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Abstract 

According to the United States (U.S.) National Weather Service, extreme heat 

was the most fatal weather phenomena in 2022. As climates change around the U.S. and, 

more specifically, across the Southern Great Plains, extreme heat events are projected to 

increase in intensity, duration, and frequency. Past research demonstrates that heat-

related mortality has increased throughout the state of Oklahoma in recent years, and that 

heat-related deaths are disproportionately represented by Black people, senior citizens, 

males, and single individuals.  

To examine the impacts of extreme heat in a low-income and racially diverse 

community in the northeastern quadrant of Oklahoma City, Oklahoma, this qualitative 

research study employed focus groups to address two research questions: 1) how do 

extreme heat conditions influence the lives of people living in Oklahoma City 

neighborhoods identified by significant social vulnerability?, and 2) what are the best 

practices for mitigating heat stress that can be implemented in Oklahoma City without 

harming the natural and social landscape that already exists? The focus groups were 

composed of four separate groups of people: 1) seniors, 2) youth, 3) mixed-aged adults, 

and 4) community leaders. Each group was asked the same set of questions, and the 

resulting discussions were transcribed to form the research dataset. To analyze the 

collected data, a thematic analysis was performed using three coding stages (open, axial, 

and selective). Five themes emerged from the data analysis: 1) adaptation, 2) 

communication/awareness, 3) health, 4) infrastructure, and 5) resources.  

x



In response to the first research question, participants discussed being burdened 

by the high cost of utility bills and disadvantaged by the lack of amenities, such as pools, 

splash pads, shade trees, and bus shelters. In response to the second research question, 

participants listed many ways they employed self-agency to stay cool, such as staying in 

cooled buildings, using fans, and preventing outdoor heat from penetrating inside their 

homes using shading equipment. Findings also showed that community members could 

benefit from local programs that offer financial assistance for cooling expenses and 

educational materials to inform the public of heat-health coping strategies and available 

resources.  
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Chapter 1: Introduction

Extreme heat, especially with high humidity, is a fatal weather and climate hazard 

that disproportionally impacts people within specific demographic groups across the 

world (Mora et al. 2017; Khatana, Werner, and Groeneveld 2022). These groups include 

people of color, low-income households, people with pre-existing medical conditions, 

older citizens, people lacking access to central air conditioning, people with limited 

physical mobility, non-homeowners, and outdoor workers (Semenza et al. 1996; O’Neill, 

Zanobetti, and Schwartz 2003; Gronlund 2014; Johnson et al. 2016; Hayden et al. 2017; 

Khatana, Werner, and Groeneveld 2022). The impacts of extreme heat include high 

surface temperatures, reduced air quality, and extreme indoor temperatures when not 

properly ventilated (Schnell and Prather 2017; Teyton et al. 2022). In the United States 

(U.S.), extreme heat results in the greatest number of human fatalities of all hazardous 

weather and climate events reported by the National Weather Service (National Weather 

Service (NWS) 2023). Therefore, it is imperative that researchers and decision makers 

advance their collective understanding of how extreme heat conditions influence different 

populations living in their region. By studying how extreme heat conditions impact 

people living in a neighborhood characterized by high social vulnerability, sustainable 

and equitable practices to adequately adapt to extreme heat events can be established and 

implemented. 

“Extreme heat” refers to air temperatures that generate thermal stress on humans, 

which can be evaluated using various metrics for magnitude, frequency, and duration. 

Recent studies have found that there is a correlation between warming of the global mean 
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temperature due to increased greenhouse gases from human activity and the frequency, 

intensity, and duration of local heat events (Horton et al. 2016). Heat waves are one 

manifestation of extreme heat. There are a range of definitions of extreme heat used 

throughout the literature. For example, a case study on heat-related mortality in New 

York City defined heat wave days as “those days when the maximum temperature or 

maximum heat index exceeded 95°F for at least 2 consecutive days (Madrigano et al. 

2015)” In a different study, Mullens and McPherson (2023) define ‘extreme heat days’ as 

days with temperatures greater than or equal to 100°F.  

Although extreme heat can occur anywhere, areas with more impervious surfaces 

and less vegetation, such as cities, often experience hotter temperatures and the heat 

impacts a greater number of people. Recent studies have found that urban areas across the 

U.S., and in other parts of the world, have experienced significantly hotter temperatures

than their rural counterparts (Li et al. 2015; Cui et al. 2019). According to Bodnaruk et al. 

(2017), most of the global population lives in urban areas due to increasing levels of 

urban land cover. Urbanization can result in several negative effects on human and 

natural ecosystems, such as the excessive temperatures of the urban heat island (UHI) 

(Bodnaruk et al. 2017), and increased populations in urban settings expose a greater 

number of people to risks associated with extreme heat (McInnes and Ibrahim 2010). As 

climate change continues to alter the living environment of people in the U.S., it is 

essential for scientists, researchers, and other professionals to advance their 

understanding of how climate change impacts, namely extreme heat and heat waves, 

affect human livelihood.  
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 I next review literature relating to extreme heat. I will first discuss historical heat 

events as background information on extreme heat events across the globe, then highlight 

future projections for extreme heat events. Afterward, I will explain how extreme heat 

can be measured based on physical observations as well as how social vulnerability 

indicators are helpful to analyze heat risk. The next section will review the negative 

impacts that extreme heat has on individuals, society, and the surrounding environment. 

Lastly, I will discuss intervention strategies to mitigate and adapt to extreme heat 

conditions.  

1.1.Historical Heat Events 

In the United States, one of the most fatal recorded heat waves occurred in 

Chicago in 1995. The Chicago 1995 heatwave occurred over a 5-day period from July 12 

to July 16, with temperatures exceeding 100F for two consecutive days (Changnon, 

Kunkel, and Reinke 1996; Browning et al. 2006; Angel n.d.). This heat wave resulted in 

hundreds of people losing their lives due to exposure to extreme heat conditions 

(Semenza et al. 1996; Kaiser et al. 2007). Semenza et al. (1996) indicated that three of the 

main drivers of fatalities were: 1) pre-existing medical conditions, 2) lack of at-home air 

conditioning, and 3) social isolation. Some studies have found that an individual’s race 

played a role in heat-related mortality during the 1995 Chicago heat wave. Kaiser et al. 

(2007) found that the relative risk of heat-related death during this heat wave was higher 

for Black people than for White people. This result was consistent with a study of seven 

U.S. cities that found that Black people were more susceptible to heat-related mortality 

(O’Neill, Zanobetti, and Schwartz 2003).  
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Other places across the U.S. also face heat-related mortality. On the east coast of 

the U.S., New York City, New York, experienced higher mortality rates when the heat 

index reached 90°F or higher. Madrigano et al. (2015) found that non-Hispanic Black 

residents were more likely to be living with high blood pressure and without home air 

conditioning. In addition, they found that people receiving public assistance had a greater 

risk of heat-related mortality (Madrigano et al. 2015). Results from this study 

demonstrated that Black people and impoverished residents of New York City, especially 

those with prior medical conditions and without access to at-home air conditioning, had a 

high level of vulnerability to heat-related mortality.  

Research also has examined extreme heat conditions in the U.S. Southern Great 

Plains. Between 1990 and 2011, Johnson et al. (2016) found that 394 heat-related deaths 

occurred across Oklahoma, with the highest fatality rates during the years of 1998, 2006, 

and 2011. Extreme heat conditions in Texas also have been evaluated in Houston (Zhou 

et al. 2014; Zhang, Chen, and Begley 2015; Conlon et al. 2016; Hayden et al. 2017; 

Baniassadi, Sailor, and Olenick 2018; Marsha et al. 2018; Mortensen, Heaton, and 

Wilhelmi 2018; O’Lenick et al. 2020), Dallas (Harries and Stadler 1983, 1988; Gamble 

and Hess 2012; Winguth and Kelp 2013; C. Zhao et al. 2020), Austin (Quintana 2020; C. 

Zhao et al. 2020; Bixler et al. 2022; Lanza et al. 2022; Lanza, Alcazar, et al. 2023), San 

Antonio (Chang 2010; Boice, Garza, and Holmes 2018; Lasme et al. 2019; C. Zhao et al. 

2020), and other metropolitan areas (Li et al. 2022).  

In Summer 2008, Oklahoma City observed a record high temperature of 106°F for 

two consecutive days in August (Basara et al. 2010), which exceeded the ‘extreme heat 

days’ threshold. In a study of a heat wave in Oklahoma during July and August of 2008, 
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Basara et al. (2010) found that the urban core of Oklahoma City experienced warmer 

temperatures than its rural surroundings during the day and at night. By observing hotter 

temperatures than surrounding rural areas, Oklahoma City was characterized by an urban 

heat island effect which imposed greater risks to populations living in its urban center 

than in the suburbs.  

1.1.1. Projections of Extreme Heat 

Over recent decades, the U.S. has endured frequent flooding events, long-lasting 

drought events, more frequent and intensified hurricanes, more frequent heat waves, and 

record-breaking extreme temperature patterns that have been attributed, in part, to climate 

change (Marvel et al. 2023). Although international policy decision-makers, such as the 

Intergovernmental Panel on Climate Change (IPCC) and the United Nations (UN), have 

emphasized the importance of reducing climate change induced by human activity (IPCC 

2022; UN Environment Programme 2022), global climate models forced by both low and 

high greenhouse gas emission conditions project that the intensity, duration, and 

frequency of heat events are likely to increase (Vanos, Kalkstein, and Sanford 2015; Dahl 

et al. 2019; Martín and Paneque 2022). 

As the climate warms, not only are surface temperatures projected to increase 

(Almazroui et al. 2021), but the number of extreme events and their severity also is 

expected to increase (McInnes and Ibrahim 2010; Lay et al. 2021). Karl, Knight, and 

Baker (2000) found that the rate of warming of the globally averaged air temperature has 

increased during the 21st century, exceeding the average rate of warming from the 19th 

and 20th centuries. Models have projected that warm conditions are likely to increase in 

frequency and extreme values. For example, the south-central U.S. is expected to 
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experience an average daily high temperature that is 5°F warmer by 2050 if significant 

reductions in greenhouse gas emissions are not met (Dixon et al. 2020). As temperatures 

warm, climate projections also demonstrate that extreme heat events are expected to 

increase in intensity and frequency. According to Jahn et al. (2019), by 2050, the average 

number of days exceeding 100°F in the Great Plains will double in comparison to the 

1900s.  

In addition to the increase of intensity, duration, and frequency of extreme heat 

events, there are social concerns related to the most vulnerable demographic populations. 

Population projections estimate that the percentage of residents living in urban areas will 

increase from 81 percent in 2018 to 88 percent by 2050 (United Nations, Department of 

Economic and Social Affairs, Population Division 2019). As urban environments deviate 

from historical climate patterns, cities with expansive amounts of impervious-surface 

infrastructure may endure uncomfortably hot temperatures exacerbated by the lack of 

green vegetation (Li et al. 2015; Cui et al. 2019) The increase of heat risk in urban areas 

is exemplified by various projections of heat-related mortality in over 40 U.S. cities, 

which demonstrate at least a 70 percent increase by 2050 (3,190–4,748 excess deaths per 

summer, on average) compared to the 1990s (average of 1,840 excess deaths per 

summer) (Kalkstein and Greene 1997). 

1.1.2. Measuring Extreme Heat and Heat Vulnerability 

To measure extreme heat, there are several physical and meteorological 

indicators. Weber et al. (2015) employed temperature thresholds set by the National 

Oceanic and Atmospheric Administration (NOAA) as well as land surface temperatures 

and the normalized vegetation difference index (NDVI) captured by remote sensing to 
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study heat vulnerability. By using data collected by remote sensors, researchers can study 

heat vulnerability indicators at a high spatial and temporal resolution. While air and land 

surface temperatures provide an outlook for thermal comfort, other factors such as the 

NDVI can impact one’s thermal comfort due to evaporation cooling and shading; thus, 

other indicators related to extreme heat are percentages of tree canopy and impervious 

surface cover (Ziter et al. 2019).   

Although extreme heat is quantifiable, there are social issues associated with 

extreme heat conditions that can be characterized as qualitative and are influential to 

one’s thermal comfort. For example, Cui et al. (2019) state that urban landscape 

configuration, population, urban size, and other social aspects of urbanization can be used 

to measure heat vulnerability. Socioeconomic status also plays a role in one’s ability to 

overcome extreme heat conditions and has been used as a proxy for heat vulnerability in 

many studies. For example, people with lower socioeconomic status may have limited 

access to air conditioning or may not be able to afford mitigative or adaptive resources to 

combat urban heat. Families living in apartment complexes within areas with more 

development than vegetation may not have tree canopy and other landscape amenities 

available to provide shading or cooling.  

1.2.Impacts of Extreme Heat 

Extreme heat affects domestic and business infrastructure, including those 

providing energy. With nearly 90 percent of all buildings in the U.S. using electricity to 

power their air conditioners, electricity loads increase during extreme heat due to the 

large demand for cooling. Therefore, generating, distributing, and transmitting electricity 

becomes a challenge for homes and businesses (Jahn et al. 2019).  
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More than half of the U.S. transit-user population walks to public transit stops and 

stations and thus are exposed to the hazardous heat conditions outside while performing 

physical activity (Clark et al. 2017; Lanza and Durand 2021). According to Lanza and 

Durand (2021), high temperature extremes have a negative relationship with bus 

ridership. For example, public transit ridership decreased in Salt Lake City, Utah, when 

temperatures exceeded 73°F and bus stops were unsheltered; however, when bus stops 

provided cover from the rain or excessive temperatures, public transit ridership was 

higher than that of unsheltered bus stops (Miao, Welch, and Sriraj 2019).  

Thermal comfort represents the balance of the human response to temperatures in 

their environment. The level of thermal comfort experienced can be influenced by 

elements of the human body (e.g., metabolic rate, clothing) and its surrounding 

environment (e.g., air temperature, radiant temperature, humidity, wind speed). 

According to Yasmeen and Liu (2019), heat stress can vary based on environmental, 

physiological, and psychological factors. In addition, a person’s geographic location and 

individuality may cause variations in how different people experience their bodily 

relationship between thermal comfort and heat stress.   

One group of people that is notably vulnerable to extreme heat is senior citizens. 

The human body’s response to temperatures inducing heat stress, heat exhaustion, and 

heat stroke is to increase blood flow to the skin; however, cardiovascular challenges and 

lower fitness levels in older adults can negatively impact the body’s ability to regulate 

body temperature. In addition, having chronic medical conditions, such as Parkinson’s 

disease, renal diseases, and cognitive disorders, increases one’s risk to heat-related 

illnesses. Thus, senior citizens with health conditions that reduce their body’s ability to 
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regulate its thermal temperature are more vulnerable to heat-related illnesses (Hansen et 

al. 2011).  

1.2.1. Heat Inequity 

Research studies have found that historically marginalized people are most 

vulnerable to extreme heat conditions; these people include the following: 1) seniors, 2) 

youth, 3) outdoor workers, 4) people of color, 5) people with pre-existing medical 

condition (particularly those with cardiovascular diseases), 6) people living in lower-

income households, 7) people lack air conditioning at their place of residence, and 8) 

people with physical or mental disabilities (O’Neill, Zanobetti, and Schwartz 2003, 2005; 

Falk and Dotan 2008; Basara et al. 2010; McInnes and Ibrahim 2010; Hansen et al. 2011, 

2013; Sampson et al. 2013; Cui and Sinoway 2014; Mitchell and Chakraborty 2014; 

Madrigano et al. 2015; Riley et al. 2018; Broadbent et al. 2022). Many of these 

populations live in areas where the built environment (i.e., building infrastructure, 

sidewalks, and other man-made cement or impervious surfaces) exacerbates extreme heat 

conditions by absorbing the heat, instead of having trees and other vegetation (or green 

infrastructure) around to assist with cooling (Wilson 2020; Broadbent et al. 2022; 

Kalkstein et al. 2022). Thus, these frontline communities are left to deal with the heat 

conditions which may result in public health complications, high utility bills, and other 

social issues that can impede one’s quality of life. 

In a study evaluating modifiers of temperatures on human mortality, O’Neill et al. 

(2003) found that 1) death at a location other than a hospital, 2) race, and 3) educational 

level influenced heat-related mortality rates. Their results demonstrated that Black people 

and people with a high school education or less were more effected by heat-related 
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mortality. Finding that Black people were among the most heat-vulnerable populations 

was consistent with previous studies in Texas and Chicago (Greenberg et al. 1983; Kaiser 

et al. 2007). More recently, Mitchell and Chakraborty (2014) performed analyses that 

demonstrated that neighborhoods with higher population density of non-Hispanic Black, 

Hispanic, and Asian races were strongly correlated with warmer mean land-surface 

temperatures in Pinellas, Florida.  

Naughton et al. (2002) found in their study of the 1999 heat wave in Chicago that 

low-income individuals, seniors, people who lived alone, those who do not leave the 

house regularly, and lived on the top floor of a building had an increased risk of heat-

related mortality. Similarly, Semenza et al. (1996) found in their study of the 1995 heat 

wave in Chicago that people living alone, seniors, and people living on the top floor of a 

building experienced a greater risk of heat-related death. Their results also revealed that 

people with prior medical conditions and those utilizing public assistance programs (e.g., 

Meal on Wheels) were associated with greater heat-related mortality risk.  

Studies have found that minority groups including people without a high school 

education, low-income residents, adults aged 65 or older, and non-White individuals have 

a disproportionately greater risk of negative health outcomes from extreme temperature 

events (Curriero 2002; Medina-Ramón et al. 2006; Johnson et al. 2016; Lee and Brown 

2022; Sharpe and Wolkin 2022). In addition to lower socioeconomic status, 

underrepresented communities living in the center of cities often live in older residences 

with poor household infrastructure (Medina-Ramón et al. 2006). For example, many 

homes and apartment complexes in Oklahoma City do not have central air conditioning, 
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exacerbating heat conditions; therefore, these underrepresented groups face higher risks 

of heat-related illnesses and fatalities (Basara et al. 2010).  

According to Lee and Brown (2022), vegetation is a vital component of the urban 

landscape that reduces heat to offer health benefits. Neighborhoods consisting primarily 

of low-income households or minority families are disproportionately subjected to 

unsustainable land use practices, such as lesser urban tree canopy, that set limitations on 

underrepresented communities’ ability to conserve energy, reduce temperatures, and 

sequester carbon from the surrounding atmosphere (Koo et al. 2019). A restricted 

capacity for a low-income community to adapt to extreme heat due to disproportionately 

less green infrastructure, finite financial resources, and lack of access to air conditioning 

(AC) or transportation, increases their social vulnerability to heat; thus, they tend to be 

exposed to greater heat-related health risks (Dahl et al. 2019).  

Redlining has played a role here as well. Historically, it was initiated by the Home 

Owners Loan Corporation (HOLC), a government entity created to map mortgage 

security (Li et al. 2022). The HOLC graded neighborhoods and created maps that served 

to empower U.S.-born White families with financial assistance for home ownership 

(Hoffman, Shandas, and Pendleton 2020; Nowak, Ellis, and Greenfield 2022). The 

HOLC grades were calculated using variables that were biased and prejudiced, resulting 

in the HOLC maps defining locations of immigrant families, low-income households, and 

communities of color as “high risk” to prevent access to mortgage financing and 

homeownership. Today, this disparity is exemplified by how Class D neighborhoods, or 

neighborhoods that were redlined to indicate high risk, are characterized by dense 

development and lesser space for vegetation in many cities (e.g., Baltimore, Maryland), 
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whereas the Class A neighborhoods in cities mainly consist of single-family homes and 

spatial lots more capable of sustaining tree canopy (Li et al. 2022; Nowak, Ellis, and 

Greenfield 2022). 

Inequitable access to various amenities and resources also influences people’s 

ability to cool during extreme heat events. In a study of Phoenix, Arizona, Napieralski et 

al. (2022) found that the number of pools, amount of green and blue space, and percent of 

vegetated area decreased as social vulnerability levels increased. Lack of green and blue 

space was commonly noted by racially marginalized research participants in a research 

study conducted by Lanza, Jones, et al. (2023). The results from their interviews 

indicated that thermal comfort was negatively impacted by lack of shade from trees and 

lack of pools, splash pads, lakes, and rivers.  

Another amenity that influences people’s ability to cool during extreme heat 

events is air conditioning. On one hand, some people do not have access to air 

conditioners in their homes, which increases vulnerability levels to heat-related mortality 

(O’Neill, Zanobetti, and Schwartz 2005). On the other hand, some people from lower 

income households may struggle with the cost of running air conditioners in their homes. 

Many studies have found that research participants note that utility bills increase during 

extreme heat events (Lane et al. 2014; Lanza, Jones, et al. 2023; Diallo et al. 2024). For 

example, in their study of New York City (New York), Lane et al. (2014) found that 

some of their focus group participants discussed limiting their usage of air conditioning 

because of the cost of electricity.  

Lastly, various aspects of the public bus system also have an influence on people 

during warmer seasons. While waiting for the bus, the thermal comfort of bus riders may 
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be adversely affected (Lee and First 2023). As a result, bus ridership numbers may shift. 

For example, Lanza and Durand (2021) found that bus ridership decreased as 

temperatures increased. Similarly, Ngo (2019) found that extreme heat negatively 

influences bus ridership. In a study of bus riders’ perceptions of heat, field surveys 

revealed that many participants experienced thermal discomfort while at the bus stop 

(Dzyuban et al. 2022). This study also demonstrated that shade structures, trees, water 

drinking fountains, grass, and benches help people feel cooler during extremely hot 

conditions; however, the authors noted that benches expose people to the risk of skin 

burns if surface temperatures exceed skin burn thresholds. An effective method for 

lowering surface temperatures below skin burn thresholds was the provision of shade. In 

a study of Salt Lake City, Miao, Welch, and Sriraj (2019) found that bus shelters are 

associated with higher levels of bus ridership, which suggested that regular commuters 

and passengers exposed to extreme temperatures for long periods of time value sheltered 

bus stops.  

While bus shelters and other amenities can benefit bus riders, studies have 

discovered an inequitable distribution of bus shelters. In San Francisco, Moran (2022) 

found that bus shelters, seating, and clear curbs were more available in residential areas 

with mostly white residents than residential areas with more residents of color. In Los 

Angeles, nearly 67 percent of all bus stops have bus shelters; however, a disparity exists 

between incorporated and unincorporated areas (Yoon 2023). Another aspect of the 

public bus system that influences people in general are commutes to bus stops. Zhao et al. 

(2003) found that transit use decreased as walking distances increased. Hess (2012) also 

found that longer walks were associated with decisions to not utilize public transit. Some 
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studies have found that transit users commonly misperceive waiting time and walking 

distance (Hess 2012; Fan, Guthrie, and Levinson 2016). For example, Hess (2012) found 

that seniors often overestimated their perceived walking distance to bus stops.  

1.3.Extreme Heat Mitigation and Adaptation 

Extreme heat can be reduced in urban neighborhoods through a variety of heat 

mitigation methods, and communities or individuals can adapt to extreme heat through 

different strategies. According to the Environmental Protection Agency (EPA) (U.S. EPA 

2008), methods of mitigating extreme heat conditions in urban areas include the 

following: 1) adding trees and vegetation, 2) constructing green roofs or cool roofs, 3) 

replacing heat-absorbing pavements for “cool” pavements, 4) establishing or accelerating 

voluntary community efforts, and 5) being attentive to local and state policy initiatives.  

1.3.1. Individual Adaptation Actions 

There are many individual-level actions that people take to cope with extreme 

heat conditions and mitigate the potentially fatal consequences extreme heat can cause. 

Some studies have found that people alter the type of clothing they are wearing. For 

example, in California, one interviewee stated that they chose to wear short sleeve shirts 

and shorts to stay cool (Palinkas et al. 2022). In other cities across the U.S., both Lane et 

al. (2014) and Sheridan (2007) found that participants of their studies stated that they 

wear lighter clothing to help them stay cool during extreme heat events. In addition, both 

studies found that people stay hydrated by drinking water to protect themselves from the 

risks associated with extreme heat. Similarly, in Phoenix (Arizona), respondents to field 

surveys revealed that people stay hydrated and carry more water when waiting at or 

walking to bus stops during summer heat (Dzyuban et al. 2022). 
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In addition to staying hydrated and modifying clothing, studies have showed that 

people will choose to stay indoors (Sheridan 2007; Lane et al. 2014; Lanza, Jones, et al. 

2023; Diallo et al. 2024). In New York City (New York), focus group participants 

discussed going to a cooling center or staying at home during extreme heat events (Lane 

et al. 2014). During extreme heat events in Baltimore (Maryland), people reported 

altering their daily routines to avoid thermal discomfort (Diallo et al. 2024). More 

specifically, the authors of the study in Baltimore found that people were less likely to go 

get groceries or perform outdoor activities. As a result, interviewees shared that they felt 

less productive and more rushed to complete responsibilities. Similar results were found 

in a study of Austin (Texas), where interviewees discussed avoiding the hottest times of 

the day and minimizing their time outside (Lanza, Jones, et al. 2023). Dzyuban et al. 

(2022) also found that people chose to travel at different times during the day, earlier or 

later, to avoid the peak temperatures. Lastly, Sheridan (2007) found that many survey 

respondents reported avoiding outside and direct sunlight. In addition, they found 

respondents indicated that they remained in an air-conditioned location.  

Another common coping strategy involves shielding sunlight from penetrating 

windows by closing blinds, shutters, or curtains. For example, in Cologne, Germany, 

researchers found that all of their study participants had access to shading equipment and 

most of them used the equipment to help them cool (Kemen et al. 2021). In a survey 

study of primary school teachers in India, researchers found that most of the study 

participants recommended curtains or blinds be provided in classrooms to block sunlight 

and assist with cooling (Lala and Hagishima 2023). In California, researchers found that 

15



some interviewees reported their behavioral response to extreme heat events was to close 

windows, curtains, or blinds (Palinkas et al. 2022).  

1.3.2. Urban Greening 

Increasing the number of trees and other types of green infrastructure in urban 

areas has been notably addressed in various sources of literature. For example, some 

cities in the U.S., such as Oklahoma City, Oklahoma, have set goals for mitigating risks 

associated with extreme heat by publishing city plans with strategies for adapting to 

climate change and conducting analyses of city tree coverage (City of Oklahoma City 

Parks and Recreation Department, Oklahoma City Community Foundation, and 

Oklahoma Forestry Services 2016; City of Oklahoma City Planning Department 2020). 

Federally, the EPA (2008) has noted that trees offer the following benefits: decreased 

energy use, reduced temperatures, lessened maintenance costs, and the reduction and 

filtration of stormwater runoff. Urban forestry can also lower the impacts of noise 

(Nowak, Ellis, and Greenfield 2022), which benefits peoples’ hearing as well as their 

general quality of life. Additionally, costs of electrical cooling are also reduced by the 

shade provided by vegetation, cooling temperatures of external surfaces (Akbari et al. 

1997). Lastly, the EPA (2008) also indicates that trees improve air quality and human 

health. Through the transpiration process, trees can lower air temperatures and lessen the 

effects of air pollutants (Nowak and Heisler 2010).  

1.3.2.1. Green and Cooling Infrastructure 

Green roofs are building rooftops that are covered with vegetation to assist with 

mitigating the UHI effect. The vegetation on top of roofs not only absorbs the sun’s rays 
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to reduce surrounding temperatures in the environment, but it also serves as a mitigator of 

stormwater runoff (Piracha and Chaudhary 2022). An alternative to green roofs is green 

walls, which consist of vegetation on the outer surfaces of buildings. Implementing green 

walls as a UHI mitigation strategy is especially beneficial for buildings with rooftops that 

are characterized by steep slopes or composed of equipment that resist the installation of 

vegetation. Green walls can also serve as a method of improving air quality because 

vegetation absorbs air pollution (Piracha and Chaudhary 2022). 

Another type of cooling infrastructure is cool roofs that use reflective or “cool” 

materials (e.g., elastomeric, acrylic) that have high values of solar reflectance and high 

infrared emittance. Many studies have found that using “cool” surfaces reduce 

temperatures in the lower atmosphere (Roman et al. 2016; Zhang et al. 2018; Mushore, 

Odindi, and Mutanga 2022). According to Synnefa, Santamouris, and Livada (2006), 

architects have found that reflective color coatings on buildings can help reduce building 

thermal loads. Taleghani (2018) indicates the high level of reflectivity from cool rooftops 

helps to reduce costs of energy for cooling and improves thermal comfort for people 

within a building. In addition, the thermal stress level of cool roofs is low, thus expanding 

the longevity of cool roofs. Although surfaces composed of “cool” materials can reduce 

surrounding air temperatures during the day, temperature reductions at night are less 

commonly found (Synnefa, Santamouris, and Livada 2006).  

1.3.2.2. “Cool” and Permeable Pavements 

Similar to “cool” roofs, “cool” pavements use reflective materials to reduce 

outdoor surface temperatures and decrease heat absorption into surfaces (Ferguson et al. 

2008). Because pavements absorb and store solar radiation, as well as release it as 
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infrared radiation, asphalt and black-top concrete can increase surrounding atmospheric 

temperatures (Asaeda, Ca, and Wake 1996). To learn how “cool” pavements and surfaces 

influence the surrounding environment, Sen et al. (2019) modeled the relationship 

between pavement surface temperatures and urban air temperatures in Phoenix, Arizona. 

Their results demonstrated that replacing asphalt pavements with reflective concrete 

pavements decreased air temperature. Another study also showed that pavements with 

higher reflectance rates are associated with lower daytime near-surface air temperatures 

than pavements with lower reflectance rates (e.g., asphalt) (Li et al. 2013). Other studies 

have revealed, however, that reflective roofs and walls were more effective at reducing 

air temperature in an urban heat island than were reflective pavements (Sen et al. 2019). 

An alternative to using “cool” pavements emerging in some communities is the reduction 

of paved surfaces by lowering parking space requirements, narrowing street width 

requirements, and incentivizing multi-level parking lots (Ferguson et al. 2008).  

In addition to “cool” or reflective pavements, there are permeable and water-

retentive pavements that help to reduce pavement surface temperatures through the 

evaporation of water (Santamouris 2013). According to Lui, Li, and Peng (2018), 

evaporation-enhancing permeable pavements can cool surface temperatures of pavements 

and contribute to the mitigation of the urban heat effect. In addition, Li et al. (2013) 

found that permeable asphalt pavement lowered near-surface air temperatures.   

1.3.3. Voluntary Community Efforts 

There are several different methods for establishing and accelerating voluntary 

community efforts to reduce the impacts of extreme heat. One method involves 

demonstrating a specific heat island mitigation strategy to reveal its benefits and educate 
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people on how to replicate the strategy. To attract attention to demonstration projects, the 

project must be highly visible to community members (Cole et al. 2008). For example, in 

2004, the American Society of Landscape Architects (ASLA) installed a green roof on 

top of their headquarters building in Washington, D.C., to demonstrate the environmental 

benefits of green roofs (ASLA 2011). Their research findings showed that green roofs 

reduced costs associated with building operations, extended the life of the rooftop, 

increased property values, and decreased lifelong costs for the roof.  

Governments, utility companies, and other organizations can provide incentives 

for community members to perform heat-island reduction actions. Example incentives 

include tax breaks, product rebates, grants, below-market loans, and giveaways. Although 

many incentive programs are offered across the world, the majority of programs exist in 

North America and Europe (Liberalesso et al. 2020). In Pennsylvania, for example, the 

Philadelphia Zoning Code offers the Green Roof Density Bonus, which provides 

exceptions to specific residential density rules for those installing green roofs 

(Philadelphia Water Department 2024). Also, to reduce the cost of monthly stormwater 

bills, Philadelphia offers the Stormwater Billing Fee Credits for eligible installed green 

roofs. In Chicago (Illinois), a suite of incentive programs is offered by the city’s 

Department of Buildings to encourage developers to design buildings with environmental 

elements, such as green roofs (Kazmierczak and Carter 2010). These programs include 

the Green Permit Program, the Green Roofs Initiative, the Green Roof Improvement 

Program, and the Green Homes Program.  

Tree planting and urban forestry initiatives are another form of voluntary 

community efforts that can help to mitigate the heat island effect. For example, in 
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Sacramento (California), to assist with the reduction of urban temperatures, the 

Sacramento Municipal Utility District (SMUD) provides free shade trees to customers 

(SMUD 2024). The Free Shade Tree Program has planted over 600,000 shade trees 

around the city of Sacramento. Some states offer grants to support urban forests (Cole et 

al. 2008). In particular, the State of Wisconsin provides opportunities for cities, towns, 

villages, non-profit organizations, counties, and tribes to receive four different types of 

grants for urban forestry initiatives (Wisconsin Department of Natural Resources n.d.). 

Some afforestation projects in urban areas focus on underserved communities, such as 

low-income populations, where there is limited tree cover available (Cole et al. 2008). 

The Community Forest Revitalization Program in Virginia encourages collaboration 

between local governments and residents to execute and maintain community forest 

projects in underserved communities (Virginia Department of Forestry n.d.).  

Another way to support low-income residents and other underserved communities 

is by coordinating weatherization programs. The U.S. Department of Energy provides 

states with weatherization funding to assist people with heating bills and lower energy 

costs by investing in energy efficient actions (Cole et al. 2008). In addition, the funds can 

be used for the installment of efficient cooling measures, including screens and shading 

equipment. For example, in Philadelphia, the Energy Coordinating Agency pilot tested 

their Cool Homes Program to address the heat-related health risks experienced by low-

income senior residents (Michael Blasnik 2004). From 2001 to 2004, the Cool Home 

Program served nearly 400 senior households by coating rooftops white, insulating roofs, 

and performing other similar weatherization measures to reduce the amount of heat 

gained within participants’ homes.  
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Vital to comprehensive voluntary community efforts are outreach and education 

programs (Cole et al. 2008). For example, in Utah, TreeUtah offers Tree Planting Grants 

that K-12 schools can apply for (TreeUtah n.d.). Recipients of the Tree Planting Grants 

receive a curriculum to educate students on the importance of trees as well as tools, trees, 

and mulch to plant trees. Lastly, awards may be given by governments, local 

organizations, and corporations to reward, spotlight, and promote public and private 

solutions to the urban heat island effect (Cole et al. 2008). In particular, the Green Roofs 

for Health Cities non-profit organization based in North America grants the Green Roof 

& Wall Awards of Excellence to recognize excellence in design and installation of green 

roofs and green walls (Green Roofs For Healthy Cities n.d.).  

1.3.4. Local and State Policy Initiatives 

There is a range of local and state policy initiatives that promote the mitigation of 

urban heat island effects. Some governments’ mitigation strategies involve procuring 

technologies that support cooling in municipal buildings. In Tucson (Arizona), for 

example, the local government mandates that newly constructed roofs and replacement 

roofs for city facilities incorporate “cool” roofing materials. Another policy effort is the 

development of resolutions (or documents) to declare a group’s acknowledgement of 

their awareness of or interest in an issue (Cole et al. 2008). The Annapolis (Maryland) 

Energy Efficiency Resolution was adopted in 2006 to set goals for building planning, 

design, and construction that promote sustainable development and support the mitigation 

of heat island effects (U.S. EPA 2023a).  

Similar to resolutions are ordinances which can also be enacted by local 

governments. To reduce the impacts of a heat island, local governments have passed tree 
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and landscape ordinances that govern how to protect trees, plant and remove street trees, 

and shade parking lots. In Orlando (Florida), a local ordinance was established to 

mandate that street trees be planted along public and private streets. Aside from 

resolutions and ordinances, many localities and states have released comprehensive plans 

and design guidelines to encourage the reduction of extreme heat. While comprehensive 

plans include policies, goals, and objectives set by local governments to manage 

conservation and development efforts, design guidelines support comprehensive plans by 

implementing regulations (Cole et al. 2008). An example of a design guideline can be 

demonstrated by the “ecoroof” design requirements set by Portland (Oregon). The City of 

Portland enforces a number of requirements for vegetated rooftops, such as specific soil-

depth rules, to support goals for managing stormwater (City of Portland n.d.). Another 

example of a design guideline is zoning codes. Zoning codes are connected to 

comprehensive plans by implementing their goals and objectives (Cole et al. 2008).  

Aside from zoning codes, there are building codes that are also adopted by local 

and state governments to set standards for construction, alteration, and repair of 

buildings. As a subset of building codes, energy codes also guide the requirements and 

standards for buildings as pertaining to energy usage and conservation. For example, the 

states of Georgia and California incorporated cool roofs into their energy codes. Lastly, 

governments can implement air quality requirements to control emissions and reduce air 

pollution in hopes of attaining national ambient air quality standards. Each state has a 

federally approved State Implementation Plan to dictate how the state will achieve and 

maintain federal standards for air quality (Cole et al. 2008). 

1.4.Summary 
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Extreme heat is a phenomenon that is projected to increase in intensity, duration, 

and frequency as climate changes. Although the negative consequences of extreme heat 

affect everyone, certain individuals and communities, such as senior citizens, people of 

color, people without a high school education, and people living in poverty, 

disproportionately face the risks associated with extreme heat. Heat mitigation and 

adaptation actions are available, but their implementation requires knowledge of the 

community at risk. For this study, I examine how extreme heat impacts historically 

marginalized communities living in the northeast quadrant of Oklahoma City, Oklahoma. 

Chapter 2 overviews the data collection and analysis methods for this project. Then, 

Chapter 3 details the findings from the analyzed data. Chapter 4 discusses how the 

findings support results from other studies and Chapter 5 summarizes the study. 
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Chapter 2: Data and Methods

In Oklahoma City, Oklahoma, residents are faced with summer temperatures 

exceeding 32.2°C (90°F) for multiple days, weeks, or months at a time. Climate 

projections demonstrate that Oklahoma is expected to see an increase in annual average 

temperatures, more extremely hot days, and intensified drought conditions (McPherson et 

al. 2023). Human fatalities and co-morbidities associated with extreme heat may be a 

concern for residents of Oklahoma City because, according to the Oklahoma City County 

Health Department (OCCHD), Oklahoma City-County's age-adjusted death rate resulting 

from chronic lower-respiratory disease was 61.7 per 100,000 people, which is greater 

than the national rate of 40.4 (OCCHD 2021, 98). Hence, this population is at relatively 

high risk when extreme heat occurs. 

Research from Basara et al. (2010) discusses the risk that vulnerable populations, 

such as adults aged 65 or older and minority races, living in the urban core experience 

due to the exacerbation of extreme heat conditions by older or low-income housing 

structures. Although social vulnerability associated with race, age, home renting, and 

socioeconomic status is discussed by Basara et al. (2010), the distribution of those 

socially vulnerable populations across the city was not considered. This gap led to my 

research questions:  

A. How do extreme heat conditions influence the lives of people living in

Oklahoma City neighborhoods identified by significant social vulnerability?
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B. What are the best practices for mitigating heat stress that can be implemented

in Oklahoma City without harming the natural and social landscape that

already exists?

In this section, an overview of the methods will be provided. I first created maps 

to identify socially vulnerable populations in Oklahoma City; thus, the chapter will start 

with a description of the mapping component of this project. Then I discuss the 

qualitative data collection process, encompassing information relating to the Institutional 

Review Board process, the recruitment process for the focus group discussions, and the 

facilitation process for the focus group discussions. The third section details the three 

steps in the data analysis process before defining the validation process for this study in 

the final section.  

2.1.Mapping Vulnerability 

To identify specific areas within Oklahoma City that are most vulnerable to 

extreme heat (as described in prior literature), I mapped various socioeconomic variables. 

Maps were created using the Environmental Protection Agency’s (EPA) EJScreen and 

the Centers for Disease Control and Prevention’s (CDC) Social Vulnerability Index 

(SOVI).  

EJScreen is an environmental justice screening and mapping tool that allows users 

to overlay environmental, demographic, and socioeconomic indicators throughout the 

U.S. The EPA recommends that users explore EJScreen as an initial step of evaluating 

environmental injustice. Users of EJScreen can study geographic areas at various units of 

analysis, including at the block, census block, census tract, county, state, and national 
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levels. While EJScreen provides researchers with the ability to map where environmental 

justice concerns may exist, it is important to note that the screening tool is not 

comprehensive in incorporating all aspects of environmental justice and therefore cannot 

be used to directly identify environmental justice communities. In addition, EJScreen 

uses estimates based on historical data; thus, there is uncertainty in the data because it 

does not reflect current or future conditions. More data uncertainty exists for smaller 

geographic areas, therefore it is recommended that users summarize data for larger 

geographic areas (U.S. EPA 2023b).  

SOVI is a national index that summarizes social vulnerability data for every 

census tract in the U.S. The CDC defines social vulnerability as possible negative 

impacts on human health caused by natural and man-made stressor events (CDC 2024a). 

SOVI uses data from the U.S. census to rank the social vulnerability of each census tract. 

To rank each census tract, 16 social factors are grouped into four themes. Each theme is 

ranked for each census tract, then an overall ranking is provided. Some of the social 

factors considered for the four themes include access to transportation, poverty, and 

housing composition (CDC 2024b). The four themes are socioeconomic status, household 

characteristics, race and ethnic minority status, and housing type/transportation. Although 

data are provided for the years the census is collected, intercensal years can experience 

rapid rates of change in population, housing development, and relocation. For example, 

during Hurricane Katrina people were relocated for housing renovations; thus, data from 

the 2000 census was an inaccurate representation of 2005. An additional limitation 

involves the lack of consideration of where people perform activities outside of their 
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home, such as work. Since SOVI is calculated using limited data, the calculation of social 

vulnerability may not fully represent a census tract’s vulnerability (Flanagan et al. 2011). 

To identify areas to study for this project, maps were created using socioeconomic 

indicators of environmental justice in EJScreen (Figs. 2.1 and 2.2). I found that the near 

northeast and near southwest regions of Oklahoma City were most vulnerable to extreme 

weather events, such as extreme heat. After mapping the national percentiles of low-

income and people of color indicators in EJScreen, I found that most census tracts within 

Oklahoma County characterized by national percentiles between 95 and 100 (colored red) 

were in the northeast and southwest region. EJScreen defines their people-of-color 

indicator as the percent of people in a block group who identify as a race other than 

White including Black, Asian, Native American, Hispanic, and multiracial individuals. 

The low-income indicator is defined as the percentage of individuals with household 

income to poverty level ratios less than two during the past 12 months (U.S. EPA 2024). 

The national percentile of people of color in Oklahoma County (Fig. 2.2) showed 

that two census tracts in the northeast area and one census tract in the central area were 

identified as in the 95th and above percentile. On the other hand, the low-income indicator 

(Fig. 2.2) showed that more than four census tracts were in the northeast and southeast 

areas of the county and characterized by the 95th percentile and above.  
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Figure 2.1. Map from the EPA's Environmental Justice Screening and Mapping Tool 

demonstrating the distribution of people of color, a socioeconomic indicator, throughout 

Oklahoma City using national percentiles. The various shadings of gray represent 

national percentiles ranging from less than 50 to 80, whereas yellow represents the 80 to 

90 national percentiles. Orange represents the 90 to 95 national percentiles while red 

represents the 95 to 100 national percentiles.  
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Figure 2.2. Map from the EPA's Environmental Justice Screening and Mapping Tool 

demonstrating the distribution of low-income, a socioeconomic indicator, throughout 

Oklahoma City using national percentiles. The various shadings of gray represent 

national percentiles ranging from less than 50 to 80, whereas yellow represents the 80 to 

90 national percentiles. Orange represents the 90 to 95 national percentiles while red 

represents the 95 to 100 national percentiles. 

To ensure that the socioeconomic indicators of environmental justice represented 

socially vulnerable communities, maps were generated using SOVI data from 2020. 

When mapping with SOVI, I layered the socioeconomic status (Fig. 2.3) as well as the 

race and ethnic minority status themes (Fig. 2.4). The socioeconomic status layer 

demonstrated that there were census tracts in every quadrant of Oklahoma County with 
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high social vulnerability rankings; however, most census tracts were located in the 

northeastern and southern areas of the county. The race and ethnic minority status layer 

also demonstrated that census tracts in the southern and northeastern areas of the county 

were ranked with high (dark purple) social vulnerability. 

Figure 2.3. Map from the CDC's SOVI demonstrating the distribution of socioeconomic 

status throughout Oklahoma City using the national comparison. Social vulnerability is 

ranked as low (off-white), low-medium (light green), medium-high (light-medium green), 

and high (dark green). 
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Figure 2.4. Map from the CDC's SOVI demonstrating the distribution of racial and 

ethnic minorities throughout Oklahoma City using the national comparison. Social 

vulnerability is ranked as low (off-white), low-medium (lavender), medium-high (light 

purple), and high (purple). 

After identifying socially vulnerable regions of Oklahoma City, I contacted 17 

organizations serving those localities to begin stakeholder engagement for focus group 

recruitment. Many of the organizations either did not respond to the communication or 

could not contribute to the project due to various reasons, such as not being able to speak 

about extreme heat issues, not having constituents to suggest speaking with, or having 

constraints on time availability. Of the 17 organizations contacted, three contributed to 

recruiting the focus groups: RestoreOKC, the Boys and Girls Club, and the Reach 

Forward Foundation (Reach Forward).  

RestoreOKC is an organization with a mission to achieve restorative justice and 

equity for the northeastern community of Oklahoma City by assisting community 

members with employment, housing, environment, and school issues (RestoreOKC n.d.). 

To help with community development, RestoreOKC has four programs: 1) Restore 

Farms, 2) Restore Jobs, 3) Restore Schools, and 4) Restore Homes. Leadership at the 

Restore Schools program at RestoreOKC connected me with the Boys and Girls Club of 

Oklahoma County (BGCOKC), which is one of their partner organizations. The Boys and 

Girls Club is a youth-focused organization focusing on academic success, overall health 

wellness, and character development. To assist families with positive youth development, 

the BGCOKC has youth centers across Oklahoma County (BGCOKC n.d.); however, for 
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this project, I worked only with the BGCOKC youth center in the northeast community (a 

direct partner of RestoreOKC).  

The last organization I worked with was Reach Forward, a nonprofit organization 

that provides career and educational support to youth living in the Oklahoma City 

Metropolitan Area. Through community engagement activities, workshops, and 

mentorship opportunities, Reach Forward empowers children in middle and high school 

and assists with their development of life and social skills (Reach Forward Foundation 

n.d.).

The census tract encompassing the RestoreOKC service area was characterized by 

high social vulnerability and composed of a large population of people of color. The 

EPA’s EJScreen demonstrated that the population of people of color in that census tract 

was in the 95th to 100th national percentiles. The CDC’s SOVI demonstrated that the 

census tract was characterized by high social vulnerability with respect to racial and 

ethnic minority status. Using these metrics, I proceeded to select this census tract and 

partnered with RestoreOKC to recruit focus groups for data collection to answer my 

research questions. 

2.2.Participant Recruitment and Data Collection 

 I now describe the steps taken to recruit participants and facilitate focus group 

discussions. First, to explain why focus groups were selected for this study, I will 

describe the importance of focus groups. Then, to address how the project met ethical 

standards and protected the rights of participants, an overview of the research proposal 

submitted to the Institutional Review Board (IRB) is provided. Third, I detail the 
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participant recruitment process and highlights information about the participant samples 

for each focus group. Lastly, I explain the steps taken to prepare for the focus groups 

discussions and moderate the conversations, respectively.  

2.2.1. Focus Groups 

With the rise of participatory research, focus groups have become a more 

common approach to qualitative data collection. Focus groups, like one-on-one 

interviews, allow for discussions to occur; however, focus groups differ from interviews 

in a number of ways that were helpful for my research. During a focus group, the 

researcher moderates or facilitates a conversation between participants instead of serving 

as a participant in the discussion (Nyumba et al. 2018). Focus groups also differ from 

one-on-one interviews in that focus groups allow for researchers to study interpersonal 

dynamics among participants in addition to learning participants’ perspectives on a given 

topic (Guest et al. 2020). According to Onwuegbuzie et al. (2009), focus groups offer an 

open, non-threatening environment for participants to discuss perceptions, ideas, 

opinions, and thoughts. 

Participants in a focus group are usually selected through purposive sampling  

whereby the researcher recruits potential participants who most likely can provide 

information that is appropriate and useful for the study (Rabiee 2004; Campbell et al. 

2020). Through purposive sampling, the researcher selects people with similar 

characteristics, such as age, occupation, and socioeconomic status, to ensure participants 

feel comfortable speaking to the researcher and other participants (Rabiee 2004).  

2.2.2. Institutional Review Board 

33



To conduct the focus group method of data collection, I submitted a research 

proposal to the IRB at the University of Oklahoma to ensure my research was ethically 

sound. I did not identify any immediate risks or benefits for research participants. To 

inform adult participants of their risks, rights, and benefits for participating in the study, 

the project required written and verbal consent from participants older than 18 and 

written and verbal assent for youth participants between 12 and 18. Media release forms 

were also collected to authorize the researcher to take pictures and record video of the 

discussion. 

I obtained parental consent and child assent prior to facilitating the youth focus 

group. To allow children to participate in research projects, guardians must fill out 

parental consent forms, which are written and signed documents stating a child has 

permission to be a research participant. Like parental consent forms, child assent forms 

ensure the child participants are willing to be a part of the study and understand what will 

be expected of them. All consent forms and media release forms were signed prior to 

conducting all focus groups to comply with ethical standards set by the IRB. The IRB 

number for this study is 14938. 

For the focus group interactions, I used personal devices, including phones and 

laptops, to record the conversation. I adhered to the confidentiality guidance from the 

IRB by securely transferring all recordings to a private cloud drive where only the IRB-

approved researchers had access. In addition, recordings were removed from personal 

devices.  

2.2.3. Participant Sample and Recruitment 
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The sampling method for participation in focus groups was a mix of purposeful 

and snowball sampling. I worked with personnel at RestoreOKC to recruit focus-group 

participants. Meetings provided an opportunity for the researchers and RestoreOKC staff 

to identify strategies to recruit participants. Based on prior research, I identified five 

different populations that are socially vulnerable to extreme heat. The five groups were 

presented to RestoreOKC leadership, which agreed, were as follows: 1) youth, 2) seniors, 

3) community leaders, 4) outdoor workers, and 5) mixed-aged adults. Although I planned

to host all five groups in conversations about extreme heat, only four groups were 

engaged due to limited time.  

To ensure a dynamic dialogue among focus group participants, RestoreOKC staff 

members suggested we recruit participants from their Community Action Team (CAT) 

and farm interns, resulting in two focus groups. The farm interns provided a sample of 

nine youth participants, ages 14 to 18 years old, who worked outdoors during the summer 

months. The CAT provided a sample of eight mixed-aged adults ages 18 or older. (One 

of the CAT participants was a mother with a young child who had to leave the 

conversation shortly after it started.) The CAT focus group consisted of both mixed-aged 

adults and community leaders, where all but two of participants identified as senior 

citizens. In addition, one participant from the CAT identified as an outdoor worker while 

another participant identified as a former worker of a utility company. Hereafter, I will 

refer to this focus group as the mixed-aged focus group. 

Due to the lack of age diversity for the CAT focus group, I conducted a second 

focus group for mixed-aged adults. For this group, each of the nine consenting 

participants worked for local non-profits to help with empowering underserved youth in 
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the community. To recruit a diverse pool of participants for the community leaders’ focus 

group, I hosted three three-hour recruitment sessions during March with the BGCOKC 

local to Northeast OKC to recruit parents and guardians throughout the community. The 

days/times of the weeks when the recruitment took place were strategically selected after 

conversing with the BGC staff about when most child pick-ups occur. Hereafter, I will 

refer to this focus group as the community leaders’ focus group. 

Lastly, for the senior focus group, we recruited seniors in the community who 

attended a local senior center. After setting up a table and explaining the research project 

on three separate occasions, we were able to obtain a list of 33 interested seniors willing 

to participate in the conversation. To ensure the focus group occurred when many of the 

interested seniors were available, we coordinated with seniors to schedule the time of the 

discussion. The senior focus group comprised 13 participants; however, about half had to 

leave halfway through the discussion due to transportation conflicts and the length of the 

meeting. 

Table 1 lists the four focus groups, the number of participants, where the focus 

group was held, and the duration of the discussion. 

Focus Group 
Number of 

Participants 
Location Duration 

Youth 9 RestoreOKC 
1 hour and 

2 minutes 

Mixed-aged Adults 7 RestoreOKC 
1 hour and 

18 minutes 

Seniors 14 Senior Center 
1 hour and 40 

minutes 
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Community Leaders 9 Boy and Girls Club 
1 hour and 

23 minutes 

Table 1. The number of participants, location, and the duration of the focus group 

dialogue for each of the four focus groups conducted for this study. 

2.2.4. Focus Group Facilitation 

Before conducting the focus groups, questions were drafted by the researchers and 

reviewed by the IRB. In addition, I prepared a script to help moderate the conversation. 

The focus group questions were listed under five separate categories: 1) introduction, 2) 

past experiences, 3) awareness and prevention, 4) housing conditions, and 5) futurity. 

Appendix A lists the questions and Appendix B provides the facilitation script. In the 

introduction category, the questions focused on general information about the participants 

and memories of their experiences with heat during the previous summer. Participants 

were then asked to share their experiences with extreme heat conditions and how they 

acted in response to extreme heat. Following their discussion on their past experiences 

with extreme heat, I asked the participants how they learned of heat conditions and the 

impacts heat can cause. Next, I asked questions about how equipped everyone’s housing 

was to deal with extreme heat conditions. Lastly, I inquired about potential solutions to 

improve the community’s capacity for recovering from and responding to extreme heat.  

The focus groups were facilitated in a semi-structured format to allow for 

flexibility in how the participants responded to the questions. Key questions were 

outlined prior to the date of the focus group sessions and potential follow-up questions 

were listed to collect specific details pertaining to the key questions’ theme; however, 

impromptu questions were also asked during the focus group discussion to clarify 
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participants’ points. Although key questions were open-ended, some of the impromptu 

follow-up questions were closed-ended to ensure clarification.  

The mixed-aged adults, youth, and senior focus groups took place in Fall 2022, 

and the community leaders focus group took place in Spring 2023. To allow participants 

to meet in a familiar location, focus groups were held where they met regularly for their 

work, leadership, or social activities in northeastern Oklahoma City. The youth and 

mixed-aged adults focus groups were held at the RestoreOKC center, while the senior 

focus group was held at the local senior center where participants were recruited from. 

The community leaders focus group took place at the local Boys and Girls Club.  

The senior focus group required two meetings; one meeting to go over the consent 

paperwork and a second meeting to conduct the actual discussion. For the youth 

participants, consent paperwork was completed prior to the scheduled focus group 

discussion to allow for parents to return the forms back to the researcher. Consent 

paperwork for community leaders and mixed-aged adults was filled out before the audio 

and video recordings for the discussion started. Each focus group discussion was 

recorded with audio and video; however, for the community leaders and senior focus 

groups, only part of the discussion was recorded with video due to limited resources. 

Each focus group discussion was then transcribed. The youth, senior, and mixed-

aged adults focus group discussions were transcribed and anonymized by the primary 

researcher. Due to limited time, the community leaders focus group was transcribed by an 

external transcription service, Datagain. The transcription for community leaders was 

reviewed by the primary researcher to confirm accuracy in the dialogue.  

2.3.Data Analysis 
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For this study, I employed an inductive thematic analysis to provide a rich 

description of the data. Thematic analysis is an analytic method used by qualitative 

researchers to convey themes or patterns that have been identified and analyzed in data. 

Inductively conducting thematic analysis allows themes to emerge from the data, rather 

than configuring data to fit into pre-conceived themes identified by the researcher (Braun 

and Clarke 2006). According the Braun and Clarke (2006), there are six steps in the 

thematic analysis process: 1) familiarization with the data, 2) developing initial codes, 3) 

identifying themes, 4) reviewing themes, 5) defining and naming themes, and 6) 

reporting how themes answer research questions. For this study, I familiarized myself 

with the data by transcribing discussions and reviewing transcriptions prior to the initial 

coding process. When developing initial codes and identifying patterns within the data, I 

employed the open, axial, and selective coding strategy. Open, axial, and selective coding 

is an process, where the researcher interacts with the data through practice of comparison, 

applied data reduction, and consolidation (Williams and Moser 2019). In the sections 

below, the open, axial, and selective coding processes employed in the study are detailed.  

2.3.1. Open coding 

The open coding process was done using the NVivo software program to help 

with organization of data. The first step in the thematic analysis process consists of 

deriving short annotations to classify excerpts from the transcription (Williams and 

Moser 2019). During this stage of analysis, quotes from the transcript were identified as 

relating to a single word or a short sequence of words to assign concepts to specific 

content discussed during the focus groups. There was a total of 121 initial codes created 

during the open coding process.  
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2.3.2. Axial coding 

After open coding in NVivo, all codes were transferred to an Excel spreadsheet to 

continue the second and third steps of the coding process. The second stage in the coding 

process is known as axial coding. To prepare for the selective coding stage, axial coding 

consists of refining, aligning, and categorizing initial codes to generate themes (Williams 

and Moser 2019). During the axial coding process, I identified excerpts from the 

transcripts that connected to multiple open codes. I employed a constant comparison 

method (Williams and Moser 2019) when analyzing text from the transcripts to ensure 

consistency between the axial-coded data for all four focus groups. During the axial 

coding process, comparing and contrasting between the data was done to allow for major 

codes to emerge. Comparison was conducted within each separate focus group transcript 

to allow for nuances to present themselves throughout the data analysis process. For 

example, if an excerpt was open coded as “air conditioning (AC)” but it also related to 

“bills,” then the codes were combined, and a new code (an axial code) was created to 

encompass the meaning of both open codes.  

2.3.3. Selective coding 

After axial coding, I conducted the third and final stage of analysis, selective 

coding. During the selective coding stage, data are further refined and defined. In 

addition, main theme categories are selected (Williams and Moser 2019). During the 

selective coding phase, I solidified themes and respectively assigned them to the data. To 

ensure that themes were derived from the axial codes, categories were consolidated into 

themes which were listed before the selective coding process.  

2.4.Validation 
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Validation is a method employed to ensure the research is credible and reliable. 

Creswell and Miller (2000, 124) define validity as the accuracy and credibility of how 

participants social realities are represented by the researcher. Although validity is more 

commonly associated with quantitative research, Hayashi, Abib, and Hoppen (2019) 

share a processual approach to establish validity in qualitative studies, providing an 

outline of how researchers can validate their study while conducting various stages of 

research. 

Before collecting data, Hayashi, Abib, and Hoppen (2019) emphasize the 

importance of pilot testing and gaining exposure to a community or being immersed in 

the field. For this study, I immersed myself in the field prior to collecting data by 

volunteering for several RestoreOKC events and networking with organizational 

volunteers and leaders. A pilot focus group was conducted with the youth participants, as 

suggested by RestoreOKC directors. The pilot focus group ensured that the interview 

questions were framed to stimulate conversation about heat experiences and confirmed 

the need to continue exploring the research questions.  

During the data collection process, Hayashi, Abib, and Hoppen (2019) 

recommend various methods of validation, including extensive exposure in the field and 

saturation. Saturation in data occurs when no new data or useful information is found 

because the researcher has collected enough data from interviews or focus groups. After 

moderating four focus group discussions, saturation was achieved as themes, such as 

health and resources, emerged from the data collected. Prolonged exposure to the field 

was attained by recruiting focus group participants in-person and conducting focus 

groups at locations familiar to the participant and in their community. Creswell and 
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Miller (2000) list triangulation and reflexivity as validation strategies. Triangulation is a 

post-positivist process because it requires a systematic approach to analysis, whereas 

reflexivity is a critical process because it recognizes the situatedness of the researcher to 

uncover biases during analysis.  

I performed a mix of triangulation and research reflexivity to provide validation 

for my qualitative research analysis. Although I established my positionality in the early 

stages of the research process to demonstrate reflexivity, I also sought repetition of 

themes when sifting through the data collected from the four focus groups conducted for 

this study. Repetition of evidence for themes identified is key for validation through the 

triangulation process, while reflection of social, cultural, and historical influencing 

interpretations shaped by the researcher is key to the reflexivity process. For my study, I 

focused on being reflexive to ensure validity because calling into question my perspective 

could be critical for employed analyses to address biases reflected in the interpretation of 

data. Reflexivity also allows the researcher to mitigate inequality by establishing 

positionality and seeking collaboration.  

Lastly, after data collection, Hayashi, Abib, and Hoppen (2019) suggest the need 

for scientific exposure and peer review. This study was peer reviewed by a committee of 

three people on the project. In addition, this study will be presented at a conference to 

obtain feedback and participation from the broader scientific community on how to 

further refine discussion points for the research. 
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Chapter 3: Results

Five major themes were derived from the thematic analysis: 1) adaptation, 2) 

communication/awareness, 3) health, 4) infrastructure, and 5) resources. The adaptation 

theme reflects excerpts from the transcripts that are related to modifying actions to 

address the heat. The communication/awareness theme reflects excerpts from the 

transcripts that centered around general knowledge of the weather and communication 

sources of weather conditions. The health theme incorporates transcript excerpts 

pertaining to physical or mental health issues such as medication, pre-existing medical 

conditions, heat-related injuries, and altered psychological conditions. The infrastructure 

theme incorporates topics associated with human-made structures or facilities such as 

cooling centers, bus shelters, green and blue infrastructure, and housing structures. 

Lastly, the resources theme includes financial or personal assets, including utilities, 

amenities, and non-profit assistance. Table 2 shows the total number of excerpts 

categorized by each theme and focus group.  

Theme Seniors Youth 
Mixed-aged 

Adults 

Community 

Leaders 

Adaptation 33 31 23 21 

Communication/Awareness 20 10 15 38 

Health 18 29 5 30 

Infrastructure 14 1 22 7 

Resources 48 12 19 42 

Table 2. Five themes emerged from the focus groups. The table identifies each theme and 

the associated number of excerpts from each focus group. 

3.1.Adaptation 
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Adaptation was a common theme among all four of the different focus groups. 

The adaptation theme was primarily represented by excerpts relating to how individuals 

cope with extreme heat conditions. Many participants shared how they altered their 

actions during the summer months to ensure safety in the heat. Adaptation was one of the 

most common topics of discussion for the senior, youth, and mixed-aged adults’ focus 

groups.  

3.1.1. Seniors 

There were 33 excerpts from the seniors’ transcript related to the adaptation 

theme. Seniors discussed actions they performed to combat the heat, such as staying at 

home, going to a friend's house who had access to air conditioning, choosing to adjust or 

not adjust the temperature on the thermostat, turning on fans, modifying their clothing 

choices, closing the blinds, drinking water, opening the windows, and turning on water 

sprinklers for children to run through. 

One senior highlighted the importance of self-advocacy by emphasizing the need 

to express issues of unjust expense of utility bills to the State Corporation Commission 

and other decision-makers. Although some seniors discussed concerns about their utility 

bills being unfairly high in cost, this senior stated that by not voicing concerns to the 

appropriate decision-maker able to make a change, their concerns will not be heard. “I 

did some calling about some trees. OG&E told me they couldn't cut it. My son told me 

who to call and I called the State Corporation Commission. And do you know, two or 

three days later they sent somebody out there to cut my trees? So, if we don't ever say 

anything, they think we’re satisfied.” Another senior proposed a solution: “a survey or 

something needs to be done for people who don't have central air conditioning during the 
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hot days in Oklahoma.” Another senior proposed that a list of helpful resources, such as 

cooling centers, funding sources, and affordable companies, would benefit the 

community by informing them of opportunities for assistance.  

3.1.2. Youth 

Most of the content coded from the youth transcript was classified in the 

adaptation theme (31 excerpts). When discussing how they adapt to the heat while inside, 

the youth mentioned closing the blinds and covering the windows to protect the interior 

home from outdoor sunlight, using fans, keeping doors shut (to reduce loss of cooler air), 

minimizing physical interaction with others, taking a cold shower, and going to a friend 

or family member’s house with air conditioning. When discussing how they adapt to the 

heat outside, the youth mentioned taking work breaks, stretching (to reduce possible 

cramping), chewing ice, wearing light-colored clothing, drinking water, eating food, and 

using a cold compress.  

One youth focus group participant stated, “so when we were over here, and we 

were in the heat, and it was so hot that we had to like take breaks and drink water so we 

wouldn't pass out.” In agreement that breaks are important, another youth participant 

stated, “It's OK if you want to take a water break or a food break or whatever it is. You 

can go back inside and sit in there.” Alternative adaptation methods for cooling were 

expressed by other participants. One participant stated that their parents “turn the AC off 

at nighttime,” while another youth participant said, “If the AC’s broken in my house, I 

have some friends that live close to me – that live like down the street and stuff – so, I’ll 

just walk over there.” 
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3.1.3. Mixed-aged Adults 

Most of the content coded from the mixed-aged adults’ transcript was classified 

into the adaptation theme (23 excerpts). To combat the hot temperatures, participants 

from the mixed-aged adults’ focus group discussed turning up their air conditioning, 

asking for assistance with home weatherization from local non-profit organizations, using 

the air conditioning in their vehicles, modifying clothing decisions, hanging black 

curtains to shield sunlight, putting up plastic or aluminum foil in the windows to reflect 

sunlight, adjusting what time of the day they go grocery shopping, and staying hydrated. 

In addition to sharing the heat-adapted actions they take during hot circumstances, the 

mixed-aged adults proposed ways for the community to adapt to the heat. Some of the 

suggestions included providing sun visors for seniors and offering funding resource 

options for adults struggling to pay their utility bills. 

One participant in the mixed-aged adult focus group proposed the following ideas 

for adapting to the heat: “Provide pools or play spaces for children. The only community 

center that has a pool is in the Northeast community that does not even open at the 

beginning of summer. They open in the middle of summer and close two weeks before 

school starts. Lower electric prices during the summer. Provide water fountains at the 

downtown EMBARK [bus] station, so people can drink and stay hydrated. Then, provide 

other resources for parents to pay their bill during the summer.” The same mixed-aged 

adult proposed, “They should provide those [sun visors] for seniors because not a lot of 

the houses around here have garages or car ports. You get in your car to go anywhere – I 

don’t know about you, but I burn my arm off because it was so hot. So, they should 

provide those to keep their [senior’s] cars more cool.” Another participant emphasized 
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the struggle residents face when dealing with utility bills, stating “I think the main thing 

we probably all experience is the high utility bills. That's the most common complaint 

amongst all of us.” 

3.1.4. Community Leaders 

Twenty-one excerpts from the community leaders’ focus group were coded as the 

adaptation theme. To adapt to the heat, community leaders discussed going swimming, 

chewing ice, modifying clothing decisions, adjusting the time of day to go grocery 

shopping or to exercise, drinking water or soda, bringing pets indoors, using a wet 

compress, taking a shower, staying indoors, and applying sunscreen.  

A leader from the local Boys and Girls Club stated that “what we’re going to do 

this summer at the Boys and Girls Club is once it hits a certain temperature, like I said we 

did a pile of changes, you can only stay outside for about 30 minutes just to avoid any 

heat injuries, rashes, and all that stuff like that. So, we’re going to limit our outside play 

time.” Two leaders proposed ideas for adapting to the heat: 1) tinting car windows and 2) 

renovating apartments. Lastly, one leader said they used a smart thermostat to help them 

stay cool (e.g., to reduce indoor temperature extremes).  

3.2.Communication/Awareness 

Many different channels of communication were discussed during the focus group 

conversations. Participants mentioned learning about the weather via television news and 

weather apps, while some others indicated that they were aware of the temperature after 

stepping outside. In addition, some participants shared that they would prefer additional 

methods of communication when it comes to heat alerts, while others stated that 
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compounding heat alerts with tornado, flood, and AMBER (America's Missing: 

Broadcast Emergency Response) alerts would be information “overload.”  

3.2.1. Seniors 

The communication/awareness theme was the third most discussed topic during 

the focus group conversations for the seniors (20 excerpts). Many seniors agreed that 

receiving mobile notifications for the heat “would be overload;” however, a couple of 

seniors thought it could be helpful if there was a way to distinguish the alert from other 

mobile notifications, such as AMBER alerts and flood warnings. While the idea of 

mobile alerts about the heat was not favored by most senior focus group participants, 

most seniors agreed that the news was their source of information about the weather 

conditions. A few seniors indicated that they are advised on the weather by both listening 

to the news and checking a software application on their phone.  

When asked about their past experiences in the heat, one senior stated their 

awareness of the difference in heat experiences between urban and rural settings. They 

stated, “in the country, you know, they have like the dirt roads which the dirt doesn't hold 

heat like this [the city].” In addition, a few seniors expressed their concern for the 

changing climate conditions. One senior stated, “because of the climate change, I think 

it's gotten hotter.” Regarding communication, one senior recommended a list of cooling 

centers in the city be distributed to local churches, stating “I know it might be a little 

costly, but if you could send that to some of the churches, where a lot of the seniors are.” 

3.2.2. Youth 
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There were 10 excerpts related to the communication/awareness theme in the 

youth focus group transcript. The youth participants shared that they learn of the heat 

conditions by listening to the news, checking weather applications on their phones, and 

being advised by their family members. One youth participant noted that their parents not 

only informed them of the heat, but also advised them on how to prepare for the heat: 

“My parents, they always tell me when it’s hot, like make sure you drink water, you eat 

some food, and you bring a hat.”  

Some of the youth participants expressed their awareness of climate change. Two 

youth participants agreed about the changing climate, with one stating, “well, it just 

seems like it gets hotter every year.”  

3.2.3. Mixed-aged Adults 

There were 15 excerpts related to the communication/awareness theme in the 

transcript for the mixed-aged adults’ focus group. Although many adults shared that they 

learned of the weather through various news sources, three excerpts expressed a concern 

for public communication. 

One adult stated that seniors could benefit from additional sources of information 

regarding assistance programs. One adult mentioned that it would be important for 

agencies to “publicize your [assistance] programs on TV,” while another adult 

recommended that advertisements could be posted on billboards and bulletin boards 

across the city. One adult participant said that seniors should receive notifications in the 

mail, not only about assistance programs, but also about utility rate increases. 
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When asked if they checked on the wellbeing of people during extreme heat 

conditions, many of the adults indicated that they communicated with their family and 

friends to ensure community safety. One participant said, “They’ll check on you, but 

when they do, it’s at night when the sun starts going down, then they'll come and say 

‘hey.’” 

3.2.4. Community leaders 

Among the community leaders, the communication/awareness theme was the 

second most common topic of discussion, with 38 excerpts. Like the other group 

discussions, the community leaders mentioned how they became aware of the weather, 

including using weather applications on their phones, reading email notifications, 

watching the news, and listening to the radio. The idea that communication could be 

improved for the community was a shared notion among the community leaders, 

especially pertaining to cooling center education. For example, the group discussed the 

importance of knowing where cooling centers are located and proposed that decision-

makers publicize where cooling centers are located to ensure more community 

awareness. One participant stated, “that goes back to again, we don't know. I've been 

staying in Oklahoma for my whole life, and I've never heard of a cooling center.” 

3.3.Health 

The health theme most commonly arose during the youth and community leaders’ 

focus group discussions. Encompassing both physical and mental health, this theme 

covered topics relating to pre-existing medical conditions, such as asthma, high blood 

pressure, emphysema, sickle cell disease, and eczema. In addition, the health theme 
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incorporated statements relating to altered moods, attitudes, and behaviors during 

extreme heat events.  

3.3.1. Seniors 

Health was one of the least discussed themes during the senior focus group. There 

were 18 excerpts from the senior focus group transcript that related to the health theme. A 

few of the pre-existing medical conditions mentioned included eczema, high blood 

pressure, and emphysema. “And one illness that some of people might have that would be 

affected in the heat is a person that has eczema,” said one senior. According to 

participants, sweating during hot conditions exacerbates the skin rash conditions. In 

addition, one senior said that their grandchild avoided swimming over the summer to 

ensure their skin rash did not worsen.  

Due to some pre-existing medical conditions, some seniors stated that they or 

their family members had to limit time outside to avoid heat injuries. Although one senior 

noted that they used fans to cool down during the summer months, they became 

“panicky” after realizing that they were still hot. They stated, “the summer of 2011, we 

could not keep the house cool even with air conditioning. We had these big fans we 

would buy and had them all over the house and still could not [keep cool]. That made me 

feel kind of panicky. It's like this is the best we can do, and it's still too hot.” 

3.3.2. Youth 

Among the youth, the health theme was the second most common topic of 

discussion, with 29 excerpts. The main pre-existing medical condition discussed during 

the youth focus group was asthma. A few of the youth participants shared their personal 
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experiences of having asthma during the summer heat. One participant expressed how 

they had to leave their outdoor job to avoid heat injury, stating “I had to go home once 

because we were doing chickens. And then like you know chicken, it has that much dust 

in the air. So, my asthma got [irritated].” Another participant said their family member 

had an asthma attack over the summer due to being in the heat.  

Other health topics involved how attitudes, moods, and behaviors shifted during 

the summer months. The youth focus group participants mentioned sluggishness and 

exhaustion as effects of being outdoors in the heat. In addition, irritability, anger, and 

drowsiness were common moods during the summer months. Some youth participants 

shared that they experienced lightheadedness, dehydration, sunburn, and heat rash due to 

being outdoors during extreme heat conditions.  

3.3.3. Mixed-aged adults 

Health was the least common topic of discussion amongst the participants in the 

mixed-aged adults’ focus group (five excerpts). One parent stated that asthma among 

children in the community was a concern: “It’s affecting a lot of people’s asthma. We had 

seven kids coming to see the nurse today saying that they couldn't breathe, especially 

during the summer when school first started, which is in August.”  

3.3.4. Community leaders 

Health was among the top three themes discussed during the community leaders’ 

focus group (30 excerpts). For mental health, community leaders shared how people’s 

attitudes altered during the summer months. One leader stated that she shifted into a more 

irritable and impatient attitude when exposed to extreme heat conditions.  Another 
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community leader expressed that people may become angrier. For example, a leader from 

a local non-profit organization stated that “I feel we had an increased number of violent 

interactions at the day shelter [for unhoused individuals] because everyone was just so 

hot and angry here in a crowded space.” Lastly, one leader said they had difficulty 

sleeping due to the heat.  

For physical health, community leaders shared stories of the heat injuries they 

experienced themselves or that their loved ones experienced, including during 

participation in sports and exercise. One leader said they became lightheaded as a result 

of traveling outdoors after working out at the gym. Another leader stated that their former 

teammates lost their lives due to heat exposure: “I have had two teammates that have died 

from heat strokes because we used to play out there practicing football.” Another leader 

shared that their athletic son fainted from heat exposure. 

Some participants said that rheumatoid arthritis, lupus, and sickle cell disease 

were pre-existing medical conditions impacted by heat exposure. A staff member of a 

local non-profit supporting children was reported as having to quit because of her skin 

flaring up when exposed to extreme heat. One leader said, “Her lupus had flared-up from 

the heat and she had to quit because of that.” Another leader from the same non-profit 

organization stated that “I have rheumatoid arthritis. You can't go outside in the heat 

because it feels like your skin is on fire.” Lastly, one leader from a local non-profit 

focused on mentorship noted that people carrying the sickle-cell trait are at risk of 

becoming overheated and suffering from heat exhaustion. This leader shared an anecdote 

about her son who is a sickle-cell carrier: “He had become completely lethargic. His skin 
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was on fire, it almost burned you to touch his skin.” In response to his reaction to the 

heat, the leader said that she had to carry her son to her car to ensure his safety.  

3.4.Infrastructure 

The infrastructure theme was commonly discussed during the focus groups with 

mixed-aged adults, but the least explored for the other three groups. Common topics 

under the infrastructure theme included housing structure, cooling centers, blue and green 

infrastructure (e.g., ponds, creeks, and trees), and bus shelters.  

3.4.1. Seniors 

Infrastructure was the least talked about theme among the seniors’ focus group. 

There were 14 excerpts from the seniors’ transcript related to the infrastructure theme. 

The seniors discussed how the structure of their housing impacts their experiences, 

mentioned a few different cooling center locations, and shared their experiences with 

trees in landscape design for providing shade. Some seniors shared that they had their 

houses weatherized while others noted that they could not have their homes weatherized. 

One participant said that they asked for a company to weatherize their house, but “they 

wouldn't do it because I have a basement.” For those who were able to have their homes 

weatherized, various companies prepared their houses for extreme temperatures by 

reinstalling insulation, changing windows, adding new weatherstripping to doorways, and 

replacing light bulbs to increase energy efficiency.  

Aside from their housing structure, artificial and natural infrastructure such as 

cooling centers and shade trees were among the topics of discussion related to the 

infrastructure theme. The main places listed as cooling centers during the seniors’ focus 
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group were the public library and medical establishments with community areas within 

them. For example, one participant said, “I go to Arch Well Health out in Midwest City 

and they actually have a little area. It's called a community area.” Another participant 

said, “I think Global Health has a community area as well.”  

For the discussion on shade trees, one senior said they planted trees to provide 

shade over their home; however, some seniors said that they were reluctant to keep trees 

around their homes because of the potential damage they could cause during Oklahoma’s 

other hazardous weather events. While one senior said, “I'm scared of the trees, I need to 

cut it down,” another senior said, “I've planted trees throughout the years on my property 

because I know that having shade helps.” Another senior stated that they used both green 

(trees) and blue infrastructure (creeks and ponds) to stay cool during the summer heat. 

Lastly, seniors discussed that there was a lack of shade provided for bus riders at local 

bus stops.  

3.4.2. Youth 

Participants in the youth focus group talked about infrastructure the least (one 

excerpt) among the five themes. When discussing the public transportation system, the 

youth mentioned the lack of shade provided for bus riders. “Sometimes they don't have 

trees, so they get no shade,” said one youth participant.  

3.4.3. Mixed-aged adults 

The infrastructure theme was the second most common topic of conversation for 

the mixed-aged adults’ focus group, with 22 excerpts. Among the infrastructure theme, 

trees, insulation, bus stop shelters, cooling centers, and housing structures were 
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discussed. Many adults expressed concern for a lack of trees in the northeast side of 

Oklahoma City. One adult stated, “There used to be more trees and more abundance of 

trees, but it's lacking. You know, a lot of the trees you don't see around no more.” In 

addition, one adult advocated that there is a need for bus stops to have shelter or trees to 

provide shade for bus riders: “Single mothers with children, you see a lot of them sitting 

at the bus stop with the stroller and little babies. There’s nothing covering them, and it 

can be 105 degrees outside and that’s their only transportation to their doctor's 

appointment.” 

For cooling centers and housing structures, adults expressed concern about the 

number of cooling centers available to the community and for housing infrastructure not 

being equipped to withstand current climate conditions. Although adults in the discussion 

were able to list the library, main Embark (public transportation system) bus station, 

shopping malls, YMCA, movie theatres, recreation centers, gyms, and stores as spaces to 

cool, some adults thought that more cooling centers should be available to the 

community. Particularly, some adults expressed a need for public cooling spaces 

available for free. In addition to cooling centers, adults noted that housing infrastructure 

was old and in need of repair. Many adults expressed a need for improved insulation and 

updated window installations. One adult stated, “it is a low-income community. They’re 

not able to change out the windows.” 

3.4.4. Community leaders 

The community leaders’ focus group talked about infrastructure the least (seven 

excerpts) among the themes. A common topic of conversation was about the impact 

housing structure had on utilities, specifically air conditioning. One person stated that the 
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shade provided by their building’s orientation and surrounding trees allowed them to stay 

cool inside their home; however, many other leaders expressed a need for improved 

housing structures to allow them to remain cool inside their homes. One community 

leader said, “One of the problems that I can see that happens to these low-income 

apartments. The problem is that they’re not, hopefully I’m wording it right, they’re not 

insulated right. And so, then what ends up happening is they got all these cracks in the 

windows and the doors and everything. So even though they’re running their AC, and it’s 

running out[side].” Another leader noted, “So, I don’t know that things are always built 

efficiently either for people to have cost savings.” 

Another concern expressed during the community leaders’ discussion was for bus 

shelters at local bus stops to keep bus riders cool while they are waiting for the bus. One 

leader shared that her senior mother uses the bus, “so, for someone like her who’s older, 

just walking from your house to the nearest stop is almost unbearable, and then you get 

there, and the bus stop is in open sun. So, it makes it very difficult for them.” One 

community leader proposed an idea: “I feel like a really easy improvement would be 

putting shelters over all the bus stops and perhaps putting more bus stops because you 

would have to walk less.” They also recommended that they add more cooling centers to 

the public transportation routes.  

For cooling centers, community leaders shared that many non-profit organizations 

provide cooling spaces for community members to go to during the summer months. 

Also, community leaders discussed shade provided by trees. While one leader stated that 

some people cut down trees to reduce debris and house damage during Oklahoma’s 

severe weather events, other leaders expressed that the community needs more trees. One 
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leader said, “on Earth Day, a lot of donors have came and said they want to come in and 

put a lot of trees and vegetation out here to help us with shade.” 

3.5.Resources 

Seniors and community leaders discussed more content relating to the resources 

theme than did the youth and mixed-aged adults. Major topics under the resources theme 

were utilities and air conditioning. Some focus group participants discussed various 

programs available to the public to assist with cooling expenses. In addition, the public 

transit system was named as a resource to help residents stay cool; however, the bus 

system was also stated to be ineffective due to lack of shade, long waiting periods, and 

large distances between bus stops.  

3.5.1. Seniors 

With 48 excerpts from the seniors’ transcript, the resources theme was the most 

prevalent theme amongst the senior focus group. The most common topic relating to the 

resources theme was the cost of utility bills. One senior said, “I experienced the 

expensive cost of air. My bill ran around $250 a month on senior citizens’ income. So, I 

never got any relief.”  

Another senior stated that resources, such as air conditioners, need to be provided 

to those who cannot afford central air conditioning. “Well, there are some people in our 

community that may not have air conditioning, so we need to think about those people 

that don't have air conditioning. They need something. And sometimes the fans aren't 

enough.” One senior said they did not have an air conditioner because they could not 

afford to replace or repair the one installed in their house. Although there was a common 
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sentiment among seniors about the cost of air conditioners, one senior said they 

purchased appliance insurance to help with the cost of appliance replacement or repair 

when needed. Another senior said they found an air conditioning repair company that 

they could afford after calling around to get various quotes.  

Aside from air conditioning, some seniors shared that there was a need for more 

summer activities and facilities, such as splash pads and water parks, for youth. In 

addition, one senior expressed concern for the unhoused population’s accessibility to 

shelters during hot temperatures. A few seniors discussed the need for more fans to be 

given away to help people with their cooling needs. While some seniors expressed their 

appreciation for the bus system, others discussed how the bus transit system was 

inefficient. According to one senior, the city bus system allows free transit when 

temperatures exceed 37.8°C (100°F); however, another senior stated, “you don’t know 

very many people riding the bus.” In discussion, seniors noted that distance between 

destinations and bus stops, lack of awareness of how to use the transit system, and long 

waiting times in the heat were among the reasons for people not riding the bus.  

Although one senior felt their concerns were heard by respective decision-makers 

able to change their circumstances, some seniors complained that they communicated 

about issues they faced but sometimes were not provided with solutions. One senior 

called Oklahoma Gas and Electric (OG&E) and the Salvation Army to inquire about 

installing new insulation in their home, while another senior called OG&E about 

receiving a free fan to assist with their summer cooling efforts. Although these seniors 

received assistance from their calling efforts, another senior called OG&E to inquire 

about their high utility bill cost but did not receive the assistance they needed to lower 
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their bills. Many seniors agreed that the community’s needs were not met by decision-

makers, stating “Well, we used to have more, maybe, like, community centers where the 

people could go to or where the kids go to so that they could go play basketball and 

different things. You know, we just don't have that over here on the east side in lieu of 

the ones that they have mainly northwest and southwest.” Another senior expressed 

concern for the lack of pools available to community members in the northeast quarter of 

the city. 

3.5.2. Youth 

There were 12 excerpts relating to the resources theme from the youth focus 

group. The youth discussed accessibility to pools and splash pads, family utility bills, air 

conditioning, and bus stops. The youth participants listed pools and splash pads as 

resources to help them cool; however, many of the youth mentioned that there were not 

many pools and splash pads available in the northeast quadrant of the city. One youth 

participant said, “I only know where one splash pad is.” The youth participants 

mentioned that other youth and adults complained about either the cost of air 

conditioning or having to ride the bus. One participant said, “You’re just sitting there 

while the heat is beaming on you waiting for the bus that takes forever.” 

3.5.3. Mixed-aged adults 

There were 19 excerpts relating to the resources theme from the focus group of 

mixed-aged adults. The most common topic under this theme was related to air 

conditioning and utility bills. Given the community is predominantly low-income, 

participants expressed concern about how the heat impacts people’s ability to pay for 
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high utility bills. One participant said, “There are people that will not turn their air up to 

be comfortable, all because they feel like they cannot afford to pay that bill which has an 

effect on their health. So, that to me, is one of the big effects that heat really does have in 

this community.” Another participant shared that they knew someone whose central air 

conditioning unit broke, but they could not afford to repair or replace it.  

Another aspect of the air conditioning conversation amongst mixed-aged adults 

focused on homes lacking access to central air-conditioning units. One adult shared that 

having multiple window units, as opposed to one central air-conditioning unit, in a home 

could increase utility bills as well, stating “so, with running three or four air-conditioner 

window units, your bill is going to increase.”  

Aside from air conditioning, another common topic relating to the resources 

theme consisted of naming programs that may help to alleviate challenges that 

community members faced when dealing with their utility bills. One participant 

mentioned the Low-Income Home Energy Assistance Program (LIHEAP), which is a 

federal program that assists low-income families with their summer cooling expenses. In 

addition, the SmartHours Program offered by OG&E was named as helpful for bills, but 

ineffective at helping people stay cool because the preset temperatures are uncomfortably 

hot. One participant stated that people utilizing the SmartHours program will “burn up” 

in their home.  

Participants also named the public bus transit system as a resource for the 

community. A couple of participants shared that the buses are occupied by numerous 

people when the riding fee is waived; however, one participant stated that due to high 

61



occupancy, the bus may pass by public transit users at bus stops because it is at maximum 

capacity. 

3.5.4. Community leaders 

The resources theme was the most discussed theme amongst the community 

leaders’ focus group, with 42 excerpts. Topics included air conditioning, utility bills, non-

profit assistance, misting devices, public buses, pools, and splash pads.  

There was a shared expression of concern for the cost of air conditioning among 

the community leaders; however, many leaders shared information about non-profit 

assistance resources available in the Oklahoma City area, such as those from 

RestoreOKC, Homeless Alliance, City Center, and Oklahoma City Youth Literacy. One 

community leader said, “I work with the unhoused population and so there was just a lot 

of increased foot traffic coming into RestoreOKC and coming into the Homeless 

Alliance. Just people needing ice and water and just people who had been out in the sun 

for days and just couldn't catch a freaking break. It got really rough for a while, but I saw 

a lot of people coming in with super high utility bills because if their AC wasn't broken, it 

was running crazy.” Another community leader said, “it seemed like right before it got 

hot, OG&E had announced that they were going to go up the prices and I remember my 

electric bill being $300-$400 a month. And you're talking about struggling to pay it 

because of the heat and you have to use your AC.”  

In addition to issues with high utility bills, community leaders expressed their 

frustration with rolling blackouts in the electric power grid. One leader explained, “it's 
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where there is so much energy being used that they have to cut off the energy in certain 

places at certain times to bring down the energy levels so that they don't pop the grids.” 

Although community leaders listed three community swimming pools available to 

the residents, issues were expressed relating the access and safety. One leader said that a 

teenager lost their life while at one pool due to overcrowding. They expressed sadness 

saying, “I think he was a sixth grader, 13 years old. He was an innocent bystander. He 

lost his life in the middle of interaction with older people.” Adding, “I also know the 

pools get really packed so it's not even enjoyable to even be at the pool when it's hot.” 

Many of the community leaders agreed that the number of people at the pools deters 

people from wanting to go to the pools to cool. One leader said that the number of pools 

available to people in the community had decreased: “when I stayed in this area when I 

was younger, they had these about three or four pools that you could walk to in your 

neighborhood. Now, they just got one that's just right around the corner and 

unfortunately, if you don't stay close to that, then you don't get to enjoy it.” 

Although some apartment complexes have swimming pools, leaders discussed the 

uneven distribution of pools in the northeast side of the city. One leader said that many 

people had to travel to the other side of town to go to a pool. In response, another leader 

lamented, “it’s sad though if you stay on the east side community, you have to go find a 

pool for you to be able to get in. And sometimes it may mean breaking the rules to sneak 

into an apartment and get into their pool because there’s only one in the east side 

community.” There was consensus about the need for more pools and splash pads in the 

northeast part of Oklahoma City. 
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Chapter 4: Discussion 

In this study, I worked to answer the research questions by moderating four focus 

groups composed of four different participant cohorts (seniors, youth, mixed-aged adults, 

and community leaders). Across the focus groups, there were specific topics relevant 

to each group.  

Research Question 1 focused on how extreme heat conditions influenced the lives 

of people living in neighborhoods characterized by significant social vulnerability. To 

address this question, I combined mapping several quantitative datasets relating to social 

vulnerability with direct contact with numerous community-based organizations that 

work in areas that I identified as most vulnerable. Three organizations were especially 

responsive and were those chosen to work with directly. All three focused efforts in parts 

of northeast Oklahoma City that aligned with my mapping efforts. Hence, all community 

members in my four focus groups were people who lived, worked, or went to school in 

my study area. 

Participants across all focus groups discussed amenities, such as pools and air 

conditioning, that they used to minimize the effects of extreme heat in their lives. Most 

comments relating to air conditioning were negative and centered on the cost of utility 

bills. This finding is consistent with other research studies (Lane et al. 2014; Lanza, 

Jones, et al. 2023; Diallo et al. 2024). In some cases, the ability to use air conditioning 

resulted in stress other than that directly attributed to the heat. For example, although 

youth did not mention utility bills for air conditioning, seniors, mixed-aged adults, and 

community leaders emphasized that electricity bills during extreme heat events were a 
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cost burden for many people living in the northeast region of Oklahoma City. Youth 

participants discussed how adults in the community were concerned about wasting air 

conditioning through actions like opening doors. In fact, many participants stated that 

they chose to stay indoors until temperatures cooled, which supports the findings from 

other research studies (Sheridan 2007; Lanza, Jones, et al. 2023; Diallo et al. 2024). In 

addition to air conditioning, lack of accessibility to water amenities, such as pools and 

splash pads, was discussed throughout each focus group. Most comments indicated a 

need for more pools and splash pads by highlighting that only a few were available to 

residents or suggesting that more pools and splash pads needed to be constructed. 

Similarly, Lanza, Jones, et al. (2023) found that some of their interviewees argued that 

there were not enough pools and splash pads in their community of Austin, Texas.  

Another common amenity discussed during each of the focus groups was the 

public bus system, which was highlighted across multiple themes. Most comments were 

complaints, arguing that bus stops lacked shelter thus causing bus riders to sit under the 

sun and directly experience the heat. These results resonated with those in a study of 

public transit during warmer temperatures in Austin, Texas, by Lanza and Durand (2021). 

They found that bus ridership decreased as temperatures increased and noted that 

bus stops need to be adapted to increase bus ridership during the warm season. In a study 

of how bus ridership was influenced by extreme weather in Lane County, Oregon, Ngo 

(2019) found that bus ridership decreased during extremely hot days. In a different study, 

however, Miao et al. (2019) found that ridership increased with access to bus shelters in 

Salt Lake City, Utah, during extreme heat days. Although I did not analyze whether bus 

shelters in Oklahoma City could increase bus ridership, there are interventions that have 
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been shown to protect riders from extreme heat temperatures, such as providing artificial 

shade structures and street trees (Dzyuban et al. 2022; Alcocer et al. 2023). In addition to 

shade being provided at bus stops, access to water amenities such as water fountains and 

misting devices could improve thermal comfort for bus riders (Dzyuban et al. 2022). 

Some participants also noted that the distance between bus stops was too far for 

older riders and not easily accessible for walkers. They emphasized that there was limited 

accessibility to public transportation and bus riders’ commutes were lengthened due to 

long waiting periods. Longer wait periods can result in bus riders experiencing extreme 

outdoor temperatures for longer periods (Ngo 2019). For example, Hess (2012) found 

that longer walks to the bus stop were associated with decisions to not ride the bus. 

All focus groups discussed learning about extreme heat temperatures from 

television news and through mobile weather applications. This result is consistent with 

past research, where studies have found that people are aware of heat events from 

television news (Sheridan 2007). Although all groups agreed that the news provides 

information relating to extreme heat, community leaders expressed concern for the 

“dramatic” tendencies associated with news reports. For instance, one community leader 

mimicked the news, stating “Call your grandmother, she's going to die.”  

Research Question 2 highlighted what the community members thought were the 

best practices for mitigating heat stress that can be implemented in Oklahoma City 

without harming the natural and social landscape that already exists. Self-advocacy was a 

common theme among the seniors’ and mixed-aged adults’ discussions. Participants 

promoted the action of calling decision-makers and utility companies to voice concerns 

about electric bills being unjustly high in expense. The youth noted that some people turn 
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off their air conditioning at night likely to prevent high utility bill costs. This result is 

consistent with a study by Sheridan (2007) that identified that people either did not turn 

on their air conditioning or limited their usage due the financial burden high usage can 

incur.  

Mixed-aged adults discussed lowering electric utility rates to help low-income 

families with the cost of their bills. Both seniors and mixed-aged adults suggested 

additional financial assistance be provided to families struggling to pay them. Programs 

have been established in other parts of the U.S. to do just that. For example, the Salvation 

Army in the Phoenix (Arizona) metropolitan area provides utility assistance to 

individuals and families experiencing economic hardships. Specifically, they provide 

financial assistance, supplement current energy assistance resources, and share additional 

sources of support (Q. Zhao et al. 2020). 

Each focus group emphasized the desire for more water amenities in the area to 

allow community members to cool themselves during extreme heat. Mixed-aged adults, 

seniors, and community leaders also agreed that more pools and play spaces were needed 

to engage youth. These results also resonate with other studies. Researchers have found 

the number of pools, water bodies, and percent of greenness decreased as social 

vulnerability levels increased in Phoenix, Arizona (Napieralski et al. 2022). These 

authors emphasized the need for equitable urban planning practices to ensure socially 

vulnerable communities have access to water amenities, such as pools and water bodies, 

that provide cooling during extreme heat events. 

For shade trees, mixed-aged adults, community leaders, and youth agreed to the 

community needing more trees to help community members cool their body temperature, 
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especially for pedestrians and bus riders. Increasing the urban tree canopy has 

demonstrated reductions in solar radiation, yet lack of green infrastructure perpetuates 

social inequity, as researchers have found that predominately low-income and Latinx 

populations have less shading from overhead tree coverage (Lanza and Durand 2021). 

This outcome is concerning because vegetation has been found to improve thermal 

comfort for pedestrians in urban open spaces (Taleghani 2018). Therefore, I emphasize 

the need for equitable urban planning practices to ensure socially vulnerable populations 

have access to the cooling effects of shade trees and other vegetation. In addition, 

Oklahoma has weather that is renowned for its wind and drought seasons (U.S. EPA 

2016; Oklahoma Climatological Survey n.d.). Thus, it is imperative for newly planted 

trees to be adaptive to the Oklahoma climate. While trees generate cooling effects in 

urban heat islands by both transpiration and shading, the magnitude of cooling is 

dependent on tree growth which is influenced by the built environment and local 

management decisions for the maintenance of the trees. Therefore, it is essential to 

understand the biophysical drivers of urban transpiration rates that vary between different 

tree species (Nowak and Heisler 2010; Winbourne et al. 2020).  

Participants were able to name cooling spaces across parts of northeast Oklahoma 

City, including the public library, shopping malls, local non-profits, and medical 

community areas. None of these locations were established solely as cooling centers; 

rather, they were nearby, cooled buildings where residents already visited and were 

familiar with. Still, community leaders, mixed-aged adults, and seniors emphasized the 

need to provide more cooling centers for people to go to cool during extreme heat events. 

While many participants listed places to cool, consensus was established around the 
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importance of publicizing where cooling centers are located to promote community 

awareness, making them more accessible to nearby residents of Oklahoma. Similarly, 

Lane et al. (2014) noted the importance of making cooling centers more accessible to 

support the development of New York City (New York) heat-health programs. In 

addition, they indicated that efforts to educate and communicate with heat-vulnerable 

people needed improvement to be effective in motivating people to take protective 

actions during extreme heat events.  

Some input from the focus groups was uncommon but important content. For 

example, only the youth outdoor workers emphasized the need for work breaks when 

experiencing signs of heat-related injuries, such as heat exhaustion. Yet this comment 

highlighted an important health strategy. The U.S. Centers for Disease Control (CDC) 

recommends taking frequent breaks in a cooler area to help outdoor workers prevent 

heat-related illness (Tustin et al. 2018). Participants in my youth focus group also 

recommended stretching to reduce heat cramps and eating food to address issues with 

lightheadedness.  

Many of the suggested adaptation strategies were relatively low cost and easy to 

do. For example, youth and community leaders underscored that many people chew ice to 

stay cool during extreme heat events, while all focus groups emphasized that drinking 

water and staying hydrated was a way of cooling. All focus groups discussed the 

modification of clothing to mitigate the absorption of heat. These actions have been used 

in other communities with high social vulnerability. Wearing lighter-colored clothing and 

staying hydrated, for example, were common preventative measures taken by people who 

were not regularly using air conditioning in New York City during extreme heat events 
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(Lane et al. 2014). Sheridan (2007) also found that people adjust to the heat by modifying 

the types of clothes that they wore and drinking fluids to stay hydrated. These behaviors, 

in addition to taking frequent showers, are recommended actions for people to take when 

heat exposure cannot be avoided (Luber and McGeehin 2008). 

All focus groups agreed that some form of changing their daily habits was 

imperative for adjusting to extreme heat events. Mixed-aged adults and community 

leaders agreed that changing the time of day to run errands was important, while one 

senior stated that they stopped mowing their lawn due to the extreme temperatures. One 

community leader shared that time outdoors would be limited for youth in their program 

to avoid heat injuries and illnesses. Similarly, limited time outdoors and restructuring or 

reducing activities outdoors were among the top responses to extreme heat in a survey 

study of four cities in North America (Sheridan 2007). Studying global warming and the 

urban heat island effect, Kondo et al. (2021) found in their survey that some respondents 

adapted to the heat by choosing to avoid going outside on extremely hot days. They also 

documented that respondents mitigated heat indoors by closing curtains and blinds. Their 

result aligns with actions that mixed-aged adults and youth participants in my focus 

groups took to cover their windows with shading equipment, such as blankets, aluminum 

foil, plastic, and curtains.  

Some of the adaptation actions discussed by participants in my research, however, 

have not been shown to be effective in all cases. For example, in all focus groups, most 

participants reported using fans to keep cool; however, in a study of heat-related deaths 

during the 1995 Chicago heat wave, Semenza et al. (1996) found that fans did not reduce 

heat-related mortality and that they were an ineffective preventative measure for extreme 
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heat. Additionally, electric fans have been found to be associated with lower thermal 

satisfaction levels as compared to air conditioning (Lee and Shaman 2017). According to 

the New State Department of Health (2017), fans should not be used when temperatures 

exceed 95F because they create challenges for the body to naturally cool by causing 

sweat to evaporate from the skin at a slower rate (2017). To prevent this maladaptation 

during extreme heat events, the Oklahoma City-County Health Department could 

establish an educational campaign for community leaders that follows successful 

examples elsewhere. For example, the Philadelphia Health Department’s Division of 

Health Promotion organized an educational campaign prior to the summer to inform 

residents about heat vulnerability, heat-health effects, and proper usage of fans (Sheridan 

2007). The educational material was distributed to religious leaders, local civic agencies, 

and other officials.  

While community leaders expressed the need for more publicity of cooling spaces 

for the community to be more aware of the resources available to them during extreme 

heat events, mixed-aged adults and seniors emphasized the need for financial assistance 

programs being more publicized to ensure residents are informed of the resources 

available to them. Seniors stated that lists of resources available, such as cooling centers 

and funding sources, would empower people by providing helpful information that can 

assist them in dealing with the heat as well as other extreme weather phenomena. 

Similarly, VanderMolen, Kimutis, and Hatchett (2022) found that their study participants 

preferred heat risk education and warning messaging to be more thorough and specific. 

To create more effective heat risk education and warning messaging, they recommended 

that content include information on specific groups vulnerable to heat, potential heat-
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related health impacts and how to recognize their symptoms, and preventative measures 

that can be taken to mitigate heat-related health impacts.  

One community leader in Oklahoma City recommended that more advisories be 

shown on TV to help inform watchers of the importance of heat awareness. Although 

community leaders recommended that marketing be conducted around extreme heat, both 

seniors and community leaders agreed that receiving mobile notifications regarding 

extreme heat conditions would not be helpful for the community. While some groups 

from our study disliked the idea of heat risk messaging on mobile devices, VanderMolen, 

Kimutis, and Hatchett (2022) emphasized that educational campaigns should engage the 

public using multiple channels of communication. This idea could be incorporated easily 

to help residents of northeast Oklahoma City. For example, one community leader 

recommended that more cooling centers post signs stating they are a public cooling space 

for people passing by. 

Both research questions were addressed by participants in the four focus groups, 

leading to in-depth local knowledge and experience that can aid the City of Oklahoma 

City in future planning efforts. Still, there remain limitations to this research. First, due to 

limited funding, I (the primary researcher) moderated the focus group discussions. While 

I had prior experience facilitating interview conversations, I did not have professional 

experience moderating group dialogues. My lack of focus group moderation training may 

have influenced the responses, as I may not have fully avoided bias in the dataset by 

balancing the conversation between domineering participants and more reserved 

participants. In the future, I recommend researchers either be trained in moderating group 
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conversations or hire a professional moderator to facilitate the focus groups to ensure the 

group dynamics are guided impartially.  

Another limitation involves the composition of the focus groups. Hay (2016) 

recommends that focus groups be comprised of people who are not well-acquainted with 

each other to reduce peer pressure and increase the opportunity for different or dissenting 

opinions. For the focus groups used in this study, however, participants mostly engaged 

with other participants through work, community centers, and volunteer initiatives. 

Additionally, because participants from all focus groups were from or associated with 

only the northeastern quadrant of Oklahoma City results and recommendations may not 

be generalizable to other parts of the city.  

To avoid these limitations in the future, I recommend conducting a more thorough 

study that is inclusive of participants from across various locations and sectors (e.g., 

business community, faith communities) of the city. In addition, to ensure the focus 

group samples accurately represent the population demographics of the city, more time 

should be allotted to form community partnerships between the researchers and local 

agencies, churches, and non-profits. By collaborating with more partners, researchers can 

reach out to a broader base of constituents, recruit more potential participants, and 

diversify the participant sample.  
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Chapter 5: Conclusions

The state of Oklahoma is projected to experience warmer temperatures in the next 

20 to 30 years if greenhouse gas emissions are not significantly curbed (Dixon et al. 

2020), with a related increase in the number of extreme heat days (McPherson et al. 

2023). Research has found that urban heat islands disproportionately and adversely 

impact people of color and low-income individuals, which is of concern for Oklahoma 

City, Oklahoma, because the city observes an urban heat island effect (Basara et al. 2010; 

Hsu et al. 2021). Our study found that parts of northeastern Oklahoma City are 

characterized by high percentages of people most vulnerable to extreme heat, including 

low-income individuals and people of color. To develop an understanding of how 

extreme heat impacts vulnerable communities living in the northeastern quarter of 

Oklahoma City, this research engaged four focus groups (seniors, youth, mixed-aged 

adults, and community leaders) to learn from their lived, place-based experiences and 

knowledge. 

The first research question inquired about how extreme heat conditions influenced 

the lives of people living in neighborhoods characterized by significant social 

vulnerability. I found that many participants emphasized that extreme heat events impose 

a significant economic burden on community members in the northeastern quadrant of 

Oklahoma City. The increased cost of utility bills during extreme heat events was a 

common concern voiced by each of the adult focus groups. In addition, all focus groups 

expressed that lack of available resources, such as bus shelters, shade trees, pools, and 

splash pads, affected people’s experiences in the heat. For example, many participants 

complained about the lack of bus shelters because bus riders experience direct heat 
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exposure. Given that some of the most heat-vulnerable populations (e.g., low-income and 

non-White) are more likely to use public transportation (Anderson 2016), it is important 

that amenities, such as bus shelters, be provided for bus riders to stay cool and mitigate 

their risk of heat-related mortality. In addition, many participants from all focus groups 

highlighted that more trees are needed to provide shade. In fact, at the time of this 

writing, the Boys and Girls Club of Oklahoma County are collaborating with a 

community partner to get more trees planted around their community center in the 

northeastern quarter of Oklahoma City.  

The second research question asked what the community members thought were 

the best practices for mitigating heat stress that can be implemented in Oklahoma City 

without harming the natural and social landscape that already exists. Participants voiced 

the need for financial assistance programs to be more available to ensure people needing 

support can access the programs and for more publicity about heat-related impacts and 

adaptation to increase community awareness. Results from this study provide 

opportunities for local planning agencies and non-profit leaders to address community 

needs relating to extreme heat. Based on previous research and the findings from this 

study, I recommend that an educational campaign be established by city officials, in 

collaboration with non-profits and churches, to effectively communicate the risks 

associated with extreme heat and inform the public of preventative strategies to mitigate 

their risk.  

Overall, this study is important to understanding the place-based needs of 

residents in parts of northeastern Oklahoma City – an area with a population that is 

highly vulnerable to weather extremes such as extreme heat. The research contributes to 
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the broad literature on extreme heat by building an understanding of how these weather 

phenomena impact socially vulnerable communities living in the northeastern quadrant of 

Oklahoma City. In addition, it provides ideas for advancing heat-health programs, such as 

educational campaigns and financial support services.  
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Appendices 

Appendix A: Focus Group Questions 

Theme: Introduction  

1. Can we please go around the room one at a time to the name you would like to go

by during this discussion (such as a nickname), how long you’ve lived in the

area, and a fun fact (such as a favorite movie, series, superhero, me-time activity,

etc.)?

2. To start, can you all please share with me what you remember about the heat

from this past summer?

Theme: Past Experiences  

3. Thinking about heat waves in this way, can you remember any past experiences

you have had with uncomfortably hot temperatures, lasting for days or weeks at a

time, in Oklahoma City?

4. How do you generally act in response to the extremely hot temperatures during

heat wave events in Oklahoma City? For example, what are some of the ways

you get ready for hot temperatures that you take, does your routine change, do

you still go to school or work, do you go to public locations where air

conditioning is freely available, and how do you get around to where you need to

go.

Theme: Awareness and Prevention  
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5. Can you please explain how you know when there will be extremely hot

temperatures and the impacts the heat may have on your life?

6. Do you know how members of your surrounding community deal with extremely

hot temperatures? If yes, can you please explain?

Theme: Housing Conditions 

7. How does the structure of your house handle extremely hot temperatures?

Theme: Futurity  

8. Can you please share any ideas you may have for improving how you and

your surrounding community respond to and recover from extremely hot 

temperatures?   
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Appendix B: Focus Group Script 

Introduction  

Scripted Transition: Welcome everyone! Thank you so much for joining us today and 

agreeing to participate in this focus group discussion. My name is Ebone Smith, a 

second-year masters at the University of Oklahoma. My research interests focus on 

learning how justice can be brought to vulnerable neighborhoods that survive hazardous 

weather conditions. These focus group discussions are a part of my masters research, 

which focuses on learning how uncomfortably hot temperatures impact underrepresented 

communities, such as people of color, low-income communities, seniors, youth, and 

single-parent families, living in Oklahoma City.    

These focus groups are designed to create a safe space for community members to share 

their experiences with heat and discuss ways to improve resources/services to prevent 

risks from extreme heat in the future. Today we will be sharing our experience with hot 

temperatures during the past summer months.    

1. Before we begin with the experience questions, it would be great if I could get to

know a bit about you all so we can become more familiar with each other. Can we

please go around the room one at a time to share your name or pseudonym, how

long you’ve lived in the area, and a fun fact (such as a favorite movie, series,

superhero, me-time activity, etc.)?

2. To start, can you all please share with me what you remember about the heat from

this past summer?
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Past Experiences with Heat Waves  

Scripted Transition: Thank you sharing that information with me. I will now start asking 

questions focused on your past experiences with heat waves while living in Oklahoma 

City. For your reference, this research defines heat waves as a type of severe weather 

threat that maintains uncomfortably hot temperatures for two days or longer. These high 

temperatures are above the normal, expected outdoor temperatures for a city or town. 

3. Thinking about heat waves in this way, can you remember any past experiences

you have had with uncomfortably hot temperatures, lasting for days or weeks at a

time, in Oklahoma City?

Prompted Follow-up Questions (to be asked only if needed to further conversation):  

i. During these past experiences, do you recall how you typically felt

emotionally and physically? (e.g., exhausted, thirsty, faint, irritable)

ii. Have heat ways negatively impacted your health, work, methods of

transportation, family, or friends?

iii. What actions did you take to overcome these impacts?

4. How do you generally act in response to the extremely hot temperatures during

heat wave events in Oklahoma City? For example, what are some of the necessary

precautions that you take, does your routine change, do you still go to work, do

you go to cooling centers, and how do you get around to where you need to go.

Prompted Follow-up Questions (to be asked only if needed to further conversation): 
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i. How did you develop your ways of dealing with heat waves? Did you

learn them from someone? Are these behaviors you have adapted over

time?

ii. How do you typically prepare for heat waves? (e.g., do you have an

emergency preparedness plan, do you reschedule your work shifts, do you

use fans or A/C, do you learn where the nearest cooling center is)

iii. If you have to prepare for heat waves, how do you typically feel when

preparing? (e.g., overwhelmed, worried, uninformed, nonchalant,

burdened, etc.)

iv. What resources are available to you that you know about?

v. How do you feel about the resources available to assist you with these

impacts?

vi. When there are extreme heat conditions, are the people you communicate

with to ensure each other’s safety? (e.g., do you check on anyone, does

someone check on you)

Awareness of Heat Waves and Preventative Measures  

Scripted Transition: Thank you for telling me about your past experiences with heat 

waves. We are now going to start talking about your awareness of heat waves and how 

you stay safe during them.   

5. Can you please explain the process of which you are informed of extreme heat

conditions and the impacts the heat may have on your quality of life?

Prompted Follow-up Questions (to be asked only if needed to further conversation):  
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i. Can you please explain how you are informed of heat wave conditions?

ii. How much time in advance do you have to prepare?

iii. How do you get warnings about heat conditions? (e.g., on your phone,

through the local news, from a friend tell, or from leadership or

administration in your community, etc.)

iv. Are there any actions or steps that have been recommended to you to

prevent serious health consequences caused by extreme heat? (e.g., cold

damp compress, water, A/C, cooling centers, etc.)

a. Where did you learn these from?

b. How have these recommendations helped you in the past, if at all?

v. How do you feel about the heat wave information you have been given in

the past? (e.g., do you feel like you have the information you need to keep

yourself safe, do you feel like you need more information, is there

anything you are curious about)

Housing Conditions  

Scripted Transition: We are now going to discuss how equipped your house is for 

dealing with extreme heat.    

6. How do you feel the structure of your house and your surrounding community

deals with extreme temperatures?

Prompted Follow-up Questions (to be asked only if needed to further conversation):  
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i. Can you please describe your access to air conditioning within your home

when heat waves are taking place?

a. What influences your use of air conditioning generally or during

heat waves? (e.g., cost, outages, etc.)

ii. If you live in an apartment, can you please explain how your apartment

complex leadership handles heat wave events? (e.g., do they send out

notifications and provide information, do they offer a place for cooling)

a. Do you think the way your apartment complex deals with heat

waves helps you?

iii. Do you know how far away you live from the nearest cooling center to

your neighborhood?

iv. Do you have well-insulated windows?

Future Adaptation and Resilience  

Scripted Transition: Before we wrap up this interview, I would like to ask you a few 

questions about how you think your community can respond better and deal with heat 

waves.    

7. Can you please share any ideas you may have for improving how your

community responds to and recovers from extremely hot temperatures?

Prompted Follow-up Questions (to be asked only if needed to further conversation):   

i. What are some resources you feel are lacking when dealing with the hot

temperatures that come from heat waves? (e.g., transportation, proximity

to cooling centers, general warning information, etc.)
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ii. Can you please share if there are resources you feel you could benefit

from, so you can avoid the potentially fatal consequences of the hot

temperatures?

iii. How do you feel your needs are responded to by emergency officials, such

as medical responders? (e.g., do feel your needs at met in a timely fashion)
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