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A B S T R A C T   

Heat waves are becoming more common and intense around the world as a result of climate 
change, and they are affecting the resilience and livability of cities. Extreme heat can be fatal for 
people who are unacclimated or unable to seek relief. Heat-related illnesses and deaths are largely 
preventable, yet public health efforts can at times fail to account for important contextual factors 
in their policy responses (e.g., differential vulnerability due to pre-existing medical conditions, 
where people live or work, or people's self-perception of risk). Understanding these contextual 
factors is an essential foundation for identifying policy responses that can make tangible progress 
in reducing heat-related illnesses and saving lives during extreme heat events. While extreme heat 
is an issue faced by communities internationally, we contend that a state or region-specific 
contextual and problem-oriented policy analysis, such as we present here, is critical to saving 
lives because: (1) many of the factors driving extreme heat vulnerability are local in nature and 
(2) the resilience strategies best suited to improve public health outcomes generally rely on local 
and state policy. This article examines the key factors conditioning public health impacts of 
extreme heat in Washington state based on the framework of sensitivity, exposure, and adaptive 
capacity. Drawing upon our analysis of heat vulnerability in Washington state, we examine a suite 
of policy options within the context of Washington's communities that are tailored to mitigate, 
prepare for, respond to, or recover from heat waves and reduce heat-related illness and death in 
urban or suburban settings. We find extreme heat affects subpopulations differentially because of 
various contextual factors; this suggests a wide range of policy alternatives is necessary to 
meaningfully improve health outcomes community wide. Moreover, the array of policy alterna-
tives often rely on agencies whose missions do not prioritize public health. We conclude that 
without mechanisms for formal coordination among implementing partners and agencies with an 
important role in protecting public health, important policy alternatives that serve vulnerable 
subpopulations will likely be neglected. We present this problem-oriented analysis of extreme 
heat in Washington state as a case study for identifying and evaluating contextually specific 
climate resilience strategies in the hopes that it can be useful across other geographies with 
different governance contexts, and perhaps even for other climate impacts.  
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1. Introduction 

Climate change, including more frequent and intense extreme events, has caused widespread adverse impacts to the health and 
livelihoods of people worldwide and is projected to intensify in the future (Jay et al., 2018; IPCC, 2022). Actions taken to adapt can 
reduce the vulnerability and risk that climate change poses to public health. While some progress in adaptation planning and 
implementation has occurred, most observed adaptation has been fragmented, small in scale, incremental, sector-specific, designed to 
respond to current impacts or near-term risks, and focused more on planning rather than implementation (IPCC, 2022; Jay et al., 
2018). 

The aim of this study is to provide relevant information to people in a position to make tangible progress on addressing heat-related 
illness (HRI) and death from extreme heat events in a comprehensive way. In our experience, decision makers place a premium on 
information that is context-specific and relevant to the demands of the decision maker. Consequently, we do not presume to provide 
generalizable conclusions potentially relevant across countries, continents, and regions. Instead, we investigate the particulars of a 
single geographic area—Washington state—with the aim of providing context-specific and actionable information that can support 
policy implementation by a range of decision makers and stakeholders in a position to reduce HRI and death from extreme heat events 
in that geographic area. In other words, this study treats the governance context of action to address extreme heat (i.e., which in-
dividuals and institutions have authority and control over potential alternatives to reduce HRI and death from extreme heat) as a 
critical epistemological constraint that defines the scope of this study in the interest of providing actionable science and actionable 
policy analysis (Ekstrom and Moser, 2014). This approach is consistent with well-established theories of adaptive governance (Brunner 
et al., 2005; Brunner and Lynch, 2010; Ruhl et al., 2020).2 

Heat waves are periods of unusually hot days, and they are becoming more frequent, more severe, and longer in duration across 
much of the North American continent. Since 1960, the 50 largest metropolitan areas in the U.S. have on average seen the number of 
heat waves a year triple (2.04 to 6.02); their minimum daily temperatures rise [1.99 ◦F above local temperature thresholds to 2.46 ◦F 
(0.56 ◦C to 1.37 ◦C)]; and their length grow (2.98 days to 3.96 days; see Fig. 1; U.S. EPA, 2022b). Observed and projected future 
increases in extreme heat can be directly linked to a warmer world (Hayhoe et al., 2018). Over the next few decades, average annual 
temperatures in the contiguous U.S. are expected to increase about 2.5 ◦F (1.4 ◦C) regardless of future emissions, and may increase 
from 3 ◦F to 12 ◦F (1.6 ◦C to 6.6 ◦C) by the end of the century depending on global scenarios of socioeconomic development, population 
growth, and associated greenhouse gas emissions and land-use changes (Hayhoe et al., 2018). 

Although historically seen as having mild summers, Washington state is not immune to these national trends of extreme heat. By 
2030–2059, Washington is expected to average three additional heat waves a year compared to records from 1970 to 1999 (Salathé 
et al., 2010).3 In addition to increases in mean temperatures, climate change will increase temperature variation, resulting in 
increasingly likely extreme heat events (Allen et al., 2018). The 2021 Western North America heat wave saw recorded temperatures 
across Oregon, Washington, and the Canadian province of British Columbia reach 60 ◦F to 68 ◦F (16 ◦C to 20 ◦C) above historically 
normal maximums (Philip et al., 2021). In today's climate, such an event is incredibly rare—a 1-in-1000 year meteorological even-
t—but climate scientists project a similar event would occur roughly every 5 to 10 years in a future world with 3.6 ◦F (2 ◦C) of global 
warming (Philip et al., 2021). 

Extreme heat is the leading weather-related cause of death in the United States (U.S. EPA, 2022a). The annual death rate is even 
higher when accounting for deaths in which heat was reported as a contributing factor (U.S. EPA, 2022a). The 2021 Western North 
America heat wave was especially deadly. Washington State DOH's official death toll from the heat event was 157 people; however, 
Washington saw nearly 450 more deaths during that seven-day stretch than would be expected based on averages from prior years, 
making it one of the deadliest natural disasters in state history (Washington State DOH, 2022c; Popovich and Choi-Schagrin, 2021). 

It is not just extraordinary meteorological events like the 2021 Western North America heat wave that can lead to HRI and death. 
When daily maximum temperatures reach or exceed the historical 99th percentile—so called “hot days”—the risk of hospitalization 
and death increases (Isaksen et al., 2016; Calkins et al., 2016).4 Based on business-as-usual greenhouse gas emission projections (RCP 
8.5), most of Washington's urban centers—in particular Bellingham, Bellevue, Everett, Seattle, Spokane, Tacoma, and the Tri Cities 
area—are expected to see 25 or more days over 99th percentile on average by 2050 (Washington State DOH, 2022a). During “hot days” 
in King County, the risk of death increases 10%, hospitalizations rise 2%, and calls for emergency medical services (EMS) increase up to 
14% (Isaksen et al., 2016; Calkins et al., 2016). 

Moreover, the severity of public health risk may increase as hot days trend toward being hotter. A 2012 Oregon Health Authority 
study which analyzed hospitalization and mortality statistics from the prior decade found that a 10 ◦F (5.6 ◦C) increase in maximum 
daily temperature was associated with a 266% increase in the rate of HRI (Dalton et al., 2013). In King County, a public health study 
found that every unit increase in humidex above 96.8 ◦F (36 ◦C) increased the risk of all-cause deaths by 1.69% (Isaksen et al., 2016). 

2 Adaptive governance, characterized by decentralized decision making, procedural rationality, and contextual application of scientific knowl-
edge, has emerged in complex policy contexts due to the perceived shortcomings of scientific management or conventional patterns of top-down 
authority relying on technically rationalized methods and scientific knowledge presumed to be generalizable across contexts.  

3 Heat waves in this projection consist of three or more consecutive days with a daily humidex exceeding 90◦F (32◦C). Humidex is an index that 
measures the combined effects of temperature and humidity (based on dew point).  

4 A 99th percentile heat day in King County, based on observations between 1980 and 2010, is a day when the humidex exceeds 97◦F (36.1◦C). A 
humidex of 36.1◦C is roughly equivalent to 81◦F and roughly 70% relative humidity–the average humidity in Seattle in August–or 97◦F with 30% 
relative humidity–the relative humidity recorded throughout western Washington during the 2021 Western North America heat wave. 
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Fig. 1. Heat Wave Characteristics in the United States by Decade, 1961–2019 (Credit: U.S. EPA, 2022b).  
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Recent extraordinary extreme heat events and news coverage connecting such events to climate change has brought renewed 
attention and urgency to advancing a public health response during extreme heat events (Bush and Bernton, 2021; Hopke, 2019). The 
most successful policies are place-based approaches that reflect context-specific vulnerabilities. Using Washington state as a case study, 
we conduct an empirical and problem-oriented assessment of the risk factors that lead to HRI and death from extreme heat events in 
order to provide salient and actionable information to jurisdictionally relevant decision makers and stakeholders in the communities 
within Washington state. Then, we present several policy strategies relevant to Washington state and consider the important 
contextual factors and shortcomings of popular or mainstream solutions, such as the focus on access to air conditioning and tree 
planting campaigns. This kind of analysis is a necessary first step—and only the first step—toward empowering decision makers across 
all levels of government in Washington state to focus their limited time and resources on the most effective public health interventions 
within their authority and control. 

2. Understanding vulnerability 

In the Washington State's Integrated Climate Response Strategy (Washington State Department of Ecology, 2012), the Washington 
State Department of Ecology recommended action be taken to protect the health and wellbeing of communities most vulnerable to 
impacts of climate change, extreme heat being one of them. To identify who in Washington is vulnerable to extreme heat requires a 
deeper understanding of the determinants of that risk. Population-wide health statistics mask the reality that hot weather does not 
impact everyone the same. Increased health risk is a function of a person's sensitivity to extreme heat, the duration and intensity of 
their exposure, and their capacity to adapt and avoid the potential harmful effects of heat stress. Some demographic groups are more 
vulnerable than others because they have greater sensitivity, more exposure, and/or less adaptive capacity. 

We have isolated the component parts of vulnerability to examine how they contribute to an individual's risk of hospitalization and 
death during heat waves. Not all hospitalizations and deaths during extreme heat events are recorded as heat-related because excessive 
heat may trigger other fatal health complications (e.g., renal failure or a heart attack), which may be listed as the proximate cause of 
death. In Section 2.1 on sensitivity, we look at the physiological factors that increase vulnerability, including age, cardiovascular 
health, and respiratory health. Section 2.2 on exposure explores the relationship of vulnerability with where people live and work. 
Urbanites are not uniformly exposed to heat. Urban heat islands can increase temperatures and can prevent diurnal cooling, leaving 
residents with little reprieve from heat stress, even at night. In Section 2.3 on adaptive capacity, we consider the behavioral and 
physiological strategies individuals have for coping with or adapting to hot temperatures. 

2.1. Sensitivity: age and pre-existing conditions 

Sensitivity is a person's physiological susceptibility to heat-related health effects. The most severe form of HRI is heatstroke, which 
can lead to permanent disability and death. Classic heatstroke occurs when the body can no longer thermoregulate by increasing blood 
flow toward the skin to improve heat transfer and evaporative cooling from sweating (Ebi et al., 2021). Heatstroke can also be trig-
gered when metabolic heat produced from strenuous physical activity overwhelms the thermoregulatory mechanisms, called exer-
tional heatstroke. We discuss the risk factors of exertional heatstroke in the next section on exposure. The physiological factors that 
underpin classic heatstroke can help explain who is at higher risk of hospitalization and death during extreme heat events. 

Age can compromise a person's capacity to maintain body temperature, as can certain prescription medications and drug use. 
Physiologically, elderly adults have a diminished ability to sweat, and infants have a lower heat loss capacity relative to adults (Ebi 
et al., 2021). For that reason, hospitalization and death rates tend to be higher for these age groups. For example, in 2021, fully two- 
thirds of official heat-caused deaths were among Washingtonians 65 and older, despite only making up 17% of the population 
(Washington State OFM, 2022b). The Washington Department of Health estimates about 50% of all heat-related hospitalizations each 
year are people aged 65 and older (Washington State DOH, 2022b). 

Pre-existing medical conditions can also contribute to complications in the physiological response to extreme heat. Increased blood 
flow requires the heart to pump harder and faster, which worsens health risks among people with cardiovascular and cerebrovascular 
disease. Meanwhile, sweat production can lead to dehydration and electrolyte imbalances, affecting people with related comorbidities. 
Consequently, people with diabetes, kidney disease, and obesity tend to be at higher risk of heat-related hospitalization and death (Ebi 
et al., 2021; Isaksen et al., 2016). 

Another significant risk factor of hospitalization and death during extreme heat events is respiratory illness (Berko et al., 2014). Hot 
days are often correlated with elevated ground-level ozone and pollen which acutely affect people with respiratory diseases, such as 
chronic obstructive pulmonary disease (COPD) and asthma (Nolte et al., 2018; Balbus et al., 2016). A study in Mexico found that 
respiratory epidemics may explain up to 50% of heat-related excess deaths in Monterrey during days 95 ◦F (35 ◦C) and above (O'Neill 
et al., 2005a). 

While these physiological conditions are the primary drivers of sensitivity, environmental factors are known to increase the risk of 
developing the pre-existing medical conditions that increase a person's vulnerability. Lifelong exposure to air and noise pollution leads 
to elevated rates of cardiovascular disease, hypertension, and respiratory illness (Brook et al., 2010; van Kempten et al., 2018). 
Pollution is not evenly distributed across a metro area. Although racially discriminatory and exclusionary tactics in real estate and 
housing, often called redlining, were banned in the U.S. as part of the Fair Housing Act of 1968, the legacy of those tactics have 
contributed to the inequitable distribution of point source and non-point source pollution. As a result of the underlying sociological, 
economic, and policy drivers that perpetuate inequalities, low-income households and communities of color continue to be dispro-
portionately exposed to higher levels of pollution and thus have higher rates of physiological risk factors (Washington State DOH, 
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2006; University of Washington, 2019; Washington State DOH, 2013). 
Demographic projections alone suggest the number of heat-caused and heat-contributing deaths will grow in the future. Although 

rates of some comorbidity factors like obesity and diabetes have stabilized in Washington in the last decade, Washington's population is 
getting older (Washington State DOH, 2019; Washington State DOH, 2022e). In 2010, 12.3% of the population was 65 and older, but 
by 2040, demographers project older adults will make up 21.7% of the population (Washington State OFM, 2022b). In the last decade, 
Washington has added nearly 400,000 more people 65 and older (2010− 2020), and the total population of older adults is expected to 
exceed 2 million by 2040 (Washington State OFM, 2022b). The prevalence of asthma and respiratory disease has also been increasing. 
In 2020, an estimated 15% of adults in Washington report being diagnosed with asthma, up from about 12% of the adult population 
two decades prior (CDC, 2022a). 

Researchers have identified several other behavioral factors contributing to higher rates of hospitalization and death during heat 
waves. Alcoholism, use of narcotics, and certain prescription medications can impair sweating or induce excessive sweating and 
therefore cause dehydration (Ebi et al., 2021). Additionally, individuals who are bedridden, socially isolated, or unable to care for 
oneself have been found to have higher risk of severe HRI (Berko et al., 2014). 

2.2. Exposure: urban heat islands and occupation 

Severe or prolonged heat exposure can also cause HRI and death (U.S. EPA, 2008). Depending on the physical characteristics of the 
urban environment, high temperatures can rise several degrees and extend well into the evenings, when undeveloped rural areas 
typically begin to cool down. People living or working in these settings are more likely to experience heat stress that can lead to 
negative health outcomes, even among the most heat-tolerant individuals. 

Areas that lack vegetation and have a concentration of development are considered urban heat islands because they become 
relatively hotter than outlying areas. According to the EPA, the urban heat island effect can cause surface temperatures to rise 1–7 ◦F 
(0.6–3.9 ◦C) during the day and 2–5 ◦F (1.1–2.8 ◦C) at night relative to adjacent rural areas, with the differential being greatest in cities 
located in areas of temperate forests, which characterizes much of Washington state (Hibbard et al., 2017).5 The urban heat island is in 
part a result of artificial surfaces, such as asphalt and concrete, absorbing solar energy and radiating it back as heat. Trees and other 
shade providing structures can moderate this effect by reducing the amount of time these surfaces are exposed to sunlight. As a result, 
urban cores with high-rises or artificial canopies can experience lower air temperatures than outlying urban areas such as suburban 
shopping centers with large parking lots and industrial zones (Middel et al., 2021; Voogt, 2000; see Fig. 2). 

Importantly for communities that lack access to cooling interventions like air-conditioning in residential buildings, the impact of 
the urban heat island effect on nighttime temperatures can have significant implications on public health. Urban heat islands effec-
tively weaken nocturnal radiative cooling when daily temperatures typically reach their minimum (i.e., the dashed lines in Fig. 2 are 
closer together). While some scientific studies suggest that daily mean and maximum temperatures for heat waves are better at 
predicting all-cause mortality than daily minimum temperature (Guo et al., 2017), other studies suggest that high nighttime tem-
perature has a stronger association to increased all-cause deaths than daytime temperatures (Kilbourne et al., 1982; Sarofim et al., 
2016). Prolonged heat stress indicative of abnormally high nighttime temperatures increases the risk of developing comorbidities such 
as diabetes or respiratory and circulatory system failures. For Washington state, climate change will worsen the impact of the urban 
heat island effect as average temperatures rise and the frequency of heat events are projected to increase throughout the 21st century 
(Dalton et al., 2013). By the 2050s, average temperatures in the Pacific Northwest region are projected to be 5.8 ◦F (3.2 ◦C) warmer 
relative to the last half of the 20th century (University of Washington Climate Impacts Group, 2022). 

Development is a key driver in the expansion of the urban heat island effect, and projected growth in the spatial extent of 
development and population density of urban areas is only expected to strengthen the urban heat island effect in the future (Hibbard 
et al., 2017). Rapidly developing areas in Washington state are effectively increasing their urban heat island. For example, in King 
County, interior forest habitat and wildland areas decreased by 41% between 1974 and 1998, a loss of more than 10,000 acres 
(Robinson et al., 2005; King County Department of Natural Resources and Parks, 2021). The ability for green spaces to reduce tem-
peratures and the urban heat island effect is determined by their size and shape. Small green spaces, or those with higher perimeter/ 
area ratios6 do not offer substantial cooling (Monteiro et al., 2016). Development and available green space are not uniform across 
metro areas throughout the country. Impervious surfaces, such as highways and large building complexes, are more prevalent in 
historically underserved urban areas as a result of exclusionary zoning practices, such as red lining. Nationally, parks that serve low- 
income households are four times smaller, and those in majority non-white neighborhoods are on average half as big (Harlan et al., 
2006; Watkins and Gerrish, 2018). As such, land surface temperatures in areas that were formerly redlined are approximately 4.7 ◦F 
(2.6 ◦C) warmer than in non-redlined areas across the country (Hoffman et al., 2020). 

In 2020, King County funded a heat mapping project to provide a snapshot of heat exposure across the county. It found that 
“thermal inequities” disproportionately affecting low-income, predominantly non-white communities. For instance, evening tem-
peratures in Seattle's Lawton Park and Madison Park, two largely White and affluent neighborhoods near large, forested 

5 It is important to note the difference between surface temperatures (i.e., typically an infrared measurement of ground surface temperature) 
versus air temperatures (i.e., typically a thermometer reading of air at 1.5 meters above ground level). Both combine in increasing heat stress on the 
body.  

6 Perimeter/area ratio is a measure of how much area is exposed to perimeter effects, in this case relatively warmer urban temperatures. A square 
has an efficient perimeter/area ratio compared with a long, narrow rectangle of the same area. 
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areas—Discovery Park and the Arboretum—are as much as 20 ◦F (11.1 ◦C) cooler than temperatures in Renton, Kent, and Auburn with 
its long and continuous commercial-industrial corridor (see Fig. 3). Importantly, many of the same physical characteristics that cause 
urban heat islands, such as highways and industrial parks, often contribute to air pollution and other environmental stressors that 
affect health and heat-sensitivity of residents, such as respiratory illness and kidney disease (National Institute of Environmental 
Health Sciences, 2022; Kuźma et al., 2021). King County's metro health profiles confirm this correlation: incidence of kidney disease, 
respiratory illness, and obesity are all higher in the aforementioned urban heat island spanning Renton, Kent, and Auburn relative to 
the rest of the county (King County Public Health, 2016c; King County Public Health, 2016b; King County Public Health, 2016a). 

As urban development and growth has intensified urban heat islands, the number of people living within them has also grown. In 
the last decade, more than 65% of Washington state's population growth has occurred in the state's five largest metropolitan counties: 
Clark, King, Pierce, Snohomish, and Spokane. Part of that growth is among populations who are more sensitive to extreme heat. The 
majority (approximately 58%) of adults 65 and older reside in Washington's metro counties where their population has doubled in the 
last two decades, from 393,000 in 2000 to 785,000 in 2021 (Washington State, 2022a). 

While the urban landscape can influence exposure to extreme heat, so too can occupation and individuals who are outdoors during 
hot days, such as athletes and the unhoused. Extreme heat is believed to cause or contribute to an average of 120,000 occupational 
injuries per year in the U.S. (Adrienne-Arsht Rockefeller Foundation Resilience Center, 2021). Prolonged heat exposure for workers 
conducting physical labor can result in heat exhaustion and heat cramps to more serious and potentially deadly forms of HRI, such as 
kidney damage and exertional heatstroke (Al-Bouwarthan et al., 2020; Eisenman et al., 2016). Environmental factors influence the 
heat load on a worker. In addition to ambient temperatures and humidity, air movement, ventilation, clothing worn, and direct sun 
exposure can affect heat transfer (Jackson and Rosenberg, 2010). Laborers both indoors and outdoors can suffer from hazardous heat 
exposure, especially if they wear personal protective equipment that insulates metabolic heat and prevents evaporative heat loss, such 
as coveralls (Jacklitsch et al., 2016). 

The number and rate of HRI claims is increasing in Washington, even though many incidents likely go unreported due to insuf-
ficient monitoring, disincentives such as piece rate wages, or because the worker was exempted from workers' compensation systems 
(Bonauto et al., 2007). Between 2006 and 2017, Washington State Department of Labor & Industries (L&I) accepted 654 workers 
compensation HRI claims, up from 480 across the previous 11 years (Hesketh et al., 2020; Bonauto et al., 2007). Among HRI claims, 
approximately 15% involved serious health effects, including heatstroke and acute renal failure and 11% involved inpatient hospi-
talizations or deaths (Hesketh et al., 2020). As of 2022, an estimated 150,000 people in Washington work in industries with the highest 
rates of reported HRI incidents today—fire protection, roofing, bridge and street construction, agriculture, and forestry—and except 
for loggers and forestry professionals, the number of people in these occupations is projected to grow over the next decade (Hesketh 
et al., 2020; Washington State Employment Security Department, 2022). Moreover, national statistics show that the very demographic 
groups who are more vulnerable due to exposure to elevated levels of air and noise pollution and residing in urban heat islands are also 
more likely to hold jobs where they have greater occupational exposure to extreme heat (U.S. EPA, 2021). In Washington, Latinos are 
overrepresented in occupations with the highest rates of HRI (U.S. Bureau of Labor Statistics, 2022). 

2.3. Adaptive capacity: air conditioning and acclimatization 

Adaptations can minimize sensitivity and exposure, making heat-related death largely preventable (Widerynski et al., 2016). There 
are several ways an individual can improve their adaptive capacity and reduce risk of HRI or more serious complications during heat 
waves. Increasing hydration, reducing physical exertion, avoiding sun exposure, and cooling the neck region have all been well- 
studied, documented, and disseminated by health agencies, worker safety organizations, and news media (Jacklitsch et al., 2016; 
Washington State DOH, 2022d; Clarridge, 2021). However, when those strategies are not available to or properly utilized by sensitive 

Fig. 2. Variations of Surface and Atmospheric Temperatures (Credit: U.S. EPA, 2008).  
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or exposed persons, their vulnerability persists. 
Despite its role in contributing to future global warming and increasing local ambient temperatures, the most common adaptive 

strategy for reducing thermoregulatory demands employed extensively throughout the United States has been air conditioning (AC). 
Spending time in air-conditioned places, even at short intervals, is one of the safest ways to help the body regulate its internal tem-
perature thereby decreasing risk of heatstroke and critical thermal stress (Medina-Ramón and Schwartz, 2007; Cardoza et al., 2020). A 
large survey of heat-related mortality conducted in the 1980s found hot weather death rates were nearly halved among people with 
central AC in their homes (O'Neill et al., 2005b). Consequently, heat-related mortality rate tends to be higher in cities where AC is less 
prevalent (O'Neill et al., 2005b). 

Because of its historically mild summers, Washington has lagged far behind the rest of the country in penetration of residential AC. 
As recently as 2015, just one in three households in Seattle had AC. Compare that to 90% in Boston, 92% in New York, and 70% in 
Portland, OR (Balk, 2018; USA Facts, 2022). Although another 250,000 homes in King, Pierce, and Snohomish counties became newly 
air-conditioned in the five years that followed, still less than half of households have either central AC or window units. Moreover, the 
market penetration of AC in the Puget Sound region has largely been driven by people at relatively low risk—homeowners and high- 
income households (Balk, 2021). More vulnerable populations, such as low-income households and renters continue to lag far behind 

Fig. 3. Evening (7–8 pm) Area-Wide Predictions (Credit: CAPA Strategies, 2020).  
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national averages. Only 34% of households that earn $50,000 or less in King, Pierce, and Snohomish counties have AC in their home, 
and just 29% of rented houses in these three counties have them installed (Balk, 2021). 

While increased penetration of AC will decrease mortality rate, it will not eliminate the vulnerability altogether. Even in cities 
where there is nearly 100% AC penetration, heat deaths are still observed (Sarofim et al., 2016). AC units are only good insofar as they 
are used. Studies have shown low-income households are more likely to refrain from using AC in their homes to avoid high utility bills 
when they are already overburdened with housing costs (Semenza et al., 1996; Banerjee et al., 2020). Moreover, research suggests that 
AC can decrease the use of other adaptation techniques and even increase the severity of an urban heat island effect by pumping heat 
outdoors through a process called heat rejection (Hatvani-Kovacs et al., 2018; Salamanca et al., 2014). For instance, Sustainable 
Energy For All estimates nighttime temperatures are 3.6 ◦F (2 ◦C) warmer in Phoenix, AZ as a result of AC use (Miller et al., 2018). 

Cooling centers are a common emergency response to extreme heat across the U.S. and Canada. Cooling centers are typically 
designated air-conditioned facilities such as libraries, community and senior centers, schools, and malls where vulnerable persons can 
seek shelter if they do not have household AC units or may be hesitant to use them because of the energy burden of peak electricity 
costs (Widerynski et al., 2016). However, the true effectiveness of this intervention is inconclusive. One study has found that as 
temperatures increase, mortality from heat-related illness increases less in census tracts with more publicly accessible cooled spaces, 
but research exploring the direct impact of cooling shelters is lacking in the scientific literature (Eisenman et al., 2016; Abbinett et al., 
2018). Evidence from one study in Europe suggests that cooling centers are used more by low-risk individuals compared to high-risk 
individuals (Kovats and Kristie, 2006). Interviews with at-risk individuals in New York City offer some insights into why cooling 
centers are typically underutilized by the communities they are meant to serve. Generally, respondents did not perceive themselves as 
vulnerable, did not want to be surrounded by “old people,” or feared leaving their home unoccupied for long periods of time (Lane 
et al., 2014). 

Perception of risk and misinformation plague utilization of many effective behavioral strategies for reducing thermoregulatory 
demands and heat stress. Studies of vulnerable populations across several U.S. cities found that individuals tend to overlook or 
disassociate from risk factors and in some cases even increase their risk by unknowingly perpetuating harmful behaviors such as 
improper use of fans (U.S. EPA, 2016; Sampson et al., 2013).7 

The evidence of whether people will physiologically adapt to hotter temperatures as average temperatures rise is inconclusive. 
Most studies examining acclimatization look to occupational case studies for their findings. Research shows that the body can safely 
acclimate up to a point if gradually exposed to hot conditions of at least 2 h per day for 4 to 14 days (Jackson and Rosenberg, 2010). 
One of the physiological adaptations that occurs with acclimatization is greater sweat production and reduced electrolyte loss in sweat 
(Jacklitsch et al., 2016). A necessary condition for maintaining increased sweating is adequate hydration to replenish lost fluids. 
However, simply providing adequate potable water is insufficient to insure hydration (Jackson and Rosenberg, 2010). Training on the 
importance of hydration has been found to reduce the likelihood of “voluntary” dehydration. Research has found women workers 
avoid drinking when bathrooms are not readily available, therefore bathroom access is an important consideration in improving 
rehydration (Jackson and Rosenberg, 2010). 

Moreover, acclimatization can be lost if several days pass without the exposure (Jackson and Rosenberg, 2010). Concerningly, a 
lack of proper acclimatization can lead to potentially fatal outcomes. According to U.S. Occupational Safety and Health Administration 
(OSHA), 50% to 70% of outdoor fatalities occur in the first few days of working in warm or hot environments (OSHA, 2022a). A study 
of work-related HRI cases in California found that 80% of workers were within their first 4 days on the job (Jackson and Rosenberg, 
2010). 

In closing out this section, it is worth repeating that in addition to AC and acclimatization there are a number of well-known 
strategies for reducing heat stress, including increasing hydration, reducing physical exertion, avoiding sun exposure, and cooling 
the neck region. However, all such adaptive strategies suffer from similar challenges as AC and acclimatization, including economic 
disincentives, misinformation, maladaptive behavior, and poor self-perception of risk. 

3. Strategies for improved resilience 

Our analysis shows that many Washingtonians are vulnerable to extreme heat today, and certain populations are more at-risk than 
others. Washington policymakers have taken some significant, but largely opportunistic or ad hoc steps to respond to the elevated 
health risks of extreme heat already. For example, the L&I has expanded heat safety standards for outdoor workers, requiring more rest 
during excessively hot days; the Department of Social and Health Services issued guidance to its providers to closely monitor residents 
for signs of HRI during the 2021 heat wave; and King County has prioritized the protection and expansion of urban tree canopy and 
greenspace in the areas of greatest need. These measures illustrate the diverse actors and strategies for reducing HRI and death. But as 
evidenced by the death toll both directly and indirectly caused by the heat wave in 2021, without further interventions, the risk to the 
health and wellbeing of vulnerable populations will continue and worsen due to climate change, demographic trends, and other so-
cioeconomic factors. This section explores a suite of actions that could be implemented by policy makers to reduce the drivers of 
vulnerability: sensitivity, exposure, and underutilized or inadequate adaptive capacity. 

Our intention in this section is not to provide a comprehensive play book for each policy action, but to introduce a general audience 

7 While fans can help to improve evaporative cooling of sweat, the CDC and American Medical Association Council caution against its use as a sole 
adaptive strategy when heat index temperatures exceed 99◦F because it can actually increase heat stress by blowing air that is warmer than the ideal 
body temperature over the skin and hasten dehydration, especially when humidity levels are low. 
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to a suite of policy alternatives in sufficient detail to understand the basic outlines of the full range of health-protective policy in-
terventions available. Furthermore, while a single action could be selected for implementation, there are reasons to consider imple-
menting a portfolio of measures to reduce HRI and death from extreme heat. First, no single policy action is a panacea. Certain actions 
may provide a greater degree of protection for some demographics while insufficiently protecting others that are equally vulnerable. 
Second, extreme heat emergencies do not happen in a vacuum. They often coincide with other emergencies that may impact the 
efficacy of a given policy. For example, a simultaneous wildfire may impede electricity transmission connections across the state and 
contribute to electrical system failure, rendering adaptations like AC largely moot. To counteract cascading disasters, redundancy is 
essential. Third, some policies may be undermined by perception of risk, lack of trust, or maladaptive behavior. 

Within each policy action, the authors grapple with the co-dependencies of implementation. Some adaptation actions will 
necessitate managing multiple governing bodies and/or nongovernmental stakeholders to effectively reduce vulnerability among heat- 
sensitive groups and where exposure is greatest. For instance, the degree to which providing a cooling center is an effective strategy is 
contingent upon accessibility, communication, socialization of the concept, and ensuring reliable power, all of which require coor-
dination across stakeholders and pose potential barriers to success. 

As a final note, the actions presented in this section should not be perceived as an exhaustive list. They were chosen based on their 
ability to address vulnerability to extreme heat and highlight how contextual factors can complicate their success. They also illustrate 
that adaptive strategies may exist across the four phases of emergency management: mitigation, preparedness, response, and recovery. 
Mitigation actions focus on preventing or controlling anticipated impacts of the disaster; preparedness actions occur before an emer-
gency and encompass planning, training, and identifying gaps in response capabilities; response actions refers to actions taken during a 
disaster, such as coordinating public health response functions across multiple organizations; and recovery actions occur during and 
after the response and include restoration efforts and actions taken to reduce future vulnerability (Rose et al., 2017). Table 1 places the 
adaptation actions described below into the context of the four phases of emergency management and the three functions of 
vulnerability discussed above. 

3.1. Improve heat awareness, harness community-based monitoring of vulnerable households 

A communication strategy is often an integral part of a heat response plan (Abbinett et al., 2018). Messaging typically includes 
information about risk, strategies to stay cool, reminders to stay hydrated, and how to stay informed (CDC, 2022c). However, despite 
reaching most of the population, mass communication is not always effective at reaching the most vulnerable households. Research on 
heat health warning systems has found that these interventions may not reach those most vulnerable or meaningfully change their 
behavior (Sampson et al., 2013). A 2007 survey of residents in Phoenix found that despite nearly universal awareness of a heat 
advisory, only around half reported changing their actions on those days, and most concerningly less than 50% of persons over 65 
modified their behavior (Kalkstein and Sheridan, 2007). 

Generally, communication strategies are insufficient interventions on their own because individuals at greater risk of HRI may not 
consider themselves vulnerable or they perceive policy interventions, such as cooling centers, are not intended for them (Bassil and 
Cole, 2010). Familial, community, and peer relationships offer a promising solution for supporting behavior change and providing 
social support (Sampson et al., 2013). Harnessing these relationships could reinforce health safety action and even reduce strain on 
EMS demand during heat events, as such social support can meet much of the increased demand for EMS services that does not 
necessitate transportation to a hospital (Calkins et al., 2016). 

A program like this is being piloted as of 2022 in the City of New York. The Be A Buddy NYC program, launched by Mayor Bill de 
Blasio, matches at-risk residents of New York—including those with pre-existing medical conditions, people with mobility issues or 
living alone, and households without AC—with neighborhood volunteers who will check-in on them during severe weather events 
(City of New York, 2017). In New York, the program is administered by a community nonprofit, but it could be informally or formally 
organized by local or state emergency management, such as Pierce County's Neighborhood Emergency Teams or Washington's 
Community Health Volunteers. To support a program such as this, health professionals and local governments could facilitate iden-
tifying at-risk households, provide training for volunteers, and even supply basic life saving equipment, such as electrolyte drinks, 
electric fans, or cooling cloths during home visits. 

3.2. Identify where to prioritize emergency services 

Prioritizing emergency response services where heat-sensitive groups live can both achieve equity goals and most efficiently reduce 
population-wide hospitalization and death rates. The most common strategy for informing heat response plans in this way is drawing 
upon health outcome data, such as heat-related emergency room visits and EMS activity; however, this kind of analysis is underu-
tilized, according to the World Health Organization (Abbinett et al., 2018). Alternatively, knowing where the factors conditioning 
vulnerability, such as those discussed above, exist could improve planning for heat-related health emergencies. 

Washington state's HEAL Act, which passed in 2021, already authorizes the DOH to lead a statewide effort to reduce environmental 
health disparities and support better health outcomes by improving data integration, sharing, and analysis (Hall and Davis, 2020). The 
Environmental Health Disparities Map is one way DOH has communicated relative environmental vulnerability across the state 
(Washington State DOH, 2022f). For this policy recommendation, similar tools could be repurposed to illustrate where specifically heat 
vulnerability exists at a metropolitan scale. These heat vulnerability maps could better inform emergency planners where to target 
policy interventions, such as volunteer neighborhood response teams, EMS, and hospital staff and equipment. 

Alternatively, conditional health risk data could be derived from self-declared vulnerability. France instituted such a heat danger 
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registry, called Chalex, in the aftermath of a particularly deadly heat wave that struck Europe in 2003 (De Bono et al., 2004). Reg-
istrants, people aged 75 and older, disabled people, people with health problems and isolated people, receive cooling advice, a phone 
check up every two days during heat emergencies, and transportation to a cooling center if necessary. During a heat wave in 2015, 
Paris relocated around 100 vulnerable people through the program (Reil et al., 2016). 

3.3. Increase shade and vegetation in urban heat islands 

A simple way of mitigating vulnerability to extreme heat is by just reducing a person's exposure. Trees, urban canopies, and 
engineered shade such as umbrellas and shade sails, can reduce the body's heat load in one of two ways, by 1) reducing direct solar 
radiation and ultraviolet exposure, and 2) reducing air temperatures through a physical process called evapotranspiration (Middel 
et al., 2021). 

Shade can drastically reduce surface temperatures, which affects thermal comfort and contributes to the urban heat island effect. 
Several studies have found that the shade provided by trees or surface-covering vegetation like vines can reduce surface temperatures 
of buildings and pavement as much as 20–40 ◦F (11–25 ◦C) relative to fully sun-exposed surfaces (U.S. EPA, 2008). Non-natural shade 
performs just as well (Middel et al., 2021). However, the cooling effect of shade from an individual tree or canopy is very localized, so 
effectively reducing heat stress necessitates strategic siting of shade structures or vegetation where people are most likely to be 
subjected to excessive heat—in un-air-conditioned buildings and exposed public spaces (Shashua-Bar and Hoffman, 2019). For 
instance, trees on the west-facing side of a building are most effective at cooling buildings, especially if they shade any windows or part 
of the building's roof (U.S. EPA, 2008). 

Because of this localized effect, policies that influence urban design may be the best suited adaptive strategy for harnessing shade, 
including strategic use of incentives, procurement, ordinances, design guidelines, zoning codes, and building standards. The U.S. EPA 
provides a detailed examination of these various approaches in their compendium of strategies to reduce urban heat islands (U.S. EPA, 
2008). Many of these strategies are managed by a local, city, or county government; however, the state does have tools for regulating 
local policy. For counties participating in Washington state's Growth Management Act (GMA), state-level policy makers can influence 
land use, housing, parks, and transportation among other elements through comprehensive planning. The GMA (RCW 36.70A) stip-
ulates city and county comprehensive plans shall include certain elements, as well as guiding planning by enumerating a list of goals 
upon which plans are to be reviewed. The Washington state legislature has considered amending GMA in the last two legislative 
sessions—HB2427 in 2019–20 and HB1099 in 2021–22—to require consideration of climate adaptation in comprehensive plans. While 
these changes have not been enacted legislatively, the Washington State Department of Commerce is already developing pilot guidance 
for a “climate change element” to comprehensive plans, including action toward issues like urban heat (Washington State Department 
of Commerce, 2022). Separately, the state can leverage its regulatory authority over certain industries to encourage heat mitigation 
action, such as the case with HB1114 which advocates that utilities use tree planting programs in achieving their energy conservation 
goals. 

A participatory process can help identify and prioritize the most beneficial locations to plant trees or erect non-natural shade 
structures. As Arizona State University and the Greater Phoenix Heat Action Planning Guide facilitators found, how a community 
interacts with its environment can dictate who and where people are most vulnerable. Using a participatory approach, the researchers 
found priorities differed from community to community. Some neighborhoods requested shading routes used in accessing public 
transportation while others prioritized areas frequented by children (Arizona State University, 2019). 

Beyond strategically placed shade, research suggests that urban forests, parks, and other large, vegetated areas can reduce the 
magnitude of urban heat islands and offer respite for urban dwellers. In addition to providing shade from their canopies, trees can also 
modestly reduce air temperatures through a process called evapotranspiration, although the effect of shade represents most cooling at 
the micro scale (Park et al., 2019; Shashua-Bar and Hoffman, 2019). Not all trees produce significant reductions in air temperatures. 
Denser tree canopies have the greatest impact. Evapotranspiration, alone or in combination with shading, can help reduce peak 
summer air temperatures by 2–9 ◦F (1–5 ◦C; U.S. EPA, 2008). Increasing urban vegetation also has secondary benefits, such as 
regulating stormwater and absorbing carbon and other air pollutants (U.S. EPA, 2008). 

However, for governments looking to harness green infrastructure as a component in their heat mitigation plan, the cost of 
increasing urban vegetation and tree canopy in public parks and rights-of-way can be expensive. Planting a tree sapling is only part of 
the life cycle cost of this heat mitigation investment. To ensure juvenile trees reach maturity, when their cooling effects are maximized 
through evapotranspiration and canopy shade, requires regular maintenance, attention, and additional costs, as does restoring and 
protecting existing mature trees. The proximity of urban forests to development makes them vulnerable to disturbances and stress 
(Hilbert et al., 2019). Separately, to achieve a regional or neighborhood-scale impact will require planting trees in both public and 
private properties, which requires coordination with property holders and possibly incentive programs to help establish new trees. As a 
result, increasing urban tree canopies in an urban environment generally costs more per tree than in rural settings because of the 
unique maintenance challenges involved (King County Department of Natural Resources and Parks, 2021). 

Funding these expensive local interventions necessitates fiscal partnerships, often with state and federal agencies. One avenue for 
funding in Washington is applying for Community Forestry Assistance Grants. The Washington State Department of Natural Resources 
administers these grants which are funded by the U.S. Department of Agriculture's Urban and Community Forestry (UCF) program. In 
2021, HB1216 expanded UCF funding and broadened its mission with a focus on urban canopy and prioritizing efforts to address 
environmental health disparities. A separate avenue for funding is through FEMA and its Hazard Mitigation Grant Programs (HMGP). 
HMGP grants have a 25% (minimum) non-federal match requirement, which Washington state will split with grant recipients in 
2021–22. Washington's Emergency Management Division administers the HMGP and has stated it will prioritize funding for climate 
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change-driven natural hazards, including extreme heat. 
Urban planners and lawmakers are cautioned of an unintended consequence of urban greening in low-income neighborhoods 

where tree canopy is scarcest. Tree plantings and investments in public parks can increase property values and result in a form of green 
gentrification, causing an exodus of the vulnerable communities these efforts are meant to serve. To state the obvious, if vulnerable 
communities move away from the newly heat-mitigated urban environment, the health benefits will not accrue to the intended 
vulnerable population. To ensure urban greening benefits low-income neighborhoods, current recommended best practice is to include 
such efforts within a broader housing stabilization policy (Gould and Lewis, 2017). Alternatively, incorporating vegetation into plans 
for new affordable housing can also ensure these health benefits do not lead to green gentrification. 

3.4. Improve worker safety protections 

Starting in 2009, the L&I has required employers to create an outdoor heat exposure prevention plan, provide annual training, and 
increase the amount of water available on hot days (Washington State L&I, 2008). The outdoor heat exposure prevention plan en-
courages changing shifts to avoid working during the hottest period of the day and taking additional precautions during heat events 
when temperatures increase 10 degrees or more (Washington State L&I, 2022c). However, despite having these outdoor heat exposure 
rules, the rate of documented HRI cases has increased (Hesketh et al., 2020). Early season or sudden multi-day heat events, like the 
2021 Western North America heat wave, pose a significant threat to the health and well-being of workers because there is no chance for 
workers to naturally acclimatize (Hesketh et al., 2020). 

In response to the 2021 heat wave, L&I issued emergency rules to mandate employers provide access to adequate cool water and 
shaded areas, as well as paid cooldown breaks every two hours, or more often if certain temperature benchmarks are met. To improve 
worker safety protections, L&I could expand its heat exposure safety rules to include guidelines for acclimatization. NIOSH has 
compiled recommendations based on current scientific understanding (Jacklitsch et al., 2016). These include gradually increasing 
workers' time in hot conditions; shortening work periods and increasing rest periods when workers are exposed to higher temperatures, 
more humidity, or direct sunshine; improving hydration with cool water or sports drinks with electrolytes; and reducing distances to 
available bathrooms. 

At the time of this writing, L&I has already begun rulemaking activities to reestablish emergency outdoor heat exposure rules for 
2022 while lowering the temperature that triggers those rules; however, it has made clear that it will not be addressing indoor heat risk 
at this time (Washington State L&I, 2022a; Washington State L&I, 2022b). A larger, nation-wide update to worker safety protections, 
including a heat safety standard, is also underway. In 2021, the OSHA began the rulemaking process for establishing a national heat 
standard to protect both outdoor and indoor workers which preliminarily will consider acclimatization requirements (OSHA, 2022b). 
If rules were enacted, Washington State Division of Occupational Safety and Health (DOSH), a division of L&I, would be required to 
enforce federal rules until the state adopts a comparable standard. 

Even with these proposed changes, worker rights advocates remain concerned that these policies will be under-enforced (Bernton, 
2021). Under the DOSH rules, employees are obligated to monitor their own personal symptoms and take precautionary action 
(Washington State DOSH, 2008). However, fear of retaliation and disincentives due to piece rate compensation likely discourage 
workers from advocating for permitted rest, shade, and water to protect their health. To move beyond assigning responsibility to 
employees to self-monitor, wearable technology could be utilized as a noninvasive, objective way of monitoring sweating, heart rate, 
and body temperature to provide early warning of heat strain symptoms. 

3.5. Improve equity of access and reliability of air conditioning 

Market penetration of AC is increasing throughout Washington; however, homeowners and higher-income households have largely 
been driving this trend. Based on these trends and what is seen in cities with near 100% market penetration, residential AC as an 
adaptive strategy does not serve the most vulnerable populations without government intervention. 

State and local governments can improve accessibility by removing land-use regulatory barriers or instituting programs that will 
distribute AC units to vulnerable households directly. Such legislation has been implemented elsewhere in the country. In the after-
math of the 2021 heat wave, the Oregon State Legislature passed an extreme heat relief package that established an emergency dis-
tribution program within the Oregon Health Authority to deliver air conditioners and air filters to low-income families, removed 
barriers that restricted renters from installing portable air conditioning units in their apartments, and requires newly constructed units 
to include cooling systems. Separately at the local level, the City of Portland funded a partnership with local nonprofit organizations to 
deliver and install AC equipment in homes of the most vulnerable communities (City of Portland, 2021). 

Having access to AC equipment, however, does not necessarily equate to effective policy. High energy costs of use can deter cost- 
sensitive households (Semenza et al., 1996). A national assessment in 2020 found that low-income households spend three times more 
of their income on energy costs compared to the median spending of non-low-income households (Drehobl et al., 2020). The single 
largest energy assistance program available to low-income households is the U.S. Department of Health and Human Services' Low 
Income Home Energy Assistance Program (LIHEAP), which in Washington state is administered by the Department of Commerce. 
LIHEAP provides households at or below 150% of the federal poverty level with one-time grants made directly to the energy provider 
or utility. LIHEAP significantly increases energy security in low-income households, but it can also be leveraged to fund the purchasing 
of heating and cooling equipment (Murray and Mills, 2014). However, Commerce has historically never leveraged LIHEAP funds to 
help Washington residents with cooling assistance (Block, 2021). 

States could also be directly involved in energy assistance programs. Public Utility Commissions at the state are responsible for rate 
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Table 1 
Examples of heat-related adaptation actions based on factors conditioning vulnerability and phases of emergency management.   

Mitigation Preparedness Response Recovery 

Sensitivity - Address external factors driving pre- 
existing conditions such as cardiovascular, 
kidney, and respiratory disease (e.g., air 
pollution, lead poisoning, etc.) 

- Expand informed consent to include heat 
sensitivity among individuals taking 
medications that affect the body’s ability 
to maintain homeostasis 

- Increase EMS staffing 
during heat events to 
respond to increased calls 
for help 

Increase access to 
healthcare to identify/ 
address illnesses and 
heat- contributing causes 
of death (e.g., medical 
screening and 
physiological 
monitoring) 

- Discourage unhealthy behaviors around 
diet and nutrition (e.g., tobacco use, foods 
high in sodium, fat, and sugar, etc.) 

- Utilize community-based networks to 
monitor vulnerable individuals and 
households 

- Increase the number of 
ventilators and other life- 
saving interventions 
available for healthcare 
workers 

- Train social workers and direct care 
workers on how to spot and treat for HRI 

Exposure - Increase shade and vegetation in urban 
heat islands through building codes, land 
use planning, or urban forestry initiatives 

- Improve outreach and culturally specific 
communication to neighborhoods within 
urban heat island 

- Deploy blue 
infrastructure, such as 
splash pads or misters for 
localized cooling 

- Use surveillance data to 
improve/refine heat 
response plans (e.g., 
health sensitivity- 
vulnerability maps, EMS 
call data, and emergency 
room visits) 

- Increase use of cool surfaces in urban heat 
islands to increase albedo effect of 
pavement and rooftops 

- Mandate cooling periods for workers; 
encourage beneficial behavioral strategies, 
such as hydration and rest 

- Improve utilization of 
cooling centers by 
addressing issues with 
access, misinformation, 
and stigma 

- Apply for FEMA 
funding, such as Public 
Assistance or Hazard 
Mitigation Grant 
Program for reimbursing 
emergency protective 
measures and/or 
financing future heat 
mitigation projects 

Adaptive Capacity - Leverage flexible funding assistance 
programs to improve access/utilization of 
residential AC, like LIHEAP, Community 
Development Block Grant Program, 1115 
Medicaid waivers, etc. 

- Partner with property holders that have 
large, indoor spaces with working AC (e.g., 
malls, churches, etc.) 

- Open cooling centers; 
extend hours of existing 
public facilities with AC, 
such as libraries 

- Bolster energy- 
assistance programs to 
help vulnerable 
populations pay higher 
utility bills resulting from 
running AC during 
instances of extreme heat 

- Encourage diversification and growth of 
summer season electric generation to 
improve reliability of grid 

- Increase touch points in communicating 
how to diagnose onset of HRI and ways of 
reducing heat stress, such as increasing 
hydration, reducing physical exertion, 
avoiding sun exposure, and cooling the 
neck 

- Improve access and 
safety at beaches and 
swimming pools 

- Integrate acclimatization into 
occupational heat safety rules 

Deploy mobile teams to 
distribute water and 
cooling accessories or 
provide transportation to 
cooling centers  
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regulation and therefore have some tools to encourage investor-owned electric utilities to develop ways of reducing energy cost 
burdens that discourage AC use during extreme heat events. The Oregon State Legislature proposed such legislation to direct their 
public utility commission to find ways of alleviating energy bill spikes. 

Another caveat to relying solely on increasing the prevalence of AC alone as an adaptive strategy to extreme heat is that AC has an 
Achilles heel—energy dependence. With AC becoming a critical means of maintaining livable conditions in households and work-
places, the resilience of the electrical grid becomes more essential. In the future, baseline demand for energy in the summer is expected 
to increase as well as peak demand. While Washington is seeing a boon of new renewable energy projects, the state is still heavily 
reliant on hydroelectric power generation. In 2020, hydroelectric power accounted for 66% of total net energy generation (U.S. Energy 
Information Administration, 2022). Unfortunately, drier summers are expected to coincide with more extreme temperatures in the 
summer (Hamlet et al., 2010). For example, regional drought in 2019 reduced hydropower production by a third relative to 2012 (U.S. 
Energy Information Administration, 2022). 

Furthermore, energy peaks caused by widespread use of residential air conditioning during the 2021 heat wave contributed to 
blackouts and ultimately increased vulnerability across the population (Chediak et al., 2021). In addition to the obvious implications, 
such as AC not working, power blackouts can trigger a cascade failure for critical infrastructure that does not have backup power 
generators, such as transport and communication (Hatvani-Kovacs et al., 2018). A study of projecting future peak energy loads across 
the U.S. estimated that future peaks would increase—by 7.2% to 18% (RCP 4.5 and RCP 8.5, respectively)—by the end of this century 
(Auffhammer et al., 2017). While this study projected the Pacific Northwest to be relatively insulated from these national trends given 
its existing reliance on electricity for heat, much of the electricity is reliant on hydroelectric generation which is projected to decline by 
9–11% during years of significant drought, as experienced in 2021 (Washington State Department of Ecology, 2022; Aramayo and 
Hodge, 2021). 

One final cautionary note: city planners should also be mindful that separately, energy-efficient buildings may be increasing heat 
vulnerability in the cases where AC is neither installed nor utilized because these buildings are built with less uncontrolled ventilation 
(Dengel and Swainson, 2012). Newer development and energy-efficient building design can become more overheated than old con-
structions because of the high level of airtightness and the level of insulation (Dengel and Swainson, 2012). 

3.6. Increase safety of heat response behaviors 

Abnormally hot weather can lead to behavioral responses that bear their own risks and can indirectly contribute to hospitalizations 
and death. For instance, higher rates of drowning typically correspond with heat waves. Drownings are the fifth leading cause of 
unintentional death in the U.S. and the second leading cause of unintentional death for children between ages one and 14 (CDC, 
2022b). While declining over the past several decades, the rate of drowning in Washington state remains higher than the rest of the 
country. EMS regions spanning the Cascades and the metropolitan areas of Tri-Cities and Vancouver have rates nearly twice the 
national average (Sabel, 2013). The Puget Sound region has seen an uptick in recent years. In 2020, 33 people died in King County from 
drowning, double the number of drownings in 2018 (Karasz, 2021). Twenty-nine more died in 2021, many occurring during 
abnormally hot days in June (Videtich, 2021; Associated Press, 2021). 

One explanation for higher rates of drowning in Washington is that the state's water features can be treacherously cold. Cold water 
increases the risk of drowning because it can cause a cold shock response. Washington state lakes and rivers are cold enough to cause a 
cold shock response 9–10 months of the year (Sabel, 2013). 

Policymakers have several options to counteract health safety risks of Washington residents taking refuge in its waterways: pro-
moting the use of life jackets,8 promoting access to lifeguarded beaches, or increasing blue infrastructure such as splash pads and 
outdoor misting stations. Active systems like fountains and sprinklers can reduce temperatures 5–7 ◦F (3–4 ◦C) on average, and up-
wards of 10–18 ◦F (6–10 ◦C; Santamouris et al., 2017). 

3.7. Improve inter- and intra-governmental coordination of extreme heat response strategies 

The suite of policy options discussed in Sections 3.1–3.6 demonstrate the authority to mitigate, prepare for, respond to, and recover 
from extreme heat emergencies spans conventional boundaries of government agencies and levels of government. While state or 
county public health agencies are charged with public health objectives like reducing HRI and death from extreme heat events, in many 
cases, the most effective policy alternatives are out of the control of the people responsible for protecting public health (e.g., county 
public health agencies and the Washington State DOH have little influence over local land use planning or energy subsidies for low 
income households). Public health priorities often are not perceived as central, or even pertinent in some cases, to the mission of the 
agencies responsible for many of the policy alternatives explored above (e.g., local land use planning departments are not mandated to 
consider extreme heat specifically or public health more generally). Additionally, federal and state resources that could support many 
practical policy alternatives are not always made available to the various government agencies or other policy participants (e.g., NGOs, 
community groups) that could leverage those resources to improve public health outcomes. As a consequence, substantial barriers exist 
to the implementation of many of the policy alternatives mentioned above because of this fragmentation of authority and control. 
Coordinating a myriad of policy strategies and a diverse collection of decision makers is a genuine governance challenge that 

8 Current state law (RCW 79A. 60.160) requires only children ages 12 years and younger to wear a lifejacket on vessels less than 19 feet long. 
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fundamentally limits the overall effectiveness of extreme heat response strategies. 
To get past this governance problem, some local governments have begun to improve inter- and intra-governmental coordination of 

extreme heat response strategies through innovations such as a centralized executive authority to establish a strategic action plan, 
coordinate with external partners, and facilitate implementation. In 2021, the City of Phoenix and Miami-Dade County became the first 
two governments in the U.S. to appoint heat safety officers (Loomis, 2021). In the case of Miami-Dade County, the chief heat officer is a 
grant-funded position leading a Climate and Heat Health Task Force, which includes city emergency managers, leadership in city 
administrative offices, executive directors of community-based organizations, urban foresters from the city and county, health ad-
ministrators, and policy researchers. The City of Phoenix, on the other hand, publicly funded its health officer and created an entirely 
new department, the Office of Heat Response & Mitigation, to manage and administer its strategies (City of Phoenix, 2021). 

Such inter- and intra-governmental coordination through administrative reorganization on extreme heat response strategies is a 
promising alternative that has the potential to transcend the conventional administrative and bureaucratic boundaries and barriers 
evidenced in the conventional policy approaches illustrated in Sections 3.1–3.6. We encourage a greater exploration of this alternative 
to potentially increase the policy impact of a portfolio of heat mitigation measures across conventional administrative divisions. 
However, the relative success of these governance innovations in improving public health outcomes is an empirical question worthy of 
continued monitoring and research. 

4. Conclusions 

The conclusions that we draw here are necessarily focused on the context of extreme heat as experienced in the geographical and 
jurisdictional context of Washington state. As described in the introduction, we dive deep into the particulars of this single geographic 
area with the intention of providing context-specific and actionable information that can support policy implementation by a range of 
decision makers and stakeholders in a position to reduce HRI and death from extreme heat events in that geographic area. However, it 
is our hope that the conclusions from this problem-oriented analysis of extreme heat in Washington state can be useful across other 
geographies with different governance contexts, and perhaps even for other climate impacts. Our main conclusions include:  

(1) Extreme heat remains a significant policy problem. As evidenced by the robust scientific literature on the subject and alarm over 
continuing trends of HRI and death from extreme heat events, the goal of protecting public health from extreme heat is widely 
accepted. However, the continuing loss of life and incidence of HRI suggest that despite this consensus on goals, the responsible 
community does not share an effective strategy for pursuing that goal. Despite several policy efforts in place at the state and 
local levels in Washington state, and examples of innovations from other localities, extreme heat continues to contribute to an 
unacceptable loss of life.  

(2) A portfolio approach to extreme heat can address the various ways heat impacts public health outcomes and empower a wide array of 
policy actors to make meaningful progress. Each of the policy alternatives explored in Sections 3.1–3.6 directly address exposure, 
sensitivity, or adaptive capacity as laid out in Section 2, and each one can on its own protect public health to some degree. We 
recommend that actors at whatever level take action on issues for which they have the authority and control to improve 
outcomes. However, no single policy action is a panacea because most actions that provide protection to certain vulnerable 
subpopulations fail to protect others or simply shift the problem elsewhere. For example, urban forestry projects in disinvested 
neighborhoods do not necessarily address potential occupational heat exposure and could displace the at-risk communities they 
are meant to serve. Likewise, providing public cooling centers will not protect vulnerable populations who are unwilling to 
leave their homes or do not perceive themselves as vulnerable to extreme heat. 

To achieve community wide reductions in HRI and death from extreme heat, a portfolio of policies will be necessary to 
address the different ways that various populations are vulnerable. Pursuing a portfolio approach can increase the likelihood of 
addressing the unique ways that any particular individual experiences heat stress. Furthermore, given the issues that plague 
many policies designed to address heat and health—including economic disincentives, misinformation, maladaptive behavior, 
and poor self-perception of risk—a portfolio approach provides critical redundancy that can provide more than one support 
system to save a life during a heat emergency. Such a redundant portfolio approach also provides protection from cascading 
emergencies such as an extreme heat event coinciding with a power grid failure.  

(3) Many actors that can help address heat have no mandate to do so. The coordination necessary to pursue a portfolio approach—and 
quite frankly some of the individual strategies—presents significant governance challenges. The strategies proposed in Sections 
3.1–3.6 entrain implementing partners as varied as the Washington State Department of Commerce (which administers LIHEAP 
funding), municipal planning agencies (which develop urban building codes), Washington State L&I (which sets workplace 
safety standards), local parks departments (who can plan, finance, and maintain urban green spaces), Washington's Emergency 
Management Division (which administers FEMA's HMGP), community based organizations like community centers and 
churches (who might run a potential cooling center or act as a trusted node for risk communication), even neighborhood 
volunteers (as illustrated with the Be A Buddy NYC program). Few of these implementing partners have a clear public health 
mandate. And agencies with a formal public health mandate, who may be focused specifically on reducing HRI and death from 
extreme heat - including county public health agencies and the Washington State DOH - have limited authority and influence 
over this wide range of implementing partners.  

(4) Inter- and intra-governmental coordination is key to making significant progress. In such a distributed network of authority and 
control, some kind of coordination will likely prove critical to ensuring a comprehensive and practicable response to the 
population-wide hazards of extreme heat. Without mechanisms for formal coordination among implementing partners and 
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agencies mandated to protect public health, important policy alternatives that serve vulnerable subpopulations will likely be 
neglected or deprioritized. Section 3.7 presents one authority mechanism for aligning disparate policy actors to achieve public 
health goals: a centralized office charged with facilitating inter- and intra-governmental coordination of extreme heat response 
strategies. This governance innovation is promising precisely because it recognizes the necessity of a portfolio approach to 
addressing the public health risks of extreme heat while tackling the associated governance challenges head on for a more 
efficient and effective policy response. While we expect the particulars of such inter- and intra-governmental coordination to 
vary from place to place, we believe this approach can make meaningful progress on protecting public health from HRI and 
death across communities by enabling the implementation of portfolios of community-specific extreme heat interventions.  

(5) A problem-oriented approach to persistent policy problems like extreme heat impacts on public health can shed new light on old problems. 
Finally, it is our hope that approaching the issue of extreme heat as a problem-oriented policy analysis sheds light on the 
importance of carefully identifying the various contextual factors that drive vulnerability as well as the effectiveness of potential 
policy responses. In an important sense, the purpose of this paper was to break out of the tendency to focus on a simplistic 
problem definition (e.g., “not enough people have AC”) or a myopic focus on a single solution (e.g., “we need more community 
cooling centers”) in order to understand all aspects of the problem of extreme heat. While the contextual nature of such a 
problem-oriented policy analysis necessitated a state-level analysis, we are optimistic that the conclusions drawn at this level 
can be useful in spurring a deeper understanding of extreme heat more generally, and can be modified and adapted to other 
contexts (e.g., other states or to a municipal level) and potentially to other climate impacts. 

In summary, governance innovations are an important climate adaptation to support resilient and livable cities. In the face of 
projected changes in climate, urban areas are rightly focused on ensuring they are resilient and livable. In the case of extreme heat, a 
thorough understanding of the problem requires a critical understanding of the individuals and institutions involved in improving 
outcomes, who has authority and control over various solutions, and which actors have a mandate to act to protect public health. To 
make meaningful progress on increasing the resilience and livability of urban areas in a future with increased risks from extreme heat 
may require breaking down traditional boundaries of delegated authority within and among governing bodies and reorganizing au-
thority to align with the societal goal of protecting public health. 
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