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Abstract: Heat is the deadliest meteorological hazard; however, those exposed to heat often do not
feel they are in danger of heat-health effects and do not take precautions to avoid heat exposure.
Socioeconomic factors, such as the high cost of running air conditioning, might prevent people
from taking adaption measures. We assessed via a mixed-methods survey how residents of urban
Knoxville, Tennessee, (1 = 86) describe and interpret their personal vulnerability during hot weather.
Thematic analyses reveal that many respondents describe uncomfortably hot weather based on its
consequences, such as health effects and the need to change normal behavior, which misaligns with
traditional heat-communication measures using specific weather conditions. Only 55% of those who
perceived excessive heat as dangerous cited health as a cause for concern. Respondents who have
experienced health issues during hot weather were more likely to perceive heat as dangerous and
take actions to reduce heat exposure. Social cohesion was not a chief concern for our respondents,
even though it has been connected to reducing time-delayed heat-health effects. Results support
using thematic analyses, an underutilized tool in climatology research, to improve understanding of
public perception of atmospheric hazards. We recommend a multi-faceted approach to addressing
heat vulnerability.
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1. Introduction

Excessive heat is increasing in many places as a result of global climate change. Average annual
temperatures have increased by 0.7 °C over the last 30 years in the contiguous United States, and they
are expected to continue to increase by at least 1.2 °C by 2050 [1]. In the southeastern United States,
heatwaves are likely to become more frequent and intense, hot days are expected to become warmer,
and the warm season is expected to be longer [1], exposing individuals in these areas to excessive heat
and heat-related illnesses.

People are differentially exposed to heat. Urban areas change the way that wind, water and energy
move through the area, trapping more heat near the surface [2]. This results in a phenomenon called
the Urban Heat Island, which exposes urban residents to higher temperatures than rural residents,
especially at night [2]. Heat exposure also varies within an urban area. For example, a location
with a greater building density is likely to be warmer in the evening than one with a lower building
density [3,4]. Meanwhile, an area with more vegetation, and thus higher amounts of evapotranspiration,
is likely to have a higher heat index, the combined effect of temperature and humidity, than an area
with less vegetation [5]. At an even smaller scale, an individual living or working in an upper floor of
a building may be more exposed to heat that rises and persists in the upper floors of a building [6].
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Additionally, those who work outside or in buildings without air conditioning or efficient air flow are
more exposed to heat than those who work in a temperature-regulated environment [7,8].

Heat is the deadliest metrological hazard [9]. Health effects of heat exposure include heatstroke,
heat exhaustion, muscle cramps, and dehydration [10,11]. Those with pre-existing health issues can
experience heat-related comorbidities, such as cardiovascular and respiratory difficulties and mental
health disorders [6,11]. Heat exposure [12] and heat-related illnesses [13] are more likely on days that are
at or near average temperature as individuals are more likely to take actions to reduce heat-health risks
during extreme heat events. Those not acclimatized to heat or with a reduced ability to thermoregulate,
such as children and the elderly, are more at risk for heat-related illnesses [6,14], whereas those who
report good health are less likely to experience heat-related illnesses [15]. Likewise, individuals with
higher income and more social cohesion are less likely to report heat-related illnesses [15].

People can use heat adaption methods to reduce exposure to high temperatures and humidity
and minimize health risks. Examples of these adaption methods include using air conditioning,
going to a cooler location, wearing lightweight clothing, and staying hydrated. Many factors affect the
heat adaption actions that individuals take. Those living in unsafe areas are less likely to open their
windows because of fear of crime [6,16]. Other residents may not have access to or be willing to use air
conditioning, citing the high cost of running and repairing units [6,17]. Still others are not aware of
what actions to take to avoid heat exposure, are not aware of heat events, or are unsure whether they
are at risk for heat-related illnesses [18,19].

Heat-related education and personal perception of the dangers of heat also affect the heat adaption
actions taken. Individuals often do not perceive extreme heat as a hazard. Many individuals who
live in a warm climate feel they are sufficiently acclimatized to heat so it is no longer a concern [18].
When individuals do not consider themselves at risk for heat-related illnesses, they are less likely to take
measures to protect themselves [18,20]. Despite being more prone to heat-related illnesses, the elderly
often do not see themselves at risk and take “common sense” actions during heat events, such as using
fans [19], which can be an ineffective means for cooling and for reducing heat-health issues [21]. At the
same time, having been negatively affected by a heat event, or knowing someone else who has, tends to
increase an individual’s risk perception [22] and increase their use of adaption methods.

Public opinions on heat risk and adaption actions have been studied using surveys in several
cities in the United States [18,21]. Sheridan [21] noted that, while most of the participants in his study
were aware of a heat event, they were less aware of what adaption actions they should take. Only half
of those surveyed changed their behavior because of the heat [21]. The most common adaption actions
taken by participants were avoiding the outdoors and using air conditioning [21]. In Phoenix, Arizona,
individuals were more likely to feel they are at risk to excessive heat if an excessive heat warning is
issued [18]. Socioeconomic characteristics, such as race, income, and age, played a role in whether
individuals took adaption actions when they were aware of an excessive heat warning [18].

Using a mixed-methods survey for such studies expands the range of information usually
obtained from exclusively qualitative or quantitative surveys [23,24]. Social measures, power relations,
and perception cannot be easily measured through quantitative surveys [25]. In quantitative surveys,
responses are required to fit into specific, researcher-defined categories. Perception studies focusing on
climate [19,20] and heat [21] that use mixed-methods interviews and phone surveys have provided
more elaborate responses on social structures, such as what barriers exist for adaptation to hazards,
as well as perceptions of hazards from participants. These studies demonstrate the potential for
mixed-method surveys to obtain data that is deeper in information, though perhaps less extensive in
study size, than quantitative surveys [26].

We use a survey containing a mix of open-ended and single- and multi-select questions to assess
how residents of Knoxville, Tennessee, describe, experience, perceive, and adapt to heat. Specifically,
we aim to answer four research questions: (1) how do respondents describe uncomfortably hot
weather; (2) how do respondents perceive heat danger; (3) what health effects do respondents typically
experience during hot weather; and (4) how do respondents adapt to hot weather? The significance of
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this work is to expand upon the limited research using combined qualitative and quantitative analyses
to understand how heat affects urban residents” health and what motivates them to take adaption
actions during heat events.

2. Experiments

We distributed a community survey between June and November 2017 in Knoxville, Tennessee
(Figure 1). Knoxville is a mid-sized city in the southeast United States. The estimated population of the
metropolitan area is 868,546 [27]. The city is located in a valley between Great Smoky Mountains to the
east and the Cumberland Plateau to the west. Knoxville consists of a small urban core, with decreasing
building density and height moving away from the urban core. The city has extensive urban sprawl,
a confluence of major highways, and a major river running through it.

Knoxville has a humid subtropical climate, with an average high temperature during the warmest
month (July) of 31.1 °C and average low temperatures during the warmest month of 25.5-26.1 °C [28].
The climate in eastern Tennessee is influenced by the surrounding topography and thus is slightly
cooler than other areas in the southeastern United States, as seen in data from the National Oceanic
and Atmospheric Administration [29]. As a mid-sized city, Knoxville does not likely experience as
strong of an urban heat island signal as larger cities. Having a smaller heat island influence and a
slightly cooler climate increases Knoxville resident’s thermal comfort as compared to other cities in
this region, such as Atlanta, Georgia, and Nashville, Tennessee. However, this reduced exposure likely
results in less acclimatization to high heat and humidity. As criteria for issuing a heat advisory is based
on acclimatization, heat advisory criteria varies by location [30]. In Knoxville, the National Weather
Service issues heat advisories when the forecast indicates there will be a daytime heat index greater
than 103 °F (39.4 °C) and nighttime temperatures remaining above 75 °F (23.9 °C) for two or more
consecutive days [31]. Knoxville’s residents are also at risk to several types of meteorological hazards,
including severe convective weather, winter precipitation, flooding, and heatwaves.
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Figure 1. Location of Knoxville, Tennessee, within the United States of America.

The survey was distributed both electronically and in hardcopy (Supplementary Material).
It consisted of qualitative and quantitative questions aimed to determine the respondents’ demographic
and socioeconomic characteristics, housing information, use of heat adaption and mitigation
methods, understanding of meteorological hazards and heat-health effects during past heat events,
and social cohesion.
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To recruit participants, we generally targeted three neighborhoods in Knoxville, including West
Hills, Vestal, and Burlington. These neighborhoods are outside the urban core but within a 5-10 min
drive of downtown. Of these neighborhoods, Burlington has the highest population density, Vestal has
the lowest mean income, and West Hills has the highest mean income and lowest population density [32].
These specific neighborhoods were chosen because they consist of a range of incomes, offer a diverse
population, and have varying population densities [5]. They have also been shown to experience
different heat indices, with higher-income and lower-density neighborhoods experiencing higher heat
indices because of increased vegetation [5]. We did not include “neighborhood” as a predictive variable
in our study because specific neighborhood boundaries in Knoxville were, at the time of data collection,
not clearly defined by the city. Instead, we targeted specific neighborhoods to ensure we had variance
in our data. We recruited participants over the age of 18 by (1) attending two neighborhood association
meetings in June 2017 and one community group meeting in November 2017, (2) going door to door in
the neighborhoods, (3) approaching people in neighborhood parks, and (4) minimally using snowball
and convenience sampling.

In total, 86 surveys were collected. Respondents at meetings were given a choice between taking
the survey electronically on their own time or filling out a paper survey at the meeting. All other
participants were asked to fill out a paper survey. Submission of the electronic survey implied informed
consent, whereas those who filled out a paper survey signed a detached informed consent form.
All study procedures were approved by the University of Tennessee, Knoxville Institutional Review
Board (UTK IRB-17-03670-XP).

Participants and all others who were eligible to take the survey were able to enter a raffle to win
one of twenty $20 VISA gift cards. Raffle entries were not connected to the completed surveys to ensure
anonymity. Names were randomly drawn using a random-number generator and raffle winners were
contacted and mailed their gift cards.

Survey data were entered into Microsoft Excel and inspected for inconsistencies or lack of
responses. One respondent (1.2%) selected “prefer not to answer” in response to racial or ethnic
background and four respondents (4.7%) selected “prefer not to answer” in response to providing their
household income. Responses of “prefer not to answer” were removed, as needed. All respondents
provided an answer to all prompted survey questions, resulting in a 100% response rate for the
other survey questions. Each survey was cross checked to ensure that answers were consistent.
For instance, if a respondent said that they only lived in Tennessee but later indicated that they lived in
the southeastern United States for less than 5 years, we would have discarded the survey to avoid
inaccuracies. No inconsistencies were found and all 86 surveys were used for these analyses.

Descriptive statistics were used to delineate socioeconomic and demographic categorical
answers—those where respondents had several options to choose from (Table 1). Respondents ranged
in age from 18-65 and over, with 87.2% of respondents being 18-59. The majority (69.0%) of
respondents identified as female, which is higher than Knoxville’s 52.1% female population [33].
Approximately 49.0% of respondents had earned a higher education degree, which is higher than the
31.4% of Knoxville’s population that have earned a Bachelor’s degree or higher [33]. These trends
in participation are not uncommon as more educated individuals [34] and women [34,35] are more
likely to respond to surveys. Thus, our results are biased towards females and individuals who are
more educated than the general population and may have more knowledge of or exposure to heat
adaption education. The majority (64.0%) of respondents also identified as white, 24.4% of respondents
identified as Black or African American, and 9.4% identified as either Asian or Hispanic. Comparatively,
Knoxville’s population in 2018 was 75.2% white, 17.5% Black or African American, and 2.1% Asian [33].
A higher minority response rate likely occurred because of the targeted neighborhoods, with Vestal
and Burlington having higher minority populations than West Hills.
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Table 1. Demographic and socioeconomic characteristics of survey respondents.

Characteristic Count Percent
Age
18-29 21 244
30-39 29 33.7
40-49 13 15.1
50-59 12 14.0
60-65 6 7.0
Over 65 5 5.8
Sex
Male 27 314
Female 59 68.6
Race/Ethnicity
Asian 4 4.7
Black or African American 21 24.4
Hispanic 4 47
White 55 64.0
Prefer not to answer 2 2.3

Annual Household Income

Under $20,000 22 25.6
$20,000-%$40,000 23 26.7
$40,000-$60,000 18 209

$60,000-$80,000 9 10.5
$80,000-$100,000 5 5.8
Over $100,000 5 5.8
Prefer not to answer 4 4.7

Highest Level of Education Completed

Less than high school 2 2.3
High school diploma or equivalent 15 17.4
Post secondary, non-degree award 6 7.0
Some college, no degree 21 244
Associate’s Degree 5 5.8
Bachelor’s Degree 25 29.1
Master’s Degree 10 11.6
Doctoral or Professional Degree 2 2.3

Employment Status
Employed full-time 42 48.8
Employed part-time 25 29.1
Homemaker or stay at home parent 6 7.0
Retired 9 10.5
Unemployed 4 47

Student Status

Not a student 66 76.7
Part-time student 8 9.3
Full-time student 12 14.0

Categories were collapsed to ensure there were enough samples in each category to perform
statistical analyses, specifically the need for an expected value of five or more for the Chi-squared
tests. The new age categories were 18-29, 3049, and over 50. The new annual household income
categories were under $20,000, $20,000-$40,000, and over $40,000. The new categories for the highest
level of education completed were high school graduate/GED or less, some college to Associate’s
degree, and Bachelor’s or higher. The new employment categories were full-time, part-time, and other
(including retired, homemaker, and unemployed). Student status was recategorized as not a student
and student (including part-time and full-time). We recategorized acclimatization to create two
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categories: More than 10 years of residency in the southeastern U.S. and 10 or fewer years of residency
in the southeastern U.S. The new social cohesion categories were cohesive (including survey responses
of somewhat confident and very confident that they had social support) and not cohesive (including
survey responses of not too confident and not confident at all that they had social support). Finally,
self-reported health status was recategorized as excellent, good (including very good and good),
and fair to poor.

We used hierarchical coding to analyze the open-ended survey responses. Each response was
categorized into primary themes and then further into secondary themes [36]. Some responses
were included in multiple primary and secondary themes as they contained information that could
potentially contribute to the data analysis in more than one context [36]. For example, for the question,
“Why do you feel that hot days and heatwaves are dangerous to you?” a participant responded:

“Iwork outside often, and I have read about how prolonged exposure to extreme heat can lead to kidney
problems through repeated dehydration.”

This was placed under both the “exposure (outside/work)” and “health” primary themes.
This response was further assigned a secondary code of “dehydration.” Some of the themes that
resulted from our thematic data analysis were applied to our dataset as categories to enable us to
perform a statistical analysis for information that was provided in a qualitative format.

We used multiple logistic regression to determine whether socioeconomic and demographic
characteristics affected the themes that resulted from our hierarchical coding of respondents’
descriptions of hot days. Multiple logistic regression was also used to determine if the amount
of time spent in the southeastern U.S. (acclimatization) affected the themes that resulted from our
hierarchical coding of respondents” descriptions of hot days. Multiple logistic regression was chosen
for these analyses because a categorical dependent variable was being compared to multiple levels of
categorical independent variables.

Chi-squared was used to test the associations between individual characteristics/perceptions and
(1) reported heat-health effects and (2) reported heat adaption behaviors. Chi-squared was chosen
as we were comparing one characteristic or perception category to one heat-health effect or adaption
behavior, as applicable. The Yates correction was used to reduce the tendency of Chi-squared test
to bias the p-value in small samples [37]. To identify whether responses occurred at the expected
frequency, given the population, the difference between the frequency expected for each response
(expected values) and the frequency that was observed in our study (observed values) was analyzed to
identify whether responses occurred.

Study Limitations

Sampling urban neighborhoods can introduce potential problems because there is no efficient
and practical way to collect information on all behaviors and perspectives in a large group of
people [38,39]. This was considered during data analysis. Snowball sampling was used with care
to avoid overrepresentation of specific personalities or groups [38]. To account for these limitations,
we used purposive sampling instead of random, representative, convenience, or stratified sampling
procedures [40]. Purposive sampling allows for efficient data collection while maintaining a low level
of bias [40].

This study was based on a small sample size. This was partly because we physically went out to
collect data, instead of using phone, email, or mail to distribute the surveys. The small sample size was
also reflective of our decision to use a mixed-methods approach including qualitative data analysis,
which allowed us to delve deeper into our participants’ responses, rather than casting a wide net as
seen in other studies using quantitative data. However, a smaller sample size could result in fewer
significant results during statistical analyses.

We collected data from June through November, which might result in a seasonal bias in the
survey responses [36,41]. For example, respondents that took the survey during the warm season
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might be more concerned about heat-related issues than someone who took the survey during the late
fall, when the weather was cooling down.

3. Results and Discussion

3.1. How Do Respondents Describe Uncomfortably Hot Weather?

Respondents were asked “How do you describe uncomfortably hot weather?” and their
open-ended answers were placed into five primary themes (Table 2). Of the five major themes,
the most common was for respondents to describe uncomfortably hot weather in terms of specific
weather conditions. To a lesser degree, participants also described uncomfortably hot weather as
times when they needed to alter their normal behaviors and activities, when they were generally
uncomfortable, and when they experienced health effects, such as breathing difficulties and sweating.
Approximately 10% of participants reported that they were generally indifferent to heat. According to
our multiple logistic regression analyses, citing being indifferent to heat was not significantly (p < 0.05)
affected by (1) socioeconomic characteristics, (2) demographic characteristics, (3) self-reported health
status, or (4) acclimatization to heat.

Table 2.
uncomfortably hot weather?” (n = 86). As some responses fit into multiple themes, the total number

Examples of open-ended responses to the survey question, “How do you describe

and percentage of responses described below is greater than 86 samples and 100%.

General

Specific Weather

Change in Activities and

Conditions Normal Behavior Discomfort Health Effects Indifference to Heat
;i’;algr‘igﬁff n=45 n=16 n=11 n=9 n=9
p 52.3% 18.6% 12.8% 10.5% 10.5%
responses
“Anything above It mal.<es me feel like I'can “Uncomfortable . o I'm rarely )
95° not [sic] move or act like in pants.” Dizzy, sweating. uncomfortable in
’ normal people anymore.” pants. heat.”
“Muggy—Ilike " " .
breathing through a If Ineed to tu}:n on extra “Miserable.” “Suffocating.” Undes1rable"but
. fans. tolerable.
wet washcloth.
Example P
responses “More than 90 °F “When it’s too hot to hike, " . “Anytime it is hard ['am more .
o e ,, Awful. , comfortable when it
and 90% humidity. etc. to breathe. . ”
is hot.
" oy Uncomfortable is when P P “Humid and “It doesn’t bother me
Oppressive. you have to turn on the Unbearable. ., Y
AC” energy draining. too much.
“Summer— “Too hot to have the baby " - “When you get " .
July/August.” out.” Usht! heat exhaustion.” T'am used to hot.

We looked further into our most commonly assigned theme, which was defining heat using
specific weather conditions. Of the 45 responses that fit into this category, describing uncomfortably
hot weather as temperatures above 90 °F (n = 13) or humid (n = 14) was most common. Six respondents
described uncomfortably hot weather as temperatures between 80 and 89 °F. Thirteen respondents
answered in a way that we described as “other.” Examples of responses from the “other” category
include “Sub Saharan Africa hot,” “Searing oven,” “Heat waves,” and “Late summer.” According to
our multiple logistic regression analyses, describing uncomfortably hot weather as a specific weather
condition was not significantly (p < 0.05) affected by (1) socioeconomic characteristics, (2) demographic
characteristics, (3) self-reported health status, or (4) acclimatization to heat.

Little research has been published on how the public describes hot weather. Currently, the National
Weather Service defines excessive heat based on specific heat indices and temperatures [42]. While some
respondents described hot weather based on specific temperatures and humidity levels, others equated
hot weather to health effects, changes they needed to make to their normal activities, or general
discomfort. Warning the public of excessive heat by using specific terminology, such as temperature,
humidity, and heat index, may not be an effective way of communicating to those that do not use
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these terms to define dangerously hot weather. When specifically looking at ways to improve heat
education, understanding how to describe heat to the public in a meaningful way is crucial to convey
the importance of heat-related risks and helping the public understand how to recognize excessive heat
conditions. Additionally, high resolution weather forecasting using smartphone apps is emerging as a
way to provide forecasting for thermal comfort in a specific location and allows users to understand
their risk of heat exposure in different environmental and atmospheric conditions [43].

Only one respondent mentioned heat-related advisories as a way of defining uncomfortably hot
weather by saying:

“If the meteorologist tells me to be careful.”

Other studies found that heat warnings, when heavily covered by the media, are an effective
way of warning individuals of the risk of heat exposure [21]. However, Kalkstein and Sheridan [18]
found that apathy to heat exposure was partly because of a lack of media coverage. Nearly 11% of our
respondents were apathetic to uncomfortably hot days and many reported that their lack of concern
was because they were acclimatized to excessive heat, although this relationship was not statistically
significant, which is likely a result of our small sample size.

3.2. How Do Respondents Perceive Heat Danger?

We asked respondents “Which weather event do you feel is the biggest threat to you?”. Respondents
could choose from (1) drought, (2) extreme cold, (3) extreme heat, (4) flooding, (5) hail, (6) ice storms and
snow, (7) severe storms, (8) tornadoes, (9) all of the above, or (10) none. Only one respondent indicated
that no meteorological hazards are dangerous to them. Overwhelmingly, respondents felt that severe
storms and tornadoes (44.2%) and cold-related hazards (34.9%) were most dangerous. Only 14.0% of
respondents indicated that they felt extreme heat was the biggest threat to them. Excessive heat is the
deadliest meteorological hazard; however, heat events do not have the “awe factor” of other hazards,
such as tornadoes and ice storms, and thus might be perceived as less dangerous [18,44]. Likewise,
heat events are more common in our study area than cold events, which may produce feelings of
apathy as respondents may see excessive heat as a common event without much risk.

We asked respondents the single-select question “How dangerous do you think hot days and
heatwaves are to you?”. If respondents indicated that they felt that extreme heat was a little, somewhat,
or very dangerous to them (n = 75), they were asked the open-ended question, “Why do you feel hot
days and heatwaves are dangerous to you?”. Analyses of their answers resulted in six themes, the most
common being health, exposure, and general danger (Table 3). The themes of age, general discomfort,
and social cohesion only included 6.0%, 8.6%, and 2.8% of responses, respectively, and are not discussed
here. Exposure was cited as a reason why hot days and heatwaves are dangerous, with sub-themes
including being outside during hot weather (50.0% of respondents who cited exposure) and being
exposed while at work (37.5% of respondents who cited exposure). Multiple logistic regression
results suggest that socioeconomic and demographic characteristics, self-reported health status,
and acclimatization to heat did not have a statistically significant (p < 0.05) effect on respondents’
reasoning for why they felt hot days and heatwaves were dangerous to them, which could be a result
of our small sample size.

Common sub-themes of health dangers cited by respondents were dehydration (35.9% of
respondents who cited health as why heat is dangerous), heat stroke and exhaustion (20.5%),
respiratory issues (20.5%), and general health dangers (33.3%). Examples of general health dangers
included, “can be deadly,” “without adequate elements such as shade and water, hot days can pose a
serious health risk to anyone,” and “you can overheat.”

Only one respondent noted mental health issues resulting from heat events:

7o

“I find that my mental health is affected by having to find shelter from the heat. Being outside
for extended periods during the hottest part of the year can lead to feeling physically ill from
exhaustion/dehydration, and being confined inside to escape the heat becomes mentally draining.”
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Mason et al. [15], however, found that more than 55% of Knoxville residents in lower- to
moderate-income neighborhoods experienced mental health effects from summer heat. We did not
specifically provide “mental health effects” as an option for the categorical response options to the
question of, “What health effects do you typically experience during hot weather?” (see Section 3.3).
These differing results suggest that the mental health effects of heat may not be well known by the public
and they may not connect the ideas of heat exposure and mental health if unprompted. This could be
in part because heat-related illnesses are not well reported by the media [44].

In a previous study, increased social cohesion, or the amount of social support an individual feels
that they have, resulted in a decreased report of physical or mental impacts from summer heat [15].
Only two of our respondents reported a lack of social cohesion as a reason why they feel excessive
heat is dangerous to them by both saying, “I live alone.” This theme was more prominent in the
Mason et al. [15] study. Increasing the social cohesion of a neighborhood by developing systems to
check on one another during heat and other dangerous weather events is one potential way to reduce
delayed heat-health impacts for some individuals [15,45], yet our research shows that for many others
social cohesion is not a primary concern and the effects of social cohesion may vary by neighborhood,
socioeconomic, and health characteristics.

Table 3. Examples of open-ended responses to the survey question, “Why do you feel hot days and
heatwaves are dangerous to you?” (n = 70). Themes that included less than 10% of responses are not
included here.

Exposure
Health (Outside/Work) General Danger
Total number and n =39 n=16 n=28
percent of responses 55.7% 22.9% 11.4%

Example responses

“It’s easy to get dehydrated.”

“I am exposed to them

[heatwaves] more often

than any other weather
activity.”

“They are dangerous, but
I take measures to
protect myself.”

“Risk for heat exhaustion.”

“I walk to work.”

“Extreme weather is
dangerous to everyone if
proper precautions, etc.
are not taken.”

“I'have heart problems and have
trouble breathing when hot.”

“Too hot to work.”

“Heat is dangerous to
everyone.”

“ ... I get migraines from the
heat occasionally.”

“I enjoy running and
hiking so I am outdoors

“Heatwaves make
normal activities

alot.” dangerous.”
“T work outside often, and I
have read about how prolonged “Makes it hard to be Not as dangerous as
exposure to extreme heat can outside.” cold but extreme weather

lead to kidney problems
through repeated dehydration.”

is a risk.”

Nearly 23% of respondents cited exposure while outside and/or while at work as a reason why
they feel excessive heat is dangerous. Occupational studies using personal temperature sensors
indicated that higher temperatures, exposure to direct sunlight, and exposure to heat from machinery
led to outdoor workers being exposed to excessive heat [7,8]. Options for reducing heat-related
illnesses at work include periodically moving to temperature-regulated locations to reduce exposure,
staying hydrated, seeking shade, reducing physical exertion, and allowing time to acclimatize to
excessive heat [7,8,46]. While the Occupational Safety and Health Administration, the National Institute
for Occupational Safety and Health, and other agencies recommend specific ways in which employers
should address employee heat exposure [46], our study shows that occupational heat exposure is still a
concern in Knoxville. Studies assessing employee exposure to high temperatures and humidity in
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specific work environments could help employers ensure they are reducing their employees’ risk for
heat-related illnesses.

3.3. What Health Effects Do Respondents Typically Experience during Hot Weather?

We asked respondents “What health effects do you typically experience on hot days?”. The options
respondents were able to choose from included (1) sweating, (2) headache, (3) dehydration, (4) nausea,
(5) confusion, (6) muscle cramps, (7) no effects, and/or (8) other symptoms (open ended). Sweating,
dehydration, headaches, and muscle cramps were most reported as being experienced by respondents on
hot days (Table 4). Only one respondent reported having no health effects on hot days. No respondents
reported that they experienced nausea or confusion.

The respondent’s work status was only associated with experiencing muscle cramps. Fewer full-
and part-time workers experienced muscle cramps than expected. Conversely, more participants in
our “other” work category experienced muscle cramps than expected, likely because this category
includes those more prone to heat-related illnesses, such as retired individuals at an advanced age.
Work status did not affect the other variables, showing that headaches, dehydration, and sweating
affect a larger and broader population.

Table 4. Percent of respondents that reported health effects and Chi-squared results for the associations
between reported heat-health effects and personal characteristics and perceptions (1 = 85) 1.

Sweating Dehydration = Headaches Muscle Cramps

n =83 n=2>55 n=20 n=20
Percent of respondents that reported health effect(s) 96.5% 64.0% 23.3% 23.3%
Work 0.909 3.622 4.174 16.442 ***
Full-time -3.8
Part-time -2.8
Other 6.5
Social cohesion 0.412 0.540 9.001 * 0.995
Cohesive -1.6
Not cohesive 2
Whether or not respondents felt heat was dangerous 3.858 * 5.650 ** 2.474 0.730
Yes 1.6 4
No -1.6 —4
Cited “health” as why heat is dangerous <0.001 4.501* 3.944* 0.730
Yes 4.7 4.2
No —4.7 —4.2

! The Chi-squared value (X?) and significance codes (* 0.05, ** 0.01, and *** 0.001 or less) are provided. Italicized
numbers are the difference between observed and expected values for each significant result. Please see Section 2:
Experiments for an explanation of expected and observed values. Negative numbers indicate that there were less
observations than expected.

Social cohesion was only associated with headaches and, as shown by the p-value and a small
difference in observed versus expected values, it is not a notable finding. Thus, social cohesion, in this
study, did not prove to be highly related to the health effects that we tested. This is likely because
our respondents did not connect their social cohesion with heat-health concerns or do not feel that
they are at risk for heat-health issues. Browning et al. [45] found that structural characteristics and
social trust affects the social cohesion of a neighborhood. We collected many of our surveys in a
door-to-door manner and in community meetings and thus collected in spaces where there were
increased structural characteristics, such as sidewalks and gathering areas, and greater social trust,
such as in areas generally considered safe or within groups of individuals that were invested in their
neighborhoods. This data collection pattern could have created a bias towards collecting information
in areas with greater social cohesion.

Perceptions of heat and heat-health danger were each significantly related to two of the health
effects, with those who think heat is dangerous and a health concern reporting more health effects than
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expected. An individual’s perception of their risk for heat-related illnesses plays a significant role in
whether respondents reported health effects during excessive heat. These perceptions may come from
previous exposure to excessive levels of heat [22]. Respondents may be more sensitive to heat-health
risks if they or someone they know has experienced the hazard before [22], and thus might be more
likely to recognize or connect health effects to the hazard.

3.4. How Do Respondents Adapt to Hot Weather?

When asked “What behaviors or actions do you normally take during hot days and heatwaves?”
the most common reported behaviors were using air conditioning (86.0%), making an extra effort to
stay hydrated (80.2%), using fans (50.0%), avoiding overexertion (47.7%), seeking a cooler location
(46.5%), avoiding being outside (45.3%), changing clothing (34.9%), and using water features, such
as splash pads and pools (22.1%). Those that were found to be significantly associated to any of the
personal characteristics or perception variables are listed in Table 5.

Table 5. Percent of respondents that reported behaviors and Chi-squared results for the associations

between reported behaviors and personal characteristics and perceptions 1.

Avoiding over  Seeking Cooler Avoiding Use Water
Exertion Location being Outside Features

Number and percent of respondents n =41 n =40 n=239 n=19
that reported behavior 47.7% 46.5% 45.3% 22.1%
Student 1.768 0.169 <0.001 4.018*

Yes 3.6

No -3.6
Acclimatization 1.424 1.152 2.056 4.030 *

Less than 10 yr 3.9

More than 10 yr -3.9
Health 1.715 0.587 3.705 7.440 *

Excellent 3.8

Good 0.3

Fair to poor -4.1
Whether or not respondents felt heat 0.822 7583 % 6.308 * 0.100
was dangerous

Yes 52 1.0

No =51 -1.0
Cited “health” as why heat is dangerous 10.266 ** 8.929 ** 0.100 0.693

Yes 0.9 5.1

No -0.9 =51

! The Chi-squared value (X?) and significance codes (* 0.05, ** 0.01, and *** 0.001 or less) are provided. Italicized
numbers are the difference between observed and expected values for each category. Please see Section 2: Experiments
for an explanation of expected and observed values. Negative numbers indicate that there were less observations
than expected.

Using water features was significantly more common for those who have been in the southeastern
U.S. less than 10 years, those in excellent or good health, and those who are students. Those who are
not acclimatized to the weather are likely using water features more because it is a common-sense
heat adaption method. Students, on the other hand, might use water features because it is cost
efficient, with pools being generally available to students for free through their school or publicly for a
minimal cost.

Seeking a cooler location was more common for respondents who perceived heat as dangerous
and for those who cited heat-health concerns. Of the heat adaption behaviors that respondents chose
from, seeking a cooler location was one of the most accessible and inexpensive options. This is also a
common-sense behavior. Those with health concerns are likely using this adaption method to reduce
their exposure and thus reduce the likelihood that they will experience heat-health effects.
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Respondents who did not alter their normal schedule on hot days were asked in an open-ended
question, “Why do you not change or move daily activities on hot days?” (Table 6). There were three
main themes for why they do not change their activities on hot days: (1) They are acclimatized to or
well prepared for heat, (2) they cannot alter their schedule because of work or other factors, and (3)
they do not normally spend time outside and are thus not exposed to changes in temperature.

The perception of a lack of heat danger and heat-health danger had the most effects on respondents
not taking adaption actions. This pattern was also reported by Sheridan [21], Abrahamson et al. [19],
and Toloo, Fitzgerald, Aitken, Verrall, and Tong [47]. Some individuals feel “pride” that they can
handle uncomfortably hot weather [21]. Others simply do not see themselves as being at risk [19,21].
These perceptions can result in an individual not taking adaption actions to reduce exposure and thus
potentially exposing themselves to heat-health risks. One opportunity to improve risk perception is to
have media outlets inform their audience on which populations are vulnerable to heat-health risks
during heat advisories and warnings [21].

Nearly one in 10 respondents could not or felt that they were unable to take adaption actions and
were at a higher risk for heat-related illnesses. Individuals who could not alter their routine and felt
they were acclimatized or “used to” heat would benefit from advanced heat-health education provided
by the National Weather Service, city governments, or other outreach personnel. These educational
opportunities should include the development of individual action plans, which could help those
who simply do not want to alter their routines or feel that there are no other options but to keep with
business as usual.

Table 6. Examples of open-ended responses to the survey question, “Why do you not change or move
daily activities on hot days?” (n = 29).

Acclimatized to Heat or Does not Normally

Well Prepared Cannot Alter Schedule Spend Time Outside
Total number and n=11 n=9 n=7
percent of responses 37.9% 31.3% 24.1%

“Am easily acclimated to
extreme heat/cold.”

“I walk a short distance
to my job.”

“I do not spend a lot of
time outside.”

Example responses “Used to heat.”

“It would disturb my
routine.”

“Because I don’t have to
be outdoors.”

“I feel safe as long as I
prepare.”

“Some activities cannot
be avoided.”

“I don’t go outside.”

4. Summary and Conclusions

We used a mixed-methods survey to assess how respondents in Knoxville, Tennessee, describe,
experience, perceive, and adapt to hot weather. This research adds to the small research base that
uses qualitative analyses in climatology research. Our mixed-methods approach allowed for the
statistical analyses necessary to gain insight into broad concepts, such as whether respondents felt heat
was dangerous, while the qualitative thematic coding shed light on deeper ideas, such as why they
felt heat was dangerous, supporting the need for education on why heat is dangerous. While more
significant patterns might emerge from statistical analyses of a larger sample size, small-scale studies
and qualitative research allows for respondents to provide information outside of set boundaries
and expand our knowledge base beyond what has been previously studied and in ways we may
not have hypothesized. For example, when asking respondents why they did not change their
behavior to avoid heat exposure, some simply felt that they were not able to change their routine
because, for instance, their transportation to work is walking or they do not feel comfortable changing
their routine. These ideas would not have been accessible using single- or multi-select questions.
Future survey-related climatology research should aim to include some open-ended response questions
to gain insight into ideas and themes that researchers may not currently be aware of.
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4.1. How Do Respondents Describe Uncomfortably Hot Weather?

Our results for this research question demonstrated discordance between traditional heat
communication methods and the needs of residents, which may affect how individuals perceive heat
danger. One example of these misaligned communication methods is that many of our respondents
defined heat primarily based on changes they needed to make to their normal routine. Those who
describe heat in ways other than quantitative temperature and humidity measurements would better
understand their risk for exposure when being presented with adaption information rather than
specific weather conditions. Communication methods have recently shifted away from the traditional
method of using specific weather conditions to define heat risk, and now include more information on
the generalized adaptive behaviors individuals should take. Based on our results, we recommend a
continued systemic change to heat-related education and media coverage.

First, we recommend describing heat based on a change in behaviors or consequences, as well
as specific weather conditions. Traditional communication methods may not be effective across an
entire population and may result in a misunderstanding of an individuals’ risk for heat exposure
and heat-health effects. Based on our survey, we recommend that the media inform their audience of
heat-related risks by using specific weather conditions to outline heat danger, and by emphasizing
health risks, vulnerable populations, and how people might need to change their normal routine to
avoid heat exposure. While some National Weather Service offices have begun distributing infographics
on social media to inform the public of excessive heat risk and heat-adaptive actions, this information
does not typically contain information on the populations most at risk for heat-related illnesses.
These infographics are also not usually distributed during normal weather conditions, when some
individuals are more exposed to heat as they are taking less adaptive actions [12].

Second, heat-related education is needed to ensure individuals exposed to excessive heat
understand whether they are part of a vulnerable population and are aware of the actions they
can take to reduce their vulnerability [21]. Heat education provided by the media, the National Weather
Service and similar agencies, city governments, and other outreach professionals could help change
the public’s perception of heat and who is at risk, thus increasing their willingness to take adaptive
actions. These educational opportunities should include information on health risks, vulnerable
populations, heat awareness, and adaption options to increase the prevalence of heat adaption activities.
Heat education should also include individual action plans to ensure that the public understands
appropriate ways to adapt to excessive heat before it occurs.

4.2. How Do Respondents Perceive Heat Danger?

Not all participants perceived heat as a danger. Should this sentiment exist on a broader scale,
it would be imperative to increase public knowledge of the danger that heat possesses as the warm
season is expected to become warmer and longer, and heatwaves are expected to become more frequent
and intense. Social cohesion was not a primary concern to our respondents; however, it is an important
aspect in reducing vulnerability to heat-health effects [15]. However, we collected surveys in situations
and locations that promote social cohesion, which may not be representative of Knoxville residents as a
whole. Programs to strengthen social cohesion in vulnerable neighborhoods could reduce time-delayed
heat-health effects [15,45]. Increasing social trust and building more extensive neighborhood structures,
such as sidewalks, are two methods of growing social cohesion in a neighborhood [45]. Additionally,
increased heat education and opportunities to reduce heat exposure in the workplace is needed to ease
the concern of occupational heat exposure that was reveled in this study. These opportunities could be
in collaboration with the Occupational Safety and Health Administration, the National Institute for
Occupational Safety and Health, and similar agencies.
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4.3. What Health Effects Do Respondents Typically Experience during Hot Weather?

Whether respondents experience health issues during excessive heat plays a notable role on their
perception of heat danger and if they take heat adaption actions to avoid exposure. Our results suggest
that, while the majority of survey respondents feel that excessive heat is at least somewhat dangerous
to them, fewer respondents feel heat is a health risk. Respondents who perceive that heat is dangerous
are more likely to recognize heat-related dangers and health risks and take actions to reduce heat
exposure. Based on our results, reducing heat-related health problems needs to be addressed first
through improving resident’s understanding and perception of exposure to heat and who is at risk for
heat-related illnesses, as discussed above.

4.4. How Do Respondents Adapt to Hot Weather?

All three previous research questions contribute to our understanding of how respondents adapt
to hot weather. Our results show that heat danger perception plays a critical role in whether individuals
take adaption actions and which actions they take, which will become more important as heatwaves
and hot days become more frequent and intense with changing climate [1]. Respondents that do not
perceive they are at risk for heat-related illnesses or are unable to alter their schedule are less likely
to take adaption actions and are more vulnerable to heat-health issues. Individuals that experience
heat-health issues are more likely to feel that heat is dangerous and take heat adaption actions,
likely reducing their vulnerability to heat-health issues.

4.5. Conclusions

As presented above, the results from each of our research questions indicate that a multi-faceted
approach to reducing heat vulnerability is needed as individuals within an urban area have varying
concerns. Our results are based on a small sample, but we see clear ways to improve heat communication
and heat adaption that could benefit Knoxville’s residents, and potentially the larger public. Based on
our results and the cited literature, we suggest the following as possible strategies to reduce heat
exposure and related illnesses: (1) Increasing access to heat adaption methods, (2) strengthening social
cohesion, (3) refining heat risk communication, and (4) changing the perception of heat-related dangers
through community education.

However, the above recommendations for systemic changes will take resources, including time
and financial support. We recommend first focusing on individual-level heat adaption methods,
such as using air conditioning, seeking a cooler location, and using water features. Further research
to understand how the public defines heat will increase the sample size, ensure that techniques
for improving communication match the needs of the general public, help bolster media coverage,
and strengthen heat education efforts. Future research on this topic could incorporate living conditions,
including housing quality and condition; compare the frequency of illnesses reported to health care
professionals and emergency rooms with the frequency of perceived illnesses; and make connections
between heat perception, specific dates or months, and perception.
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