 

communities can encourage tree and shrub planting, thereby reducing the paved surface area 

that receives direct sun and contributes to urban areas being warmer than rural areas 

(Vermont Emergency Management, 2018; VT Dept. Health, 2021c, 2021a).  

Homeowners and Landlords 

Many of the above actions are short-term responses to heat events, not long-term actions. 

Homeowners and landlords can improve buildings to not only provide shelter from heat, but 

also improve the standards of living for many people at risk of heat illness. Homeowners and 
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landlords may modify ventilation systems to increase flow of cool air, seal air leaks, 

weatherize the building properly, replace old lights with LED bulbs, install cooling devices such 

as air conditioners, and use light-colored construction materials to reflect light and heat (Hot 

Weather VDH, 2020). As mentioned previously, planting shrubs, vines, and trees can also be a 

longer-term solution to providing shade and preventing excessive urban heat (Vermont 

Emergency Management, 2018; VT Dept. Health, 2021c, 2021a).  

8.3.5  Resources for Further Reading 
1. Vermont Department of Health Heat Webpage (https://www.healthvermont.gov/health-

environment/climate-health/hot-weather) (2021) provides detailed information about 

heat events in Vermont and actions individuals can take. 

2. Vermont Department of Health Heat Vulnerability Index 

(http://healthvermont.gov/sites/default/files/documents/2016/12/ENV_EPHT_heat_vulner

ability_in_VT_0.pdf) (2016) provides specific district-level information about 

vulnerability to heat in Vermont. 

3. Heat Waves in Burlington, Vermont 

(https://www.weather.gov/media/btv/climo/extremes/heatwave.pdf ) (2020) lists heat 

waves from 1886 to present.  

4. Vermont Emergency Alert (https://vem.vermont.gov/vtalert) (2021) is where you can sign 

up to receive emergency alerts. 

5. Vermont Hot Weather Media Toolkit 

(https://www.healthvermont.gov/sites/default/files/documents/pdf/ENV_CH_HotWeather

_MediaToolkit.pdf ) (2020) gives detailed information on heat changes in Vermont, the 

impacts, and the tools available for individual and collective action. 

8.4 air quality, pollution, and health impacts 

Climate change has a direct impact on air quality, as increased temperature and moisture 

levels in the atmosphere contribute to the distribution of allergens, pollutants, and irritants in 

the air (Dean & Green, 2018), and human activities simultaneously contribute to climate 



 
 

Human Health   Vermont Climate Assessment, 2021          15 

change and poor air quality (Figure 8-7). The WHO considers air pollution to be the “single 

largest environmental health risk” of climate change (Campbell-Lendrum & Prüss-Ustün, 2019; 

WHO, 2016), and the UN General Assembly ranked air quality as one of the top five major risk 

factors for human health (Figure 8-8) (Campbell-Lendrum & Prüss-Ustün, 2019). Approximately 

9% of deaths are related to air quality issues (Ritchie & Roser, 2017; WHO, 2016) (see Fig. 7). 

Many noncommunicable diseases, such as asthma and chronic obstructive pulmonary 

disease (COPD), are exacerbated by poor air quality conditions.   

 

Figure 8-7: Exhaust from vehicles contributes to air pollution, and thus decreases the quality of the air 
we breathe (Britannica, 2020) 

Vermont is considered to have some of the cleanest air in the nation (VT DEC, 2021a). 

However, this does not mean that Vermont is immune to the impacts of pollution and 

aeroallergens, both of which affect the air we breathe. This air pollution can impact—or lead 

to—health conditions such as asthma, lung cancer, and heart disease (VT Dept. Health, 

2021d). While, in general, Vermonters have not had to worry too much about air quality, there 

are certain climatic conditions that exacerbate air pollution (VT Dept. Health, 2021d). This 

section will discuss the types of air quality issues and the subsequent health impacts Vermont 
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faces. It will also discuss the climatic changes likely to impact air quality, trends over time, and 

any changes to human health related to air quality. Finally, this section will discuss ways 

Vermonters can help reduce the impact of poor air quality on their health and work to improve 

Vermont’s air in general.  

 

Figure 8-8: Air pollution as the fourth highest number of deaths by risk factor in 2017 (Ritchie & Roser, 
2017) 

8.4.1 Air Quality: Pollution and Allergens 
There are two types of air quality indicators. The first is air quality impacted by pollution 

related to both indoor and outdoor human activity. The two types of air pollution that result 

from human activity and dominate air quality in the US are ozone (O3) and particle pollution 

(American Lung Association, 2021). Ozone is emitted from smokestacks, vehicle exhaust, and 

among other sources. At ground level, O3 creates smog, is very harmful to breathe in, and is 

“like getting a sunburn on your lungs” (American Lung Association, 2021). Particle pollution is 
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a mix of very small solid and liquid particles in the air and comes from exhaust from vehicles 

and industry (American Lung Association, 2021). Particle pollution is deadly and can 

exacerbate pre-existing health conditions like asthma and COPD.  

Vermont does not experience high volumes of traffic, nor does it have large amounts of 

industry contributing to air pollution (VT Dept. Health, 2021d). In fact, Burlington and South 

Burlington are ranked in the top four cleanest cities in the nation with regards to air pollution 

(American Lung Association, 2021). However, Vermont’s air quality is impacted by pollution 

from outside of the state. For instance, in the summers of 2020 and 2021, the wildfires that 

ravaged California and western Canada produced enough smoke in the atmosphere that 

Vermonters could see a haze in the air from wildfire smoke for several days, an occurrence 

that is “far from the norm” (French, 2020). Therefore, while the state itself does not produce 

much pollution, it is not immune to the pollution from out of state. In addition, many 

Vermonters use wood as a source of heat for their homes; wood heat carries the risk of 

increased pollutants within the household. This pollution permeates the air we breathe, so we 

end up breathing in pollution particles, which can hurt our lungs and exacerbate pre-existing 

conditions like asthma. With the increase in hot days and precipitation that are anticipated 

with climate change, there is a likelihood that particle pollution and ozone episodes will be 

more frequent. In fact, temperature is the “most important meteorological factor in driving 

ozone episodes.” So, with increasing temperatures, ozone pollution will likely be more 

prevalent (Shen et al., 2016). 

The second air quality indicator is related to allergens. The number of warmer days and 

projected increase in carbon dioxide in the atmosphere lengthens the growing season for 

many plants in Vermont (Galford et al., 2014). An increase in plant growth releases more pollen 

and other allergens into the atmosphere (VT Dept. Health, 2018g). This increases the likelihood 

of pollen in the air, which impacts air quality (VT Dept. Health, 2019g). For instance, one 

common allergen that affects many people is ragweed, and ragweed is likely to benefit from 

climate change and expand its range in Vermont (Case & Stinson, 2018). An increase in 

allergens in the atmosphere impacts people with existing heart and lung conditions by 
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lowering the quality of air that we breathe. Finally, climate change may result in more mold 

growth in homes, which also impacts air quality (VT Dept. Health, 2018g).  

8.4.2 Air Quality and Health Impacts 
Particle Pollution 

Respiratory illnesses and allergies are greatly impacted by air quality. Poor air quality can lead 

to issues such as lung cancer, asthma, and heart disease (Figure 8-9; VT Dept. Health, 2021d). 

In 2019, the EPA concluded that particle pollution: 

1. Causes early death from both long- and short-term exposure. 

2. Causes cardiovascular damage, including heart attacks, heart disease, and strokes. 

3. Likely worsens diseases such as asthma and COPD. 

4. Likely causes cancer and nervous system harm, as well as developmental harm. 

(American Lung Association, 2021)   

In 2013 and again in 2020, the EPA concluded that O3 exposure: 

1. Causes worsening of pre-existing conditions like asthma and COPD. 

2. Likely causes early death from both long- and short-term exposure. 

3. Likely causes cardiovascular damage, including heart attacks, heart disease, and 

strokes. 

4. May cause nervous system and reproductive and developmental harm. (American Lung 

Association, 2021; U.S. EPA, 2013, 2020).  

As these conclusions indicate, air quality has a direct impact on several aspects of human 

health. Not only do air pollutants cause damage in and of themselves, but they also 

exacerbate pre-existing conditions like asthma.  
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Figure 8-9: Impacts of ozone and particle pollution on human health (American Lung Association, 2021) 
 

Aeroallergens 

Climate change is lengthening the growing season in Vermont, and thus expanding the 

amount of time plants produce pollen and other such aero-allergens (VT Dept. Health, 2018g). 

The amount, concentration, and potency of pollen, spores, and other allergens in the 

atmosphere is thus increasing (K. R. Smith et al., 2014), triggering additional allergic 

responses and asthmatic reactions. Pollen and other aeroallergens can affect human health 

by creating itchy eyes, rashes, hives, runny noses, sinus issues, breathing problems, and more. 

One study showed that when there is a higher concentration of pollen in the atmosphere there 

are more ED visits due to asthmatic symptoms (Darrow et al., 2012). Thus, a longer growing 

season and increased plant growth due to increased carbon dioxide levels in the atmosphere 

from GHGs increases the likelihood of a longer aero-allergen season and a longer period of 

subsequent negative health effects. Another study found that over four million new childhood 

asthma cases could be attributable to nitrous oxide pollution, a pollutant in tailpipe emissions, 
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industrial processes, and agricultural production (Achakulwisut et al., 2019). Urban centers 

host 64% of those cases.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Box 8.1: Ragweed 
Ragweed is a common plant that provokes many allergic reactions (Figure 8-10). The 

pollen produced by this plant stimulates reactions like itchy eyes, sneezing, and even 

asthma. With increased temperatures and carbon dioxide (CO2) levels in Vermont, 

there is likely to be an increase in ragweed flowering, duration, and pollen output 

(Stinson et al., 2016). One study warned that an increase in ragweed due to climatic 

changes in Vermont will necessitate monitoring and mitigating its presence and, 

since it grows primarily in disturbed soils, planning urban development and 

construction to minimize soil exposure and disturbance (Case & Stinson, 2018).  

 

Figure 8-10: Ragweed (A. artemisiifolia) is a common allergen that may increase in flowering, 
duration and pollen with climate change) (Nonenmacher, R.A., 2014) 
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Asthma 

Asthma is a prevalent chronic respiratory condition that is triggered by environmental factors 

such as pollen, particulate matter, fuel, and pesticides (VT Dept. Health, 2021d). Asthma 

impacts approximately 11% of Vermont adults (Figure 8-11) (VT Dept. Health, 2018g). The 

number of Vermonters with asthma increased about 50% from 2000 to 2010 (VT Dept. Health, 

2018g). This rate in Vermont is higher than the national average, and one of the highest rates 

in the northeastern United States (VT Dept. Health, 2019g). Some experts think Vermont has 

such high asthma because of Vermont’s older housing stock and lack of access to medical 

care due to the rural nature of the state (King, 2015). In addition, having pets is a trigger for 

asthma, and is a common link among those who have asthma in Vermont (King, 2015). During 

hot and humid days, more pollution (ozone and pollution particles) from vehicle emissions, 

wood smoke, and wildfires are trapped in the air and can exacerbate asthma (VT Dept. Health, 

2019e, 2021d). Hot and humid days also can impact household mold, another trigger for 

asthma.  
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Figure 8-11: A. Asthma rates in Vermont (circles) and the U.S. (squares) B. Average annual fine 
particulate matter in the atmosphere 

Note: Notice the spike in asthma rates in Vermont in 2016, just before an increase in particulate matter (Department of 
Environmental Conservation, 2021; United Health Foundation, 2021).  

 

A 

B 
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Asthma disproportionately affects people in lower socioeconomic groups. Among lower 

socioeconomic groups, the prevalence of asthma is 20%, compared to the statewide average 

of around 11% (VT Dept. Health, 2016b). This is due not only to potential environmental air 

quality factors, but also to increased risks of other comorbidities, low income housing, and 

smoking (VT Dept. Health, 2016b). A study in 2016 found that about four in ten lower income 

Vermonters were exposed to at least four or more negative environmental factors that 

exacerbate asthma (VT Dept. Health, 2016b). A state study found that smoking is almost twice 

as prevalent among Medicaid-insured Vermonters than other Vermonters, so these 

Vermonters and their families are more exposed to indoor smoke from cigarettes (VT Dept. 

Health, 2016b). This data points to socioeconomic disparities within Vermont that can be 

exacerbated by the burden of asthma, thus leading to even greater disparities. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Box 8.2: COVID-19 and Asthma 
There is concern that individuals with asthma have increased risk of serious cases 

of COVID-19. Studies have shown that if asthma is well-managed, asthmatic 

individuals infected with COVID-19 have similar hospitalization rates as the general 

public (Terry et al., 2021). However, asthmatic individuals with moderate or severe 

asthma and are unable to manage their asthma are at a higher risk for 

hospitalization from a COVID-19 infection (CDC, 2021b). Because of the high rate of 

asthma in Vermont, the state has targets for decreasing and managing asthma in 

individuals. This would, in turn, help decrease the likelihood of hospitalizations from 

infections like COVID-19. The Respiratory Score Card indicates Vermont’s asthma 

goals and achievements (VT Dept. Health, 2019f).  
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8.4.3 What You Can Do 
While air quality and air pollution are huge issues that are difficult to pinpoint or address 

singularly, Vermonters can take many actions to prevent poor air quality and thus address the 

subsequent health issues that arise.  

Indoor Air Quality 

There are three main factors to improving indoor air quality: improved ventilation, source 

control, and air cleaning (U.S. EPA, 2020). To act, Vermonters should examine sources of air 

pollution in the home (such as wood-burning stoves, gas stoves, old insulation, and moldy 

basements) and implement measures to address them, like cleaning wood stove chimneys, 

updating insulation, cleaning up mold, and making sure the home is well ventilated when using 

chemicals such as cleaning supplies. Installing carbon monoxide detectors or air filters also 

help with indoor air quality. To learn more about how to address these issues, go to the 

Vermont Department of Health’s Healthy Homes webpage (Figure 8-12) (VT Dept. Health, 

2021b).  
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Figure 8-12: The impact of weatherization (“Wx”) on health (VT Dept. Health, 2018d) 

Note: Weatherization includes methods of protecting a building from outside elements like sunlight, precipitation, cold, 
and heat. 

 
 
Wood Burning 

At 22 pounds of particulate matter emissions per capita, Vermonters burn wood at the highest 

rate in the nation (Associated Press, 2015; Mingle, 2019). Around one in six Vermonters rely 

primarily on wood to heat their houses (US EIA, 2020). Considered a renewable fuel source, 

wood burning is a component of Vermont’s goal to be using 90% renewable energy by 2050 

(VT Dept. Public Service, 2021). This includes the goal of increasing the percentage of 

Vermonters relying on wood fuel for heat from 21% to 35% by 2030 (Sherman et al., 2019).  
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Wood burning produces pollutant particles that can be inhaled and cause lung irritation, 

asthma attacks, and more (VT Dept. Health, 2017b). To reduce the impact of wood smoke on 

health, improving ventilation and filtration of the smoke is essential. Increasing the amount of 

outdoor air that circulates through the home (US EPA, 2014) and installing air purifiers, air 

monitors, and carbon monoxide detectors can help to reduce pollutants in the air and even 

detect when levels of wood smoke pollutants are high (VT Dept. Health, 2017b). In addition, 

because outdoor air quality tends to be poorer in the winter and at night, people who are 

sensitive to wood smoke should consider avoiding spending time outside when burning wood 

(VT Dept. Health, 2017b). The Vermont Department of Environmental Conservation suggests 

that Vermonters wishing to burn wood as a heat source in their homes have an energy expert 

assess the home and suggest efficient and clean wood stoves or boilers (VT DEC, 2021a). For 

instance, automated wood pellet heating greatly reduces the emissions emitted by wood 

burning while also effectively heating the home. State incentives, community outreach, and 

partnerships may help individuals make the transition to wood pellet burning and also adopt 

other alternative energies in their homes (Edling & Danks, 2021).  

In the Home 

There are many ways to reduce emissions and pollutants in the house. One is by using LED 

bulbs, which last longer and use less energy. Another way is by using energy-efficient 

appliances. They use less energy, which ultimately reduces the amount of pollutants emitted 

(VT DEC, 2021a). Efficiency Vermont is a good resource for learning about appliances and 

methods of improving your home’s energy use. Making sure that appliances are up to date and 

in good working order (i.e., by replacing filters, updating heating systems) helps with 

efficiency, too. Using cleaning products that are citrus-based and paints that are water-based 

latex ultimately help to reduce the number of irritants in your household. In addition, starting 

fires with natural starters, such as charcoal chimney starters, helps to reduce the amount of 

pollutants emitted in the home (VT DEC, 2021a). 

Outdoor Air Quality 

Reducing pollutants in outdoor air improves the air we breathe. When it comes to pollution in 

the air outside, some factors are out of our control, such as pollution swept in from 
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neighboring areas. However, there are many things that Vermonters can do to improve local 

outdoor air quality, reduce emissions that contribute to greenhouse gas (GHG) emissions, and 

ultimately mitigate climate change. By doing these actions, Vermonters are not only protecting 

their health and the health of those they care for, but also helping Vermont meet its GHG 

reduction goals.  

Travelling 

Transportation is the largest contributor to GHG emissions in Vermont, which impacts climate 

change and the air we breathe (Figure 8-13) (Bureau of Transportation Statistics, 2017). While 

we rely heavily on fossil fuel-powered vehicles to get from one place to another, there are 

several ways to travel and reduce vehicle exhaust emissions. One is to ride a bike. This has the 

dual benefit of reducing GHG emissions and improving individual health through exercise. 

Public transportation is another option, as is carpooling. While the latter two options emit 

GHGs into the atmosphere, sharing transportation reduces total GHG emissions and thus 

reduces the amount of pollution in the air. Vermont has several resources related to public 

transport and signing up to carpool with others.  

 

Figure 8-13: Energy use by sector in Vermont in 2016 

Note: The transportation consumes the most energy (in Btu—British Thermal Units) in Vermont. By walking, carpooling, 
and taking public transport, Vermonters can contribute to decreasing these numbers (Bureau of Transportation 
Statistics, 2017). 
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If it is necessary to use a car, the Vermont Department of Environmental Conservation 

suggests that people connect with others to share rides, limit idling in the car, and ensure your 

vehicle is up to date on maintenance (VT DEC, 2021g). In addition, keeping car tires fully 

inflated helps reduce gas usage, and avoiding topping up on gas can help prevent gas spillage 

(VT DEC, 2021g). Finally, switching to an electric or fuel-efficient vehicle has the multiple 

benefits of reducing emissions while conserving energy and saving you money. In Vermont, 

there are several incentives from the state, utilities companies, federal government, etc., to 

switch to electric vehicles (EVs) (Drive Electric Vermont, 2021). Drive Electric Vermont has 

more information on these incentives, including a calculator. Not only do these interventions 

help to improve air quality, they also help Vermont achieve its goal to reduce GHG levels to 

40% below 1990 levels (State of Vermont, 2021b). Because personal transportation (i.e., cars, 

motorcycles, trucks) makes up about 45% of Vermont’s total GHG emissions, cutting down on 

driving can make a huge impact on GHG reduction and air quality (State of Vermont, 2021b). 

Recreating 

Before exercising outside, consider checking the air quality index and the allergen forecast. Air 

quality can also be found via TV, radio, and newspapers. When pollution levels are high, avoid 

exercising outside. In addition, try to exercise away from busy roads or in high traffic areas, as 

these areas tend to have higher concentrations of pollutants from vehicles (American Lung 

Association, 2021). 

8.5 extreme weather events 

Extreme weather events—heat, storms, floods, and heavy rainfall, which are becoming more 

severe and frequent in the Northeast, including Vermont—increase the risk of injury, illness, 

and death (K. R. Smith et al., 2014; USGCRP, 2018).  Precipitation events and flooding are the 

extreme weather events that pose the largest public health threat in Vermont. Hurricanes and 

tropical storms increasingly threaten the state, as seen by the devastation caused by Tropical 

Storm Irene on August 28, 2011 (Figure 8-14). Irene caused record flooding and severe damage 

to Vermont’s landscape, infrastructure, and economy, and it caused six deaths and many more 
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direct and indirect physical injuries (VT Dept. Health, 2017a). The destruction caused by Irene 

to transportation infrastructure alone totaled $250 million, according to VTrans (National 

Wildlife Federation, 2016). Irene exemplified the risks of extreme weather events and brought 

climate change resilience conversations to the forefront for legislative and planning agendas 

in the state (Hewitt, 2016). This section will discuss the changes in extreme weather events in 

Vermont, the impacts of those events on human health, and actions Vermonters can take to 

address these issues. 

 

Figure 8-14: Devastated infrastructure due to Tropical Storm Irene in Killington, VT (Inside Climate 
News, 2016) 

8.5.1 Changes in extreme weather events 
This section describes previous extreme weather events and examines the impacts of climate 

change on extreme weather events in Vermont. Vermont has experienced eighteen nationally 

declared disasters from 2010 to 2020, compared with eleven from 2000 to 2010 and twelve 

from 1990 to 2000 (Figure 8-15) (FEMA, 2021).  
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Figure 8-15: Number of nationally declared disasters in Vermont 1971-2020 (FEMA, 2021)  

Note: Disasters include severe storms, precipitation, flooding, high winds, landslides, and freezes.  
 

Precipitation 

Vermont is getting wetter (Figure 8-16) (See the Climate Change in Vermont chapter). Since 

1965, Vermont has seen an increase of seven inches in annual precipitation, and almost 

double the amount of precipitation days per year (VT Dept. Health, 2017a). In addition, 

Vermont is likely to see an increase in winter and spring precipitation, which initially will fall as 

snow, but increasingly will fall as winter rain (Galford et al., 2014) (see Climate Change in 

Vermont chapter). These changes have cascading effects on agriculture, plants, and human 

health, as will be discussed later.  
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Figure 8-16: Annual precipitation in Vermont 1960–2020 (blue lines). Average precipitation (red line) is 
increasing. (NOAA National Centers for Environmental Information, 2021). 

Increased precipitation increases the potential for floods. Floods can destroy roads needed to 

transport people to the hospital and other health centers. Floods can cause physical injuries 

and death and can damage critical infrastructure. Vermont is prone to flooding from its rivers 

and streams and from storms like Tropical Storm Irene. During that storm, the changes to 

stream size were massive. Kevin Geiger of the Two Rivers Ottauquechee Regional Commission 

said, “There [were] streams that [weren’t] streams — streams that had no water in them (before 

the storm) — that split houses in half. You had streams you could step over carrying full-size 

trees” (State of Vermont, 2021a).  

8.5.2 Impacts on health 
Extreme weather events impact human health directly and indirectly from environmental and 

infrastructural damage. 

Increased precipitation will create ideal growing conditions for household mold in buildings 

that are prone to dampness. As mentioned in the Air Quality section, mold can have serious 

impacts on respiratory health. In addition to exacerbating or causing respiratory issues (such 

as asthma, COPD, and allergies), long-term, low-level exposure to mold can cause fatigue, 
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depression, concentration issues, and low immune responses (American Lung Association, 

2021).  

Damaged critical infrastructure—such as electricity, refrigeration, health care, and sanitation 

and water treatment—causes health risks. These include heat or cold issues from power 

outages, illness from spoiled food or water contamination, and mental health issues such as 

post-traumatic stress disorder (PTSD)(VT Dept. Health, 2017a; Wang et al., 2019). In addition, 

damaged infrastructure can disrupt medical treatment, especially problematic for those with 

chronic illnesses (see Box 8.3).  

PTSD, anxiety, depression, and exacerbation of existing mental health issues are common 

during and after severe storms, such as Tropical Storm Irene (Wang et al., 2019). For instance, 

in town meetings in the town of Rochester immediately after Tropical Storm Irene, first one, 

then nine, then twenty-five residents were identified as needing urgent medical care or support 

for both mental and physical ailments (Shulins, 2014). When interviewed three years after the 

storm, multiple residents reported long-term emotional disturbances including anxiety, 

sadness, fear, and stress (Buschman et al., 2014). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

BOX 8.3: Rebuilding Mental Health Support After Tropical 
Storm Irene  
The mental health impacts of Tropical Storm Irene persisted much longer than it took 

to rebuild much of the devastated infrastructure. After the destruction wreaked by 

Irene, including the damage of Vermont’s main mental health facility in Waterbury, the 

state had to scramble to provide mental health services and support to those 

impacted (Buschman et al., 2014). Irene brought to the forefront major issues within 

Vermont’s centralized mental health system, and Vermont has since restructured 

much of its mental health delivery to be based more on community-support than 

hospitalization (Hewitt, 2016). The storm catalyzed a state-level response to change 

the existing system to support individuals and fostered a strengthening of community 

closeness, support, and pride (Buschman et al., 2014).  
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Risks of infectious diseases increase with increased precipitation and storms, especially when 

people are exposed to overrun sewage systems and have skin wounds (REF: Rudolph & 

Harrison, 2016). An increase in vector-borne diseases (see Vectors section) is also possible, as 

often there is an increase in mosquitoes, and thus an increase in the risk of those mosquitoes 

carrying disease, after heavy storms and precipitation (REF: Rudolph & Harrison, 2016). While 

in Vermont there are now very few mosquito-borne illnesses, with increased temperatures and 

precipitation that is likely to change (see Vectors section). 

8.5.3 What You Can Do 
While extreme weather events can be devastating, there are things that individuals, 

communities, and the state can do to plan for them and reduce their impact. For more 

information on community resilience, see the Community Development chapter. 

Infrastructure Improvement 

Vermont has notoriously old infrastructure. In 2019, Vermont received a C letter grade for its 

infrastructure by the American Society of Civil Engineers (ASCE), with particularly bad grades 

for stormwater and wastewater infrastructure (both of which received a D+) (American Society 

of Civil Engineers Vermont Section, 2019). Old infrastructure leads to health risks, including air 

quality problems and physical danger from unsafe structures. When roads, buildings, bridges, 

and other infrastructure are not up to standards, they are more easily damaged by storms like 

Irene. This issue requires a multi-pronged solution that focuses on leadership, investment, and 

resilience at the state and federal levels. The ASCE suggests Congress fully fund infrastructure 

programs and fix the Highway Trust Fund (American Society of Civil Engineers Vermont 

Section, 2019). It also suggests that leadership focus on leveraging proven and emerging 

technologies to bolster infrastructure projects, make use of limited resources, scale up the use 

of natural or “green” infrastructure to enhance the resilience of various infrastructure sectors, 

and inventory state stormwater assets (American Society of Civil Engineers Vermont Section, 

2019).  
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In Vermont, green infrastructure partnerships like the Green Infrastructure Collaborative aim to 

maintain and enhance the natural and environmental spaces within communities and cities. 

These partnerships emphasize the essential roles that natural spaces play in various sectors 

of society (e.g. increasing property values, rendering ecological services, and promoting 

human health and well-being) (VT DEC, 2021b). As previously mentioned, having tree cover 

within urban areas helps reduce the impact of extreme heat on health. In order to preserve 

these spaces, Vermonters can join the conversation, sign up for listservs, and volunteer to 

plant trees or other green infrastructure initiatives through Vermont Urban and Community 

Forestry’s webpage (https://vtcommunityforestry.org/programs) (VT UCF, 2021).  

To learn more about green infrastructure, visit Vermont Urban and Community Forestry’s paper 

(https://vtcommunityforestry.org/sites/default/files/pictures/Resource/greeninfrastructure.p

df) on green infrastructure’s roots and applications (VPIC, 2012). See also the green 

infrastructure section of the Community Development chapter.  

Community Hazard Mitigation Planning 

Risk Assessment: Understanding the risks that communities face is an important tool in 

planning for how to respond to these potential risks. One tool created after Tropical Storm 

Irene by Flood Ready Vermont is the Vermont Flood Ready Atlas 

(https://floodready.vermont.gov/assessment/vt_floodready_atlas) (State of Vermont, 2021c), 

which overlays information on flood hazard areas on a map in order to visualize places at risk 

of flooding. This mapping tool helps to identify communities and residences that are within 

flood-prone areas in Vermont. Second, as of 2015, approximately 90% of Vermont’s 

communities participate in the National Flood Insurance Plan (NFIP), which insures buildings 

and communities in case of flooding (State of Vermont, 2021c). Yet another tool to assess 

communities’ status on flood preparedness and resilience is also from Flood Ready Vermont: 

community hazard reports. These reports are updated by communities around Vermont to 

assess: the level of flood risk, the status of certain infrastructure and the status of local 

mitigation action plans (State of Vermont, 2021c). According to the Vermont Economic 

Resilience Initiative (VERI), thirty-four towns were identified as economic centers that have 

high infrastructural and non-residential vulnerability to flooding. The ten towns with the most 
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buildings in river corridors are listed in Figure 8-17 (VT Dept. Housing and Community 

Development, 2015).  

 

Figure 8-17: Ten towns with the most buildings that are at-risk of flooding (VT Dept. Housing and 
Community Development, 2015) 
 

Hazard Mitigation Planning: In 2018, the Vermont Division of Emergency Management, in 

partnership with other state agencies, released an updated Vermont State Hazard Mitigation 

Plan, which outlines plans to reduce the impacts or risks of natural hazards (VT Emergency 

Management, 2018). The Plan discusses how to mitigate the impacts of natural hazards, not 

how to mitigate the events themselves (Figure 8-18) (VT Emergency Management, 2018).  
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Figure 8-18: Assessment of probable impact of hazards in Vermont on various sectors of society 

Note: Hazards listed are the current and past hazards, and probability indicates the likelihood of experiencing that 
hazard the future. The rankings of 1-4 under Probability and Potential Impact sections indicate frequency of 
occurrence, with 1 being unlikely and 4 being highly likely. Vermont continues to be at risk mostly from erosion, floods, 
ice, snow, and wind (VT Emergency Management, 2018).  

 
The Plan also discusses different mitigation and actions, including Hazard Mitigation 

Assistance, public assistance programs, and the Emergency Relief and Assistance Fund 

(ERAF), which provide a degree of disaster insurance to those at risk from natural disasters. 

Planning for the disaster eventualities allows towns and municipalities in Vermont to 

understand the risks and make sure there are plans and actionable items to enact in case of a 

natural disaster. As of September 2018, Vermont had 173 approved Local Hazard Mitigation 

Plans (LHMPs), constituting 63.7% of the state’s plans, 50 expired LHMPs, and 52 

municipalities without any approved LHMP (Figure 8-19) (VT Emergency Management, 2018). 

Ensuring that all municipalities in Vermont have current LHMPs will help the state with regards 

to hazard mitigation. 
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Figure 8-19: Status of municipal Local Hazard Mitigation Plans in Vermont in 2018 (VT Emergency 
Management, 2018) 
 

Community members can engage with the local hazard mitigation chapter, sign up for VT 

Alerts, and keep up-to-date on local hazard mitigation plans to keep abreast of how Vermont 

and its local communities are reacting to and preparing for future hazards.  

 

 

 

 

 

 

 

Box 8.4: Starting Over Strong Vermont 
After Tropical Storm Irene damaged or destroyed many residential homes and much 

state infrastructure, many people were left without access to crisis support. Enter 

Starting Over Strong (SOS) Vermont, a federally funded organization that deploys 

small teams of crisis support workers to communities impacted by crises and 

provides psycho-educational support and short-term interventions to struggling 

individuals and families struggling. SOS Vermont hosted community gatherings to 

promote the creation of support groups, to build resilience, or just to share stories. 

SOS Vermont is an excellent example of a short-term, post-disaster intervention that 

helps individuals and communities recover after disasters (Aikman, 2012). 
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8.6 vectors 

Climate change is increasing the spread of vector-borne diseases across the United States 

and around the world (Githeko et al., 2000; Rocklöv & Dubrow, 2020; K. R. Smith et al., 2014). 

Briefly, warmer temperatures are more ideal environments for organisms such as mosquitoes 

and ticks, insects that can spread diseases like malaria, Lyme, chikungunya, Zika, etc. (Rocklöv 

& Dubrow, 2020). Because Vermont is likely to experience a warmer environment as the 

climate changes, there is likely to be an increase in the diseases spread by vectors. This 

section will discuss the changes in vector ecology (study of disease-bearing organisms) and 

tick-borne and mosquito-borne diseases, how Vermonters are impacted by these changes, and 

what Vermonters can do to address these changes.  

Vector-borne diseases are particularly responsive to climate change for several reasons 

(Figure 8-20). Climate change may shift the geographic range where the vector may live; 

reduce natural controls (such as die-off caused by winter freezing) on vectors and hosts; 

influence the life cycle of a pathogen; or affect the incubation time of a pathogen within its 

vector, leading to an increase in reproductive and biting rates (Patz, 2003; Patz et al., 1996, 

2000; Patz & Frumkin, 2016; USGCRP, 2018). Hotter summers and warmer winters will allow 

tick-borne diseases, such as Lyme disease, Anaplasmosis, and Babesiosis, to flourish. Other 

vector-borne diseases, such as West Nile Virus and Eastern Equine Encephalitis, will also 

increase. All these factors lead to an increased risk of contracting a vector-borne disease, 

especially for populations already living in or near the geographic area where the diseases are 

present (K. R. Smith et al., 2014). Monitoring and controlling vectors like ticks and mosquitoes 

in Vermont will become an extremely important task as the climate continues to warm. 
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Figure 8-20: Temperature and precipitation effects on vectors and pathogens (Table 12.2, Patz & 
Frumkin, 2016) 

8.6.1 Tick-Borne Diseases 
Tick-borne diseases are increasing in Vermont (Allen et al., 2019). Climate change has 

expanded the areas where ticks live and breed, and thus the areas where disease occurs. 
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Diseases from vectors such as ticks that have not been seen in Vermont will start to become 

prevalent, and those that are already here will become more pervasive. In Vermont, tick-borne 

diseases are generally most prevalent in southern counties, but the trend could move 

northward with climate change. Longer summers not only could change vector distribution 

and biology, but also could lengthen the prime transmission period for these diseases (Figure 

8-21). The Vermont Department of Health states succinctly: 

Ticks can only live in areas where the climate is suitable for them, having the right 

temperature and the right amount of moisture. Warming temperatures due to climate change, 

especially during the winter months, may make Vermont more hospitable to blacklegged 

ticks. Warmer winters can also help the survival of important hosts for ticks, like white-footed 

mice. This could result in tick populations increasing in areas where they are already present, 

and the introduction of ticks to areas that were not previously infested, such as colder, 

northern areas and areas at higher elevations [...] Ticks are typically not active at 

temperatures below freezing. Warming temperatures due to climate change mean more days 

when ticks are active and looking for blood meals, which means a greater risk of ticks biting 

people. (VT Dept. Health, 2018c).  

Additionally, ticks prefer warm, moist weather, which is likely to become more prevalent in New 

England as global temperatures increase (Polhamus, 2017). In Vermont, there are fourteen 

known types of ticks, four of which carry disease. The most abundant is the blacklegged tick, 

or deer tick, which is responsible for over 99% of all tick-related diseases, including Lyme, 

babesiosis, and anaplasmosis (VT Agency of Agriculture, Food and Markets, 2021b; VT Dept. 

Health, 2018c). The spread of tick-borne diseases depends on three factors: how many ticks 

are in the area, how many ticks are infected, and how often people encounter those ticks (VT 

Dept. Health, 2018c).  
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Figure 8-21: Life cycle of ticks and tick-borne illnesses 

Note: Eggs are laid in the spring, larvae hatch in the summer, nymphs emerge the following spring and summer, and 
adults emerge in the fall and following spring (VT Agency of Agriculture, Food and Markets, 2021b). 

 
Lyme Disease 

The most common tick-borne disease in Vermont, Lyme disease is caused by the Borrelia 

burgdorferi bacterium, which is spread to humans through the bite of the blacklegged tick (VT 

Dept. Health, 2019c). First described in the 1970s, the number of cases of Lyme disease in the 

United States has more than doubled since 1997 and has significantly increased since 2005 

(see Figure 8-22) (Allen et al., 2019; Dumic & Severnini, 2018; Patz & Frumkin, 2016; VT Dept. 

Health, 2018c). In addition, there has been a shift in geography of Lyme disease northward, 

impacting states like Vermont at higher rates (Allen et al., 2019). In 2017, Vermont had the 

highest rates of Lyme in the country: 1,093 confirmed and probable cases, as compared to 138 

cases just a decade before in 2007 (VT Dept. Health, 2018c).  
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Figure 8-22: Number of reported cases of Lyme disease 2005–2018 (VT Dept. Health, 2018c) 

 
A study of ticks and tick-borne illnesses in Vermont in 2018 found that over half the female 

ticks collected and tested were positive for the Lyme disease bacterium (Figure 8-23). In 

addition, a study of the incidence of Lyme by country in the period 2005–2018 showed that 

Bennington, Windham, Rutland, and Windsor counties in southern Vermont had the highest 

incidences of Lyme in 2018 (Figure 8-24) (VT Dept. Health, 2018c). Cases have drastically 

increased since 2005. While the study indicates prevalence in southern counties, Lyme 

disease now has occurred in all counties in Vermont. 
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Figure 8-23: Percentage of female ticks testing positive for the Lyme disease pathogen B. burgdorferi in 
2018 (VT Dept. Health, 2018c)  
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Figure 8-24: Lyme disease incidence for the four counties with the highest incidence and statewide in 
Vermont (per 100,000 population) in 2005 and 2018 (VT Dept. Health, 2018c) 

Symptoms of Lyme disease often include fever, chills, muscle pain, joint pain, headache, 

fatigue, and the Erythema migrans skin rash (CDC, 2018). This rash often appears at the site of 

the tick bite and gradually expands, forming a bullseye appearance. If not treated, the infection 

can spread to joints, the heart, and the nervous system. Lyme can be diagnosed by a 

healthcare provider based on symptoms, physical examination, the possibility of exposure to 

infected ticks, and laboratory tests. If diagnosed in a timely manner, most cases of Lyme 

disease can be successfully treated with antibiotics (VT Dept. Health, 2019c). 

Anaplasmosis 

Like Lyme disease, anaplasmosis is transmitted by the blacklegged tick; it is the second most 

common tick-borne illness in Vermont (VT Dept. Health, 2018c). Anaplasmosis is caused by 

the bacterium, Anaplamsa phagocytophilium. Incidence of the illness has increased drastically 

since 2008: three cases were reported in 2008, almost 400 cases were reported in 2017, and 

244 cases reported in 2018 (Figure 8-25) (VT Dept. Health, 2019c). The illness has been 
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reported throughout Vermont, but in 2018 over 30% of cases occurred in Bennington County 

(Figure 8-26) (VT Dept. Health, 2018c). Anaplasmosis occurs more commonly in older 

Vermonters, and more often in males than in females (VT Dept. Health, 2018c). Everyone is at 

risk for contracting anaplasmosis, from spring to autumn. 

Symptoms of anaplasmosis include, fever, chills, headache, myalgia, nausea, vomiting, 

diarrhea, loss of appetite, cough, and, in rare cases, a rash (CDC, 2018). Anaplasmosis is 

generally treated by antibiotics.  

 

Figure 8-25: Reported cases of anaplasmosis 2008–2018 (VT Dept. Health, 2018c) 
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Figure 8-26: Anaplasmosis incidence by county in Vermont in 2018 (VT Dept. Health, 2018c)  

 
 
Babesiosis 

The third most common tick-borne illness in Vermont, babesiosis is caused by a microscopic 

parasite (Babesia microti) that is transmitted to humans by the blacklegged tick, the same tick 

that transmits Lyme disease and anaplasmosis (VTLyme.org, 2018). Babesiosis can also be 

transmitted, albeit less commonly, by blood transfusion or, even more rarely, from mother to 

unborn baby via congenital transmission (CDC, 2018). The disease, although less common 

than Lyme, has also drastically increased since 2005: only one case was reported in 2005, but 

twenty-one cases were reported in 2018 (Figure 8-27) (VT Dept. Health, 2018c).  

Unlike Lyme, in which boys aged 5-14 and older men have the highest reported cases, most 

reported cases of Babesiosis in Vermont have been adults aged fifty-five years and older (VT 

Dept. Health, 2018c). Like Lyme and anaplasmosis, however, the cases have mostly been in 

the state’s southernmost counties (Figure 8-28) (VT Dept. Health, 2018c).  
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Figure 8-27: Reported cases of babesiosis in Vermont 2005–2018 (VT Dept. Health, 2018c) 

 

 

Figure 8-28: Reported cases of babesiosis in Vermont by county in 2018 (VT Dept. Health, 2018c) 
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Many people who are infected with the babesiosis parasite do not experience symptoms. 

However, if symptoms do present, often they include chills, fever, headache, sweats, body 

aches, loss of appetite, nausea, fatigue, and occasionally a type of anemia that leads to 

jaundice (CDC, 2018; VTLyme.org, 2018). Symptoms will generally present one to four weeks 

after the tick bite. Blood tests can diagnose babesiosis. 

8.6.2 Mosquito-Borne Diseases 
Mosquito-borne diseases are increasing in Vermont. While many Vermonters are familiar with 

the annoying sound of mosquitoes buzzing in the ears during summer and the itchy welts the 

bites cause, the idea of mosquitoes carrying disease is uncommon (Figure 8-29). However, two 

mosquito-borne diseases exist in Vermont: West Nile Virus (WNV) and Eastern Equine 

Encephalitis (EEE). Mosquitoes are inactive around 50℉ (10°C) and lower, become lethargic 

around 60℉ (16°C), and become much more active around 80℉ (27°C). Further, the time of 

development from egg to adult drops sharply from about 60 days at 59℉ (15°C) to 12 days at 

68°F (20°C) and then declines further to about 6 days at 80–93℉ (27–34°C) (Rocklöv & 

Dubrow, 2020). With increasing temperatures, the transmission season in Vermont will 

lengthen, thus providing an environment for increased spread of WNV and EEE. These two 

illnesses are not prevalent in Vermont as of 2021. With climate change, Vermont is likely to see 

an increased risk of WNV and EEE as well as the potential of in-migration of mosquito species 

not previously in Vermont and with them the potential of different diseases (VT Dept. Health, 

2018f).  
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Figure 8-29: A mosquito feasts. (Image: https://www.cdc.gov/mosquitoes/index.html) 
 

The United Nations International Panel on Climate Change (IPCC) declared mosquito-borne 

illnesses the most susceptible to climate change (K.R. Smith et al., 2014). Because 

mosquitoes are cold-blooded, they are largely sensitive to climate fluctuations (Ludwig et al., 

2019; Patz, 2003). In addition, changes to climate impact mosquitoes’ biting rates, survival, 

development, distribution, and range (Patz, 2003). Key climate changes that affect mosquitoes 

are increases in temperature and precipitation—both of which are expected to occur in 

Vermont (Ludwig et al., 2019). Especially significant are changes to precipitation: increased 

precipitation is linked to increased mosquito prevalence to a point, and then excess 

precipitation washes away larvae and eggs, while lack of precipitation creates stagnant pools 

where mosquitoes lay their eggs and live during early stages of development (Ludwig et al., 

2019). Similarly complex, increases in temperature tend to decrease mosquito longevity but 

increase viral transmission rate, especially for EEE (Githeko et al., 2000). 

West Nile Virus 

WNV is an arbovirus that is rare in Vermont, with three reported cases or fewer per year from 

1999–2019 (CDC, 2020a). With the first appearance of WNV in the United States in 1999 in 

New York City, the disease spread to other states, and even across the country by 2003 (Paz, 
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2015). Due to the dependence of the transmission cycle on climate conditions, changes in 

precipitation and increased temperatures in Vermont will encourage an increase in 

mosquitoes that carry WNV (Paz, 2015). Increased temperatures correlate with increased WNV 

replication rates, growth rate of vectors, viral transmission rate to birds, lower incubation time, 

and less amount of time between blood meals for mosquitoes (Paz, 2015). Increased 

precipitation has been found to lead to increased abundance of mosquitoes with WNV in the 

eastern US, and increased potential for disease outbreak in humans (Paz, 2015).  

In Vermont, the Vector Surveillance Program monitors mosquito populations throughout the 

state and tests mosquitoes for WNV and EEE (Figure 8-30). In 2020, there were zero cases of 

WNV-infected mosquitoes (VT Agency of Agriculture, Food and Markets, 2020). However, in 

2019, five mosquitoes had WNV (0.16% of total mosquitoes collected); in 2018, 157 mosquito 

pool samples were positive for WNV out of 2,997 pools (0.05%); and in 2017, 89 mosquito 

pools were positive for WNV out of 4,306 pools (0.02%) (VT Agency of Agriculture, Food and 

Markets, 2017, 2018, 2019a). These percentages are quite low, but with the changes expected 

in Vermont’s climate, it is important to keep an eye on the changes in the amount of WNV, too. 

Since WNV has been found in 65 different mosquito species, the opportunity for geographical 

expansion, as well as increased rates in areas where it is already endemic such as in Vermont, 

is high. Not all mosquitoes have the same role in transmitting the virus: some species may 

contribute to early season amplification or serve as accessory bridge vectors in certain 

regions (Kilpatrick et al., 2005).   
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Figure 8-30: West Nile Virus history in Vermont 2009–2019, showing its cyclical nature (Fastie, 2019).  

Symptoms of WNV include fever, headache, body aches, rash, and swollen lymph glands (VT 

Dept. Health, 2019d). Unfortunately, the virus has no cure, but symptoms can be treated. The 

disease is transmitted most frequently and commonly by mosquito bites (CDC, 2020a). 

However, it can also spread by blood transfusion and from mother to baby during delivery or 

via breastfeeding (CDC, 2020a). The occurrence of the disease is believed to be cyclical in 

nature, with low number years followed by two to four years of increased cases (Figure 8-30) 

(Fastie, 2019).  

Eastern Equine Encephalitis 

EEE is a rare neurological disease caused by a virus carried and transmitted by mosquitoes 

(CDC, 2020a). The incidence is rare in the United States, with nine confirmed cases in the 

country as of October 2020 (CDC, 2020c). The first outbreak of EEE in Vermont occurred on an 

emu farm in Rutland County in 2011 (Figure 8-31), although the virus had been detected in 

white-tailed deer and moose in 2010 (Saxton-Shaw et al., 2015; VT Agency of Agriculture, Food 

and Markets, 2019b). One year after the emu outbreak, the first human cases of EEE in 

Vermont were reported in Rutland County, with two individuals having been infected (Saxton-

Shaw et al., 2015). Positive samples of EEE in mosquitoes occurred in 2011, 2012, 2013, 2014, 
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and 2015, but no more human cases in Vermont have been reported since 2012 (VT Agency of 

Agriculture, Food and Markets, 2019b).  

 

Figure 8-31: Emu. The first outbreak of EEE was found on an emu farm in Rutland County, Vermont (VT 
Agency of Agriculture, Food and Markets, 2013) 

Like WNV, EEE is transmitted by mosquitoes, which are very susceptible to changes in climatic 

conditions. Mosquitoes testing positive for EEE have been found mostly in pools located in 

acidic, hardwood swamps in Rutland and Addison counties; thus, they have been designated 

areas for future risk of EEE virus (VT Agency of Agriculture, Food and Markets, 2019b). 

Because of EEE infections in horses in Franklin County in 2013 and positive mosquito pools in 

2014 and 2015, Franklin County is also being monitored for future risk (Figure 8-32) (VT 

Agency of Agriculture, Food and Markets, 2019b). Vermont itself has not yet been hit hard by 

EEE, but Massachusetts has reported the most cases of EEE in the Northeast (CDC, 2020c).  
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Figure 8-32: Risk areas for Eastern Equine Encephalitis (VT Dept. Health, 2019a) 

The symptoms of EEE often occur 4–10 days after the initial infection and can include fever, 

chills, myalgia, arthralgia, and malaise (CDC, 2021c; VT Agency of Agriculture, Food and 

Markets, 2019b). More serious, neurological infection symptoms include nausea, vomiting, 

headaches, fever, seizures, diarrhea, drowsiness, behavioral changes, and coma (CDC, 2021c; 

VT Agency of Agriculture, Food and Markets, 2019b). This more serious version of the disease 

can have long-lasting neurological effects. There is no specific treatment for EEE in humans; 

current treatment focuses on reducing symptoms and fever. In addition, approximately one-

third of all people infected with EEE die from the disease (CDC, 2021c; VT Agency of 
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Agriculture, Food and Markets, 2019b). People who engage in outdoor work and recreational 

activities in endemic areas are most vulnerable to contracting EEE. The individuals most 

vulnerable to developing EEE are individuals under the age of 15 and over the age of 50 (VT 

Dept. Health, 2019a). 

 

 

 

 

 

 

 

 

8.6.3 Impact of Vector-Borne Diseases on Health 
Increases in vector-borne illnesses in Vermont will burden the individuals affected and the 

health care system. As there has been an increase in emergency room visits from heat-related 

health issues, the increased incidence of vector-borne illnesses will likely put more strain on 

Vermont’s health-care system.  

8.6.4 What You Can Do 
This section explains how and what can be and is being done to address the changes in vector 

ecology in Vermont.  

 

Box 8.5: Eastern Equine Encephalitis (EEE) 
In 2019, there were twenty cases and nine deaths of EEE in Massachusetts, 

Connecticut, and Rhode Island (Fastie, 2019). Despite this spike in cases in 

neighboring states, Vermont did not have a single case, nor were any positive 

mosquitoes identified in any of the 3,217 sites tested in the state. New Hampshire 

and New York also did not have any human cases, but EEE-positive mosquitoes 

were identified in both states (Fastie, 2019). While, like WNV, EEE is thought to be 

cyclical, it is unclear why Vermont avoided both human EEE cases and lack of EEE-

positive mosquitoes.  
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Ticks 

The best way to prevent tick-borne diseases is to prevent tick bites. If you find a tick on your 

body, remove it quickly to reduce the risk of contracting Lyme disease. See a health care 

provider if you get sick or if you find a tick on you and are concerned about contracting Lyme. 

Lyme disease is treatable if caught early. Early diagnosis and treatment are important to avoid 

health problems related to Lyme disease (VT Dept. Health, 2019c).  

Mosquitoes 

The best way to prevent mosquito-borne illnesses is to prevent mosquito bites. Wearing long-

sleeved garments and high socks and using sprays help prevent mosquito bites. In addition, 

avoid going outside during times when mosquitoes are most active: at dawn and dusk. 

Surveillance efforts in Vermont are informative about the prevalence of mosquitoes carrying 

diseases. The Vermont Department of Agriculture, Food, and Markets teamed up with other 

agencies in Vermont and tests thousands of mosquitoes every summer to understand trends 

of mosquito-borne illness prevalence in the state. The reports for each year since 2003 can be 

found on their website (https://agriculture.vermont.gov/public-health-agricultural-resource-

management-division/plant-health-and-pest-management-2 ) (VT Agency of Agriculture, Food 

and Markets, 2021a).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Box 8.6: One Health 
The One Health concept recognizes that the health of humans is connected to the 

health of animals and the environment. One Health has been used worldwide to 

address spillover of zoonotic diseases to humans, antibiotic-resistant bacteria, and 

more. The CDC uses a One Health approach by working with physicians, ecologists, 

veterinarians, and others to monitor and control public health threats and learn how 

diseases spread across animal, plant, vector, and human spheres (CDC, 2020b). 

State vector-borne disease prevention is an excellent opportunity to put a One Health 

approach into action. Vermont’s Department of Health and Agency of Agriculture are 
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8.7 Water and Food 

With contributions from Michael Mezzacapo 

In this section, the general trends in changes to water and food in Vermont, how that impacts 

human health, and what can be done to protect water and food in the context of climate 

change is discussed.  

8.7.1 Changes to Water and Food 
Measurable impacts from climate change already are altering the amount, timing, and quality 

of available water across the globe (Union of Concerned Scientists, 2010). Climate change and 

impacts to vital resources such as water are likely to negatively affect the four dimensions of 

food security—availability, access, utilization, and stability—and likely have a profound impact 

on human health (IPCC, 2019). Clean, adequate water access and healthy food supplies are 

essential to our well-being. Many view Vermont as a place with green pastures dotted with 

small farms nestled in rolling mountains and forest land for tree production and recreation 

(Figure 8-33). Working landscapes, including healthy farms and healthy forests, require proper 

stewardship and will need to be resilient in the face of a changing climate. Climate change will 

already involved with veterinarians, physicians, and ecologists to monitor and control 

Lyme, WNV, and EEE. This collaboration could be strengthened by including these 

actors when updating the next version of the Vermont Arbovirus Surveillance and 

Response Plan. Specifically, coordination with Department of Conservation ecological 

restoration projects could reduce mosquito habitat by accounting for farmers’ roles in 

reducing habitat and early detection of diseases and could increase accounting for 

climate change effects in future planning. 
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increase the negative impacts to both those that rely on natural resources for income and all 

citizens who choose to make Vermont their home.  

Proper water supplies are needed to grow crops for animal production and feed growing 

human populations. Clean, sustainable water sources are not only needed for drinking, but 

also for irrigation and food preparation. Though Vermont exists in a humid climate, there are 

already impacts being felt from a changing climate. In 2018, during a severe drought around 

Franklin County, farmers had to haul water for livestock. USDA Environmental Quality 

Initiatives Program funding was made available for farmers to install new pipes and wells 

(Gribkoff, 2018). Though Vermont is getting wetter, climate change impacts the variability of 

dry and wet cycles.  

 

Figure 8-33: The Winooski River in Montpelier, Vermont (Photo: Britannica, 2011) 

Increased and sprawling residential and commercial development can place extreme 

pressures on wildlife, livestock, and crop production. More individual homes add to the number 
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of onsite wastewater systems, which produce more nutrients and more chances to 

contaminate nearby water sources. Human health depends on a healthy environment. The 

state of Vermont is poised to face many challenges, as discussed in this Vermont Climate 

Assessment; however, basic survival and stability is predicated by access to clean water and 

the availability of healthy food. This section will briefly discuss how climate change can 

impact elements of water supplies, food production, and human health. 

8.7.2 Water 
Water distribution/quality  

Climate change will continue to impact how precipitation is distributed around the state, 

though Vermont is getting wetter overall (see Climate Change in Vermont chapter). Extreme 

rainfall runoff causes soil erosion and flooding incidents, which impact water quality and can 

damage crops (USGS, 2021). Equally problematic are periods of extended drought, resulting in 

drinking water shortages and impacts to overall water quality in drinking and recreational 

waters (VT Dept. Health, 2017a). Drought periods followed by heavy rains can worsen pollution 

impacts because the soil is less absorbent, causing the rain to flow more easily off the surface 

(VT Dept. Health, 2017a). Stormwater runoff carries pollution such as fertilizers, toxins, 

sediment, animal wastes, wastewater, and other nutrient-rich materials quickly into rivers and 

lakes (VT DEC, 2018, 2021e). Human health is then compromised when these waters are used 

for recreation, drinking water, or irrigation of food crops.  

Approximately 30% of the population in Vermont relies on a private drinking water source (VT 

Dept. Health, 2018b). These sources are not required to be tested regularly for contaminants, 

like nitrates. Both public and private drinking water wells can be subject to contamination from 

stormwater runoff (classified as nonpoint source pollution) (US EPA, 2015b). There is concern 

that excessive stormwater runoff from farms may be impacting nearby private drinking water 

wells. From 2007 to 2017, the Department of Agriculture tested 1,068 wells and found 63 

private drinking water wells on or near farms that exceeded the state and federal drinking 

water standards for nitrate pollution, and 146 wells were at or over preventative action levels 

(Corwin, 2017).  
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Water-borne diseases/toxins 

Many areas in Vermont have aging wastewater infrastructure and limited capital to invest in 

mitigation technologies, such as separated sewers, that can combat climate change impacts 

to these systems. Outdated wastewater systems can release sewage and stormwater into the 

environment after extreme rainfall events. Many drinking water sources in Vermont rely on 

surface water with these outfalls. The USGS estimates that in 2005, 440 million gallons of 

water were withdrawn every day in Vermont. Most withdrawals (88%) were from surface water 

sources, while the remaining (12%) were from groundwater sources (Medalie & Horn, 2010). As 

temperatures in Vermont increase, so will water temperatures. Warmer water temperatures will 

provide more favorable conditions for reproduction of waterborne pathogens and toxins (VT 

Dept. Health, 2017a). Several examples of impacts to human health are listed below. 

E. coli is a specific type of bacteria that comes from fecal waste, including waste from 

humans, pets, livestock, birds, and wildlife (Lake Champlain Basin Program, 2021). Most types 

of E. coli are harmless, but certain strains can cause severe illness in humans, including 

diarrhea, stomach pain, nausea, and vomiting (Mayo Clinic, 2020). Exposure pathways include 

eating contaminated food, drinking untreated water, swimming near contaminated beaches, 

and contact with cattle or the feces of infected individuals (NY Dept. of Health, 2017). Because 

E. coli is ubiquitous in the environment, it can be difficult to understand future risks from E. 

coli. Recent research at the University of Guelph, Ontario, Canada concluded that climate 

change may trigger changes in bacteria to enable certain strains of E.coli to survive better in 

warmer soil and water conditions (van Elsas et al., 2011). As the climate warms in Vermont, 

environmental conditions could become more favorable for certain strains of E. coli to produce 

toxins and spread more easily, causing gastrointestinal illness and, in severe cases, death. In 

Vermont, E. coli presence in recreational water, such as Lake Champlain, is a common cause 

of beach closures. Closures typically occur after rainstorms flush sediment, bacteria, and 

pollutants into the lake (Figure 8-34) (Lake Champlain Basin Program, 2021). According to the 

Lake Champlain Basin Program, dog droppings are one of the leading causes of E. coli 

pollution. They offer suggestions on cleanup and how to keep dog feces from polluting the 

lake, including owners just picking it up where and when it happens. 
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Figure 8-34: Percent of samples with E. coli detected in drinking water or E. coli above 235cfu/100 ml in 
recreational water following precipitation 

Note: Few samples were available for public drinking water and recreational water for precipitation over 1 inch. These 
samples were combined with those from the 0.5–1-inch category (Vermont Department of Health, 2017) 
 

Legionnaires’ Disease: Legionella is a waterborne bacterium that can cause Legionnaires' 

Disease. Those infected may develop pneumonia or Pontiac fever (VT Dept. Health, 2020). 

Legionella grows best in temperatures between 77°F–108°F (25°C–42°C) in stagnant water 

(CDC, 2021a). Legionnaires’ Disease spreads through aerosolization or aspiration of 

contaminated water in human-made building water systems (CDC, 2021a). Past outbreaks of 

Legionnaires' disease were reported in Vermont in 1977 and 1980, and research shows that 

risk of developing Legionella increases when weather is warm and humid (Simmering et al., 

2017). Vulnerable populations include those over fifty years old, which comprises about one-

sixth of Vermont’s population.  

Cyanobacteria blooms, also called algal blooms, are now a common sight on bodies of water in 

Vermont. Lake Champlain regularly experiences algal blooms, which often lead to beach 

closures and warnings about water quality. Cyanobacteria blooms occur when there are high 

levels of phosphorus and nitrogen in the water (VT Dept. Health, 2018e) This phosphorus and 

nitrogen tend to be higher after storms and heavy precipitation, when runoff from agricultural 

lands and other sources flows into the lake and deposits fertilizer. While most cyanobacteria 
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are not harmful to human health, some carry toxins that can cause diarrhea, vomiting, rashes, 

sore throats, and runny noses. In addition, studies done on the particular toxins produced by 

cyanobacteria, called β-Methylamino-L-alanine (BMAAs), have shown a correlation between 

exposure to BMAA and neurodegenerative illnesses (Cox et al., 2018). The annual reports on 

cyanobacteria blooms make it challenging to assert whether these blooms are occurring more 

often (Figure 8-35) (Shambaugh, 2020). However, cyanobacteria are known to prefer warmer 

water temperatures, calm water, and nutrients like phosphorus and nitrogen (Lake Champlain 

Basin Program, 2018). Therefore, with warming temperatures in Vermont, and if nutrient runoff 

from farms and other sites continues, there could be an increase in blooms.  

 
Figure 8-35: Cyanobacteria severity 2013–2018 in four areas of Lake Champlain that have strong long-
term datasets (Shambaugh, 2020). The graphs are labeled “draft” because the cyanobacteria severity 
index is still in development. 
 
 
Mercury is a potent neurotoxin and dangerous to human and ecosystem health (Tang et al., 

2020). There are several types of mercury. However, elemental mercury can be converted to 

methylmercury in the methylation process through microbial activity in aquatic environments 
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and easily be ingested and stored by aquatic plants, fish, and wildlife. Higher water 

temperatures from climate change can allow for more mercury methylation, which increases 

the amount of mercury in fish and animals that consume the fish, including humans (Stager & 

Thill, 2010). Fishing is widely practiced in the state. According to a 2020 Department of Fish 

and Wildlife annual angler survey, about 72,000 resident anglers fished for almost 1.8 million 

days. Fish are a healthy source of protein and Omega-3 fatty acids (American Heart 

Association, 2017). Increases in mercury levels may trigger more fish consumption advisories 

across the state and impact the health of vulnerable populations, including pregnant or 

nursing women and children. Many factors can impact mercury levels in the environment, 

including changes to fish communities and extreme climatic events. Further study is needed 

to identify future scenarios to better protect human health (Swinton & Nierzwicki-Bauer, 2020). 

More studies in Vermont are needed to evaluate wild fish consumption patterns among 

Indigenous communities, such as the Abenaki who have a long-standing tradition of hunting 

and fishing in Vermont, and recreational anglers to better evaluate total fish intake and human 

health risks from mercury. 

 

 

 

 

 

 

 

 

 

Box 8.7: Mercury in Lake Champlain Fish 
Recent research discovered mercury levels in Lake Champlain fish increased in the 

period 2011–2017, whereas levels previously had been steadily decreasing (Swinton 

& Nierzwicki-Bauer, 2020). Several reasons cause the increase in mercury, including 

“atmospheric deposition, lake temperature, chlorophyll-a, fishery dynamics, lake 

flooding and loading of total suspended solids” (Swinton & Nierzwicki-Bauer, 2020). 

Because of the toxicity of mercury and previous problems with pollution from 

atmospheric sources, the State of Vermont has monitored levels of mercury in fish 

tissue since 1987 and detected measurable concentrations in 95% of the samples 

collected from both lakes and rivers (VT DEC, 2021c, 2021d).  
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8.7.3 Food 
Food production/security  

A warmer climate can have variable impacts on crop production. According to the World Bank, 

a 3.6°F (2°C) increase in temperature puts around 100–400 million people at risk of hunger 

worldwide (Clayton et al., 2017; Friel & Marmot, 2011; McMichael, 2013). Equally important is 

the amount of land available for agriculture. Recently, Vermont has seen a decrease in 

available farmland. According to a 2018 report by the University of Vermont Extension and the 

Vermont Housing & Conservation Board, Vermont lost the equivalent of three Camel’s Hump 

State Parks, roughly 64,000 acres total, in agricultural land between 1997 and 2012 (U. 

Vermont Extension & VT Housing & Conservation Board, 2018).  

Aside from having favorable climatic conditions and available land to produce food, food 

production methods are important to food security and human health. Highly industrialized 

methods have cumulative effects on the environment, including contributing to climate 

change (Flesher, 2020). Future changes in Vermont’s climate, such as warming temperatures 

or increased precipitation, along with production practices like wide-scale chemical fertilizer or 

pesticide applications may increase human exposure and cause diseases such as non-

Hodgkin lymphoma and leukemias (Bassil et al., 2007). Farmers may use more pesticides to 

control agricultural nuisances because warmer temperatures can cause insect metabolism to 

rise and weeds to outcompete food crops (Deutsch et al., 2018). These chemicals often make 

it into the environment or our food supplies. One such pesticide widely used in Vermont is 

atrazine. Atrazine is a “restricted-use” pesticide used to control grassy weeds (Agency for 

Toxic Substances and Disease Registry, 2003). Because of its classification, it must be applied 

by licensed applicators and has restrictions on how close it can be applied near bodies of 

water. Studies have indicated that atrazine is a known endocrine-disruptor and can impact 

reproductive health (Sass & Colangelo, 2006). Atrazine is also highly mobile in the environment 

and can easily enter water, where it takes a long time to break down (Donley, 2019). 
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Climate change impacts can also disrupt food access by reducing production. Research 

shows that cold-weather crop production may be the most at risk from rising temperatures 

(US Global Change Research Program, 2010). Items such as field corn, wheat, and oats don’t 

produce well when summer temperatures increase. This is even though the growing season 

may be six to eight weeks longer in 2067 (Ready-Campbell, 2017). Even warm weather crops 

like tomatoes and peppers can be severely impacted if temperatures exceed 90°F during 

certain parts of their life cycle (Dunnington, 2010; Frumhoff et al., 2008). Food insecurity has 

many negative associations with human health, including increased risks of some birth 

defects, anemia, lower nutrient intakes, cognitive problems, aggression, and anxiety 

(Gundersen & Ziliak, 2015).  

The amount of food grown in Vermont may be reduced by climate change. For example, higher 

temperatures create small reductions in milk production in cows (Pragna et al., 2016). Even if 

citizens have adequate access to food, research has shown that nutritional values of the food 

can be impacted by rising CO2 and temperatures (Myers et al., 2014; M. R. Smith & Myers, 

2018). For instance, higher CO2 concentrations lower the levels of protein and essential 

minerals of staple crops such as wheat, rice, and potatoes (Ziska et al., 2016). With lower 

Box 8.8: Food Insecurity 
In 2020, researchers at the University of Vermont conducted surveys to assess food 

insecurity. The results surprised researchers. Insecurity rose from 18.3% to 24.3% 

during the COVID-19 pandemic, or to nearly one in four Vermonters (Niles et al., 2021). 

This is nearly triple the levels of 2018. Respondents adopted coping strategies to 

address food access challenges, including buying foods that had a longer shelf life 

(77%), cheaper foods (66%), and even eating less (66%) (Niles et al., 2021). Food 

insecurity is compounded by other factors, including economic impacts or disease 

outbreaks, as witnessed in 2020-2021. 
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levels of nutrients, people may be unable to meet their required intake of healthy food, and 

those who are already food insecure may be hit hardest. Lack of proper nutrition leads to many 

health issues, including diabetes, scurvy, anemia, general malnutrition, and developmental 

problems in children.  

Food-borne Illness 

Increased air temperatures provide more opportunity for dangerous pathogens to spread on 

crops and in food production. Additionally, warmer temperatures experienced in winter may 

also reduce the typical winter kill of pathogens (VT Dept. Health, 2017a).  

8.7.4 Impact on health 
As mentioned above, many other water quality-related health issues can arise including 

diarrhea, vomiting, liver damage, nerve damage, etc., depending on the issues in water. One 

example discussed in depth in this chapter is mercury. Mercury is a potent neurotoxin that can 

easily cross the blood-brain and placental barriers (VT DEC, 2021c). Impacts from mercury 

exposure include damage to the brain and kidneys, and impacts can be especially problematic 

in the fetus, children, and pregnant and nursing mothers (US EPA, 2015a). Mercury exposure 

can display severe, subtle, or no symptoms, depending on the form, amount, and length of 

exposure to the mercury consumed, and the current health of the individual (US EPA, 2015a). 

Exposed children may display differences in cognitive abilities, attention, language, fine motor 

skills, and visual spatial skills (US EPA, 2015a). Methylmercury poisoning (the most common 

type from consumption of fish) symptoms in adults may include (US EPA, 2015a): 

1. Loss of peripheral vision. 

2. "Pins and needles" feelings, usually in the hands, feet, and around the mouth. 

3. Lack of coordination of movements.  

4. Impairment of speech, hearing, walking; and/or 

5. Muscle weakness. 

Other food- and waterborne illnesses in Vermont include salmonella, campylobacteriosis, 

cryptosporidiosis, hepatitis A, shigellosis, and norovirus. A full description of all these illnesses 
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can be found on the Vermont Department of Health’s Climate Change and Food and 

Waterborne Illnesses page (https://www.healthvermont.gov/health-environment/climate-

health/water-foodborne-diseases) (VT Dept. Health, 2016d).  

8.7.5 What You Can Do 
The Lake Champlain Committee (LCC) involves citizen scientists to monitor and report 

cyanobacteria blooms. This information is then used to update weekly the Cyanobacteria 

Tracker Map, which is managed by the Vermont Departments of Health and of Environmental 

Conservation (VT DEC, 2021f). Volunteering with the LCC can increase your awareness of the 

activities being done to monitor water quality, fix lakeside infrastructure, and generally clean 

up Lake Champlain.  

Keeping current on beach closings or water advisories can help prevent exposure to toxins and 

bacteria when levels are unsafe. In addition, anglers who enjoy eating the caught fish should 

follow the Vermont Department of Conservation’s advice on mercury levels in fish, which can 

be helpful in determining your potential exposure to mercury (Figure 8-36).  
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Figure 8-36: The levels of mercury found in various fish species in endemic fish in Vermont and store-
bought fish (VT DEC, 2014) 

Supporting local farms that practice regenerative or conservation tillage agriculture or that are 

transitioning to those agricultural practices can help to reduce the amount of fertilizer and 

runoff from those farms into water bodies. Following guidelines from the Vermont Low Impact 

Development Guide can help reduce the water quality impacts of new construction (VT DEC, 

2010).  
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8.8 mental health 

“Climate change is a human-caused problem, which is more difficult to cope with [mentally] 

than disasters that are beyond human control,” says Thomas Doherty, PsyD, in a 

comprehensive report by the American Psychological Association, Climate for Health, and 

ecoAmerica on the impacts of climate change on mental health (Clayton et al., 2017). This 

report was written because most of the literature on climate change and health addresses the 

physical health impacts primarily and mental health impacts secondarily (Clayton et al., 2017). 

However, more and more there are clear links between changes to the climate and 

environment and mental health. This section outlines changes being observed in mental 

health, including climate-induced anxiety and suggests some ways to address these issues. 

8.8.1 Changes in mental health  
Well-being is intricately linked to the environment. Climate change has brought changes to 

mental well-being, both directly (e.g., through natural disasters like floods and storms) and 

indirectly (e.g., weakened and unstable infrastructure, rising sea levels, and forced migration) 

(Berry et al., 2010; Clayton et al., 2017; Schlanger, 2017). Impacts include increased anxiety, 

depression, shock, post-traumatic stress disorder (PTSD), compounded or chronic stress, and 

substance abuse (Figure 8-37). Other changes to mental health and behavior related to climate 

change include increased aggression and violence, increased senses of fatalism and 

hopelessness, and more mental health emergencies (Clayton et al., 2017; Schlanger, 2017). 

Luckily, the dialogue around climate change’s impact on mental health has become more 

common in the past few years, which has led to new terms such as “eco-anxiety” to describe 

the fear, existential angst, and emotions surrounding climate change (Schlanger, 2017).  
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Figure 8-37: Interconnectedness of climatic changes on physical, mental, and community health, and 
vulnerabilities that can lead to the health issues (Clayton et al., 2017) 

It can be difficult to grasp the connection between climate and health. Measures like 

maintaining a psychological distance, creating a political divide, and denial of the problem 

influence the way that people are able or unable to comprehend climate change. However, 

connecting climate change and personal health often increases the chances that individuals 

will take part in or support climate solutions, which, in turn, promotes psychological health 

(Figure 8-38) (Clayton et al., 2017). This is a center point of ecopsychology, a relatively new 

field that explores relationships between physical and mental health and the health of the 

environment. There are more and more studies that promote the interaction of people with 

their environment for physical and cognitive well-being (Robbins, 2020). Engaging with nature 

is “an antidote to stress: It can lower blood pressure and stress hormone levels, reduce 

nervous system arousal, enhance immune system function, increase self-esteem, reduce 

anxiety, and improve mood” (Robbins, 2020). Several organizations in Vermont use this idea of 

engaging with nature to promote healing and mental health through wilderness therapy, which 

is using extended time in nature combined with clinical therapeutics to promote well-being.  
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Figure 8-38: Barriers and solutions to comprehending climate change (Clayton et al., 2017) 
 
Other, larger-scale changes can disrupt mental health, such as changes to businesses and 

hobbies due to storms and other disasters (VT Dept. Health, 2018a). Says Linda Silka, PhD, 

“New England is an example of vital infrastructure that is at risk from rising sea levels and of 

opportunities for psychologists to work with professionals in various fields to prepare for the 

effects” (Clayton et al., 2017). While Dr. Silka is speaking specifically of sea level rise, the 

sentiment of her statement can be applied to any impending disasters or climatic changes. 

Financial stress and changes to ways of life can be distressing and difficult to cope with, and 

we are likely to see these kinds of stresses arise with impending changes to Vermont’s 

climate. For instance, the ski industry provides economic benefit and a way of life for many 

Vermonters and other folks from out of state (see Recreation and Tourism chapter). With 

increasing winter temperatures, changes to snowpack could change the status quo for this 

industry and for those who derive enjoyment from it and could thus lead to increased personal 

and financial stress and anxiety.  

With changes to vector ecology, air quality, and temperatures also come changes to physical 

health. Those affected by health issues like Lyme disease and asthma also tend to have 

increased burdens of depression or anxiety related to their condition (Asthma UK, 2020; 

Garakani & Mitton, 2015). With potential increases in both Lyme disease and asthma in 

Vermont, there may well also be a spike in mental health issues.  
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Economically disadvantaged populations, those living with chronic diseases or pre-existing 

disabilities, and those living in unequal socioeconomic, geographic, and demographic 

locations tend to be particularly vulnerable to mental health issues (Clayton et al., 2017). Areas 

of increased vulnerability can be seen in the Vermont Department of Health’s Social 

Vulnerability Index map (Figure 8-39). It would be beneficial to update the data to see if/how 

the social vulnerability index has changed since 2015, but this tool is useful to predict 

potential areas where mental health resilience may be lower. Because lower socioeconomic 

status often positively correlates with increased mental health issues, understanding what 

parts of Vermont are particularly vulnerable in terms of economics, demographics, and more, 

can indicate where there might be more issues with mental health, and thus where the state 

can allocate its resources (Hudson, 2005; Reiss et al., 2019).  

Box 8.9: Mental Health Access for Kids  
The COVID-19 pandemic has thrown into relief the need for increased mental health 

infrastructure and access for children under the age of eighteen. Generally, there is an 

increase in demand for mental health care during the spring semester of the school 

year, and with social isolation and “skyrocketing anxiety” from the pandemic, demand 

for mental health care has grown even more. A decrease in available inpatient beds 

during the pandemic led to individuals waiting in emergency departments for hours. 

There is a seven-month waitlist to see a child psychiatrist at the University of Vermont 

Medical Center. If nothing else, the pandemic—like Tropical Storm Irene—has 

highlighted the need for improved mental health infrastructure and care, especially for 

children.  

An experimental model called Pediatric Urgent Care for Kids has reduced the amount of 

youth ED visits by 33%. Launched in 2018 by United Counseling Service and 

Southwestern Medical Center in Bennington, this could be a model for the rest of the 

state to follow (Jickling, 2021). 
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Figure 8-39: Social vulnerability index map of Vermont (VT Dept. Health, 2015) 

Notes: Based on 2011–2015 data. The social vulnerability index has “16 different measures of vulnerability in three 
different themes: socioeconomic vulnerability, demographic vulnerability, and housing/transportation vulnerability. For 
each measure, [...] the most vulnerable 10% are assigned a flag. The overall vulnerability index is created by counting 
the total number of flags in each census tract” (VT Dept. Health, 2015).  
 

As mentioned previously, Vermonters experienced long-term mental health impacts from 

Tropical Storm Irene. The storm necessitated the formation of short-term crisis intervention 

teams and a restructuring of the state’s mental health treatment facilities. A study conducted 

in Rochester, Vermont in 2014 found that 42% of the participants who reported negative 

emotions immediately after the storm also reported lasting negative emotions three years 

after the storm (Buschman et al., 2014). The individuals in the study that mentioned 

community involvement as part of their response and recovery from Irene tended to have a 
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more positive emotional response and recovery to the storm (Buschman et al., 2014). This 

finding is a testament to the importance of community in mental health and resilience.  

8.8.2 What You Can Do 
Certain actions can improve mental well-being in the face of climate change. The previously 

mentioned comprehensive report on climate change and mental health makes several 

recommendations for individuals, communities, and mental health practitioners. 

Individuals 

Caring for the health of communities often starts with taking care of personal mental health 

and well-being: the overall well-being and resilience of communities depend on “the individuals 

within the community and how they react both as individuals and as a collective” (Clement, 

2020). Four practical steps to improve individual resilience and mental health from the 

previously mentioned APA report include:  

“1) Make and practice household emergency plans.  

2) Participate in mindset training to prepare for adversity and adaptation through increased 

awareness of our emotions.  

3) Care for oneself through healthy habits.  

4) Connect with family, friends, neighbors, and other groups to build strong social networks” 

(Clayton et al., 2017).  

Communities 

Communities and community health play a vital role in promoting the mental health of the 

individuals within the community. Five ways communities can foster a positive environment 

for well-being are: 

“1) Assess and expand community mental health infrastructure.  

2) Reduce disparities and pay attention to populations of concern.  

3) Engage and train community members on how to respond.  
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4) Ensure distribution of resources and augment with external supplies.  

5) Have clear and frequent climate–mental health communication” (Clayton et al., 2017). 

Communities can also promote the use of public transport, which “invigorates community 

mental health” and increases community cohesion, promotes neighborhood walkability, and 

reduces depression and stress symptoms (Clayton et al., 2017). Promoting physical 

commuting (i.e., walking and biking) also decreases stress and depression symptoms (Clayton 

et al., 2017). In addition, the intentional use of green spaces promotes mental well-being, and 

clean energy can reduce health burdens by reducing the amount of particle pollution in the air 

(Clayton et al., 2017). By encouraging and implementing these strategies, communities can 

foster an environment to promote positive mental health and well-being.  

Mental Health Professionals and Practitioners 

The aforementioned report discusses ways for professional or mental health practitioners to 

support both communities and individuals. For communities, mental health professionals can: 

“1) Become a mental health-related climate-literate professional. 

2) Engage fellow public and mental health professionals.  

3) Be vocal, model leaders within your communities.  

4) Support national and international climate–mental health solutions” (Clayton et al., 2017). 

Similarly, professionals can also help individuals to: 

“1) Build belief in one’s own resilience.  

2) Foster optimism.  

3) Cultivate active coping and self-regulation skills.  

4) Maintain practices that help to provide a sense of meaning.  

5) Promote connectedness to family, place, culture, and community” (Clayton et al., 2017) 

There are many ways to foster a positive environment for promoting well-being and good 

mental health. While many of the above-mentioned recommendations are specific to climate-

related mental health, they may also contribute to creating an inclusive and resilient 
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community made up of engaged and resilient individuals. By working off this as a baseline, 

there is an increased ability for individuals and communities to have the tools and abilities to 

cope with climate change.  

8.9 traceable accounts 

Traceable accounts describe the confidence level—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 Fourth National Climate Assessment 

(USGCRP, 2018). 

Confidence 
level 

Very high High Medium Low 

Description Strong evidence 
(established theory, 
multiple sources, 
confident results, 
well-documented 
and accepted 
methods, etc.), high 
consensus 

Moderate evidence 
(several courses, 
some consistency, 
methods vary, and/or 
documentation 
limited, etc.), medium 
consensus 

Suggestive 
evidence (a few 
sources, limited 
consistency, 
models incomplete, 
methods emerging, 
etc.), competing 
schools of thought 

Inconclusive evidence 
(limited sources, 
extrapolations, 
inconsistent findings, 
poor documentation 
and/or methods not 
tested, etc.), 
disagreement or lack of 
opinions among experts 

 
 

Key message 1: Climate change affects human health by exacerbating existing health problems and amplifying 
conditions for new health problems. 

Confidence level Very high 

Description High consensus; multiple evidence bases; lots of documentation 

References VCA, 2014; IPCC, 2021; National Climate Assessment, 2018 

 
 

Key message 2: Individuals who are children, over 65 years, of low socioeconomic status, Indigenous, or have 
previous health issues are more vulnerable to the health effects of climate change. 

Confidence level Very High 

Description High consensus; multiple studies and evidence; lots of documentation 

References National Climate Assessment, 2018; IPCC 2021; Vermont Health Department 
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Key message 3: Warmer and more moist temperatures in Vermont are likely to create more habitat for disease-
carrying ticks and mosquitoes. 

Confidence 
level 

High 

Description Climate models have general consensus on warming trends; some studies done on vector 
and disease migration 

References Allen et al., 2019; Vermont Department of Health 

 
 

Key message 4: Increases in the number and severity of natural disasters in Vermont will likely increase the risk 
of injury, illness, and death. 

Confidence 
level 

Very High 

Description Much consensus on causal relationship between increased severity of storms and impact on 
health; lots of data 

References Fourth National Climate Assessment, 2018; Smith et al., 2014; FEMA.gov, 2021 

 
 

Key message 5: Climate change could affect the quality and safety of food and water, which could lead to 
increases in food and water-borne illnesses. 

Confidence level High 

Description High level of confidence in causal relationship between water and food changes and related 
illnesses  

References Union of Concerned Scientists, 2010; IPCC, 2019; State of Vermont, 2021 

 
 

Key message 6: Decreases in air quality will exacerbate existing chronic diseases and decrease water quality. 

Confidence 
level 

Very high 

Description High consensus on air quality and chronic lung diseases; multiple studies done  

References Dean & Green 2019; Smith et al., 2014; American Lung Association, 2020; Vermont 
Department of Health, 2019 

 
 

Key message 7: Mental health is inextricably linked with environmental health. Impacts from climate change 
could contribute to mental health challenges. 

Confidence level Very high 

Description High consensus on environment and mental health; multiple studies done; increasing 
documentation 

References Berry et al., 2010; Clayton et al., 2017; Schlanger, 2017; Robbins, 2020 
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