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Key Points 

• Climate change has been identified as a public health crisis in 
the Pacific Northwest and is expected to worsen over the next 
half-century, with heat waves being a major consequence in 
Washington state. 

• Evidence shows that vulnerable groups (racial/ethnic minorities, 
low-income populations, older adults) disproportionately 
experience the adverse health effects of heat waves. 

• Strategies to minimize the adverse effects of heat waves on 
population health include adding green spaces within the built 
environment through urban planning, improving regional 
surveillance strategies to enhance early heat warning systems, 
and tailoring education interventions to increase awareness of 
the health impacts of heat waves as well as public resources to 
decrease those impacts. 
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Heat waves are defined 
as five or more 
consecutive days of 
extreme temperatures 
that surpass average 
temperatures by 9°F or 
more.1 
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Introduction 
The Pacific Northwest, historically known for its precipitation and mild 
weather, has drawn national attention with recent record-breaking 
high temperatures. Over a four-day period in June 2021, Washington 
state experienced an extreme heat wave, with temperatures exceeding 
100°F in three consecutive days.1 The summer 2021 heat wave, when 
temperatures hit 108°F, set an all-time heat record in Seattle and 
accounted for over 100 heat-related deaths in Washington state during 
this time.1 
 
The increased occurrence of heat 
waves is a result of human-driven 
climate change. Carbon dioxide 
(CO2), methane, and nitrous oxide 
are greenhouse gases that absorb 
radiation and cause Earth’s 
temperature to rise by trapping in 
heat.2 Human activities are a major 
driver of greenhouse gas emissions 
and are responsible for the 
substantial increase of CO2 in the 
atmosphere over the past 150 
years.3 The burning of fossil fuels is 
primarily used for electricity, heat, 
and transportation, accounting for 
54% of all greenhouse gas 
emissions.3 Heat waves are 
projected to increase in frequency and intensity over the next decade 
as annual average temperatures continue to rise due to human 
influence.4 If greenhouse gas emissions are not curtailed, the annual 
average temperature could increase by more than 3.6°F in the United 
States by the end of the century.4  
 
The increased occurrence of heat waves can have negative effects on 
population health. High temperatures can trigger an array of adverse 
health outcomes, including heat-related illnesses, such as heat 
exhaustion or heat stroke, and can even lead to death.2 In fact, heat-
related mortality in the United States causes more deaths 
(approximately 1,500 per year) than any other severe weather event.5 
Heat waves can also exacerbate preexisting chronic illnesses, with 
respiratory and cardiovascular disorders being the most affected.2 The 
health burden of climate change and the resulting heat waves is not 
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distributed evenly among populations.2 Socioeconomically vulnerable 
populations have a greater risk of experiencing the adverse effects of 
heat waves. Populations encompassing racial and ethnic minorities, 
those with low socioeconomic status, children, older adults, those with 
chronic illness, and unhoused individuals are more likely to bear the 
burden of climate change and experience disparities in health 
outcomes.6 Due to its direct association with poorer health outcomes 
and its ability to exacerbate health disparities among vulnerable 
populations, climate change has been declared a public health crisis as 
of 2019. 
 
The purpose of this policy brief is to (1) describe the current issue of 
heat waves in Washington state, (2) summarize the effects of heat 
waves on the health of socioeconomically vulnerable populations, and 
(3) provide guidance on potential solutions to address the issue. 
 
Heat Wave Trends and Future Projections in 
Washington State 
Over the past half-century, Washington state has warmed by almost 
3°F, demonstrating the long-term warming that has occurred within 
this region of the Pacific Northwest.7 This is not a sudden trend as the 
surrounding Puget Sound region has increased temperatures by about 
1.3°F between 1895 and 2011, with significant warming occurring in 
every season except spring.7 Within Washington state, warm nights 
have also increased in frequency over the past half-century, 
neutralizing the cooling effect that nightfall usually provides.7 Trends in 
heat-related emergency room hospitalizations have also shown 
increases. A study conducted in King County, Washington state found 
that between 1990 and 2010 hospital admissions increased by 2% and 
mortality rates were 10% higher during extreme heat events.8 During 
the heat wave of summer 2021, the mean daily number of heat-related 
illness visits to the emergency department were 69 times higher than 
those that occurred during the same days in 2019.9  
 
Without the implementation of climate change interventions, heat 
waves are projected to increase in frequency and intensity. Currently, 
warming in Washington state is expected to continue throughout the 
21st century.7 After the mid-century mark, the annual temperatures are 
projected to increase anywhere from 4.2°F to 5.5°F, depending on 
greenhouse gas emissions.7 Heightened temperatures are also 
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expected to occur during all seasons, with the increase in summer 
temperatures posing the greatest risk.7 Washington  
state currently averages 5 dangerous heat days per year, but by 2050, 
we can expect to see 10 such days per year.7 The increased occurrence 
of heat waves will place a greater burden on Washington state’s 
healthcare system as heat-related hospitalizations are expected to rise 
in response to the 67% increase in heat-related illnesses and deaths 
projected to occur.7 
 
Identifying Vulnerable Groups in Washington State 
Population vulnerabilities to heat waves can 
be characterized by three factors: exposure, 
sensitivity, and adaptive capacity. In 
Washington state, populations that are 
primarily non-white, low-income, and over 
the age of 65 are significantly more at risk for 
experiencing adverse health outcomes 
associated with heat waves.10  
 
Exposure in Urban Heat Islands 
Populations residing in urban areas are at risk 
of experiencing disproportionate rates of 
exposure to heat and its impact due to a 
phenomenon known as the urban heat island  
(UHI) effect. Heat islands are formed as cities remove vegetation and 
replace impermeable surfaces, like asphalt and concrete, to support 
new roadways and infrastructure.11 These surfaces absorb rather than 
reflect heat, causing temperatures to rise while also inhibiting 
nighttime temperatures from dropping.11 In addition, the presence of 
tall buildings and narrow streets within the urban environment further 
traps hot air and reduces the airflow, adding to the scarcity of heat-
combating elements.11 Due to density, urban areas also generate more 
waste heat from vehicles, industry, and air conditioners; these also add 
warmth.11 
 
In Washington state, a large proportion of residents live in urban areas, 
with 10% of the state population residing in Seattle alone.12 
Furthermore, the combined urban area of Seattle-Tacoma-Olympia 
accounts for almost two-thirds of the entire state population.12 The  
large population of individuals residing in Washington state’s urban 
area makes this geographic domain a priority for climate change 
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intervention, especially as the diversity of the populations living in this 
area continues to increase. 
 
Sensitivity to Heat-Related Illness 

Having an underlying chronic disease can put individuals 
at greater risk for experiencing an adverse health 
outcome when exposed to excess heat because chronic 
diseases can negatively affect the body’s 
thermoregulatory system. The thermoregulatory system 
is responsible for maintaining a normal body 
temperature.13 When this balance is not maintained, 
individuals are at risk of developing a heat-related illness 
that can range from a heat cramp to heat exhaustion 
and even death stemming from a heat stroke.13 Chronic 
illnesses such as hypertension, type 1 or type 2 diabetes, 
cardiovascular disease, and respiratory disease can 
compromise the body's cooling mechanisms and the 
overall health of the population when experiencing an 
extreme heat event.13 More specifically, individuals with 
asthma, chronic obstructive pulmonary disorder (COPD), 
ischemic heart disease, and arrhythmias have been 
identified as having a higher risk for exacerbated 
negative health outcomes when exposed to rising 
temperatures.14 In addition, sensitivity to heat exposure 
can lead to renal failure, obstetric complications, and an 
increase in accidental trauma and mental health 
incidences as well as all-cause mortality.14 
 
Adaptive Capacity to Respond to Heat Waves 
A population’s adaptive capacity to respond to heat waves is largely 
dependent on the characteristics of their built and socioeconomic 
environments.15 A common determinant of adaptive capacity is access 
to central air conditioning units. As of 2021, Seattle is ranked as the 
least air-conditioned city in the United States, with only 44% of homes 
having a primary air conditioning unit installed.16 Limitations in air 
conditioning disproportionately burden racial/ethnic minorities and 
low-income communities due to the personal cost to operate an 
energy-intensive unit.15 Access to cooling spaces is also a key indicator 
of a population’s adaptive capacity as it may help reduce the risk of 
heat exposure and the resulting health impacts.17 Cooling spaces are 
usually characterized as an air-conditioned building designated to 
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provide refuge during extreme heat events; they can be beneficial for 
populations who cannot afford their own air conditioning unit.17 These 
spaces can range from a school or library, to a recreation center or 
shopping mall.17 However, among vulnerable populations, the 
availability of public transportation is a potential barrier to accessing 
the cooling centers as major energy systems that control streetcars can 
be affected due to mechanical disruptions caused by extreme heat.18 
 
Effects of Heat Waves on the Health of Vulnerable 
Groups 

Heat waves do not affect all populations equally. Racial and ethnic 
minorities have been found to have increased vulnerability to heat-
related morbidities and mortality, and low-income communities 
disproportionally bear the economic burdens of climate change, 
particularly when living in urban areas.19 Older adults have an increased 
risk of developing a heat-related illness as this population is more 
susceptible to adverse health outcomes.20 
 
Racial and Ethnic Minorities. Among all racial/ethnic minority 
populations, African Americans, Hispanics, American Indians, Alaska 
Natives, and limited-English-proficient populations have been observed 
to disproportionately experience adverse health outcomes of climate 
change.6 African American and Hispanic communities experience the  
greatest urban heat island exposure during the summer 
season, in part due to residential redlining that forced 
racial/ethnic minorities into urban neighborhoods with fewer 
resources to protect themselves against the adverse effects of 
heat waves.5,21 In contrast, non-Hispanic whites  
have the lowest exposure to urban heat island effects and 
have more central air conditioning units per area than African 
American communities.5,22 African American and Hispanic 
communities are more likely to experience higher rates of 
cardiovascular disease associated with increases in heat than 
any other race.19 As a result, emergency department visits for 
heat-related illnesses increased by 67% for African Americans 
and 63% for Hispanics from 2005 to 2015 compared to their 
white counterparts.21 In terms of heat-related mortality, 
American Indians and Alaska Natives exhibited the highest 
rate of deaths, followed by African Americans.21 In 2017, only 
33% of Hispanic households and 26% of African American 
households had a central air conditioning unit.23  

Heat Exhaustion vs. 
Heat Stroke 
 

While both exist on the 
spectrum of heat-related 
illnesses, heat exhaustion 
occurs when the body has 
difficulty cooling itself without 
adequate fluid replacement. 
Heat stroke, the most severe 
form of a heat illness, occurs 
when the body’s heat-
regulating system is 
overwhelmed, and fever 
occurs. Left untreated, heat 
exhaustion can lead to heat 
stroke and even death.13,14 
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Low-income Communities. In urban areas, low-income 
communities experience disproportionately higher levels of 
heat intensity exposure and resulting health effects.5 Low-
income populations, characterized as those who fall below  
the poverty line and are on Medicaid or other state assistance, have a 
higher likelihood of residing in risk-prone areas, urban heat islands, and 
areas with poorly maintained infrastructure that limit adaptive  
approaches.14 In fact, individuals 
living below the federal poverty line 
have the highest urban heat island 
exposure, while individuals living 
above twice the poverty line have 
the lowest exposure.5 Low-income 
communities also experience a 
higher relative burden of chronic 
medical illnesses that are 
exacerbated by climate  
events and have a higher risk of  
being unhoused because of climate change.14 If low-income 
communities have difficulty paying for medical care or lack access to 
quality care, they become more susceptible to heat-related morbidity 
and mortality as preexisting or new illnesses are not treated in a timely 
manner.12 
 
Older Adults (65+). Vulnerability to excess heat is exacerbated among 
older adults as intrinsic changes to the thermoregulatory system begin 
to occur due to the aging process.20 These changes have negative 
effects on the homeostatic mechanisms within the body, making it 
more difficult to adapt to the fluctuations in temperatures of the 
external environment.20 Older populations also suffer from additional 
comorbidities that increase their risk of contracting a heat-related 
illness. Individuals with chronic illnesses such as depression, 
cardiovascular disease, and cerebrovascular conditions are required to 
take extra measures to protect themselves against the impacts of heat 
waves.20 
 
In addition, older individuals who suffer from dementia or Parkinson’s 
disease have been specifically identified as risk-prone populations that 
could experience high rates of heat-related mortality.20 Increased social 
isolation is another important risk factor to consider as older 
populations are more likely to be isolated from resources that could 
protect them from extreme heat events.24 

Discrepancies in poverty rates by 
racial/ethnic communities as of 

2017 show how low socioeconomic 
status and race/ethnicity can be 

confounding factors in climate 
change vulnerability. 
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Solutions 

Since vulnerable communities are characterized by their 
disproportionate exposure, sensitivity, and adaptive capacity, potential 
solutions to address climate change and, more specifically, heat waves 
should incorporate these elements. Many of these risk factors are 
interconnected and should be further examined to reduce the health 
risk associated with climate change. 
 
Add Urban Vegetation and Green Spaces. Adding urban vegetation is a 
strategy to reduce the urban heat island effect as access to green space 
can provide natural cooling mechanisms to the immediate space and 
the surrounding areas for easy public access.25 The presence of  
vegetation and tree canopy in cities emits an urban green space cooling effect, with reduction in daytime 
temperatures averaging about 33°F within these spaces.25 Adding more green spaces to urban areas can 
reduce human exposure to extreme temperatures and UV radiation, reduce ozone levels, and provide a 
cooling effect through the processes of evaporation and transpiration.26 These processes alone can reduce 
summer heat temperatures by 2–9°F, especially when the vegetation is included in urban planning efforts and 
is planted strategically to provide optimal shade to frequently trafficked areas.27 A study of five cities and their 
urban forestry programs showed that annual costs associated with planting and maintaining greenery ranged 
from $15–$65 per tree.27 On a per-tree basis, cities accrued $1.50–$3.00 for every dollar invested, 
accumulating net benefits ranging from $30–$90 per tree annually.27 In all five cities, the human and health 
benefits were much higher than the costs associated with adding urban vegetation.27 
 
Improve Regional Heat Surveillance Systems. Expanding the definition of heat waves and using local 
meteorological data is the first step to improving regional surveillance. A single criterion definition for an 
entire region may not provide an accurate representation of the observed health outcomes due to significant 
differences in heat wave patterns and population demographics.28 Defining heat waves by using local 
meteorological data will allow for more precise modeling that can be used to further improve early heat 
warning systems.28 Early heat warning systems provide an adaptive measure for climate change by utilizing an 
integrated communication system to help populations better prepare for extreme heat events.29 Early warning 
systems are beneficial for population health as they have been shown to lower rates of heat-related mortality 
and morbidity.30 It is also recommended that early warning systems include local epidemiologic data and be 
activated in collaboration with emergency management stakeholders.28 This will enable communities to 
appropriately deploy public health resources and facilitate a proactive emergency preparedness response. 
 
Implement Inclusive Messaging Strategies and Education Interventions that Target Specific Population 
Groups. Communication and outreach strategies need to be tailored to ensure that the information being 
conveyed to the region is specific to the population’s needs and includes resources that are available within 
the geographic area. Underutilization of heat-mitigating resources among vulnerable populations can be 
attributed to disparities in risk perceptions and overall awareness. When examining behaviors of individuals 
residing in urban areas during an extreme heat event, researchers concluded that many individuals did not 
realize their own vulnerabilities that put them at risk for experiencing adverse health outcomes when exposed 

Urban Vegetation  
Cost and Savings 
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to heat.31 Barriers to utilizing a cooling center or other resources were identified as not being easily accessible 
or populations having limited knowledge about these designated spaces.31 Therefore, more information needs 
to be provided regarding cooling centers and the services they provide. When they received advertisements 
for cooling centers, communities wanted to know more about accessibility via public transport or walking, 
whether pets were allowed, and whether food was provided.31 It is also recommended that heat-related 
information be disseminated to the public in multiple formats (online, print ads) and languages to ensure that 
the material is accessible and simple to understand regardless of education level or language spoken.22 
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