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HEAT-RELATED DEATHS AND ILLNESSES 
Deaths and illnesses from heat exposure are often unrecognized, misdiagnosed and 
thus, severely underreported. In 2006, when summertime temperatures were especially 
high, the reported number of deaths attributed to heat was much higher than any other 
year. Reported deaths and emergency department visits were also elevated in 2017, 
another notably warm year. 

Figure 1. Heat-related deaths in California*

 















         




























Source: Data set compiled by Tracking California (2021), 
using data from the Center for Health Statistics

* Reported deaths in May to September due to heat exposure as a main or contributing cause.

Figure 2. Heat-related illness in California*

Source: Data set compiled by Tracking California (2022),
using data from the data from the Office of Statewide Health Planning and Development

* Reported hospitalizations and emergency department visits in May to September. Data for 
emergency department visits were not available until 2005.
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What does the indicator show?
The association between exposure to high temperatures and illness or deaths is well 
established. The classical case definition of heat illnesses includes ailments such as 
heat rash, heat cramps, heat exhaustion, and heat stroke. However, because of the 
stress that elevated ambient temperatures can exert on the body, heat exposure can 
produce health effects and exacerbate a broad range of health conditions (see below 
under Why is this indicator important). Health records may not capture heat-related 
illness if exposure to excess heat is not explicitly documented. Consequently, health 
cases related to heat are often unrecognized and misdiagnosed. For example, a study 
of about 300 populous counties across the US estimated that the annual number of 
deaths attributable to heat was substantially larger than previous estimates reported by 
the Centers for Disease Control (CDC) and others (Weinberger et al., 2020). A 
substantial number of deaths occurred at only moderately hot temperatures. While 
recognizing that lack of consistency in the identification and recording of heat-related 
death and illness underestimates impacts (Berko et al., 2014), tracking the number of 
deaths and illnesses attributed either wholly or in part to heat illnesses can provide an 
indication of the trend in health impacts related to climate change.

Figure 1 presents annual age-adjusted death rates in California for diagnoses 
specifically attributed to heat, either as a primary or underlying cause, from 1999 to 
2019. Figure 2 shows both heat-related hospitalizations (2000 to 2018) and heat-related 
emergency department (ED) visits (2005 to 2018) in California. No trend is evident for 
heat-attributed deaths or hospitalizations in California; rates were highest in 2006 (for 
deaths) and 2017 (for emergency department visits), when summertime temperatures 
were especially high. The mortality data, and to a lesser extent hospitalization data, do 
capture the impact of extended heat waves on health over large geographical areas. 
Emergency department visits show a statistically increasing trend, as expected with the 
warming temperatures associated with climate change.

Examining these indicators among specific demographics points to greater susceptibility 
to heat illnesses among adults aged 65 and older, males, and non-Hispanic Blacks. 
These groups have higher rates of identified heat-related deaths, emergency 
department visits and hospitalizations than those in other comparable demographic 
groups (Figures 3 and 4).
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Figure 3. Heat-related death rates in California, by race, age and gender (2000-2019)

Source: Data set compiled by Tracking California (2021), 
using data from the Center for Health Statistics

* Reported deaths in May to September due to heat exposure as a main or contributing cause.

 











 


























Figure 4. Heat-related illness, by race

Source: Data set compiled by Tracking California (2022),
using data from the data from the Office of Statewide Health Planning and Development

*Includes death with heat identified as a primary or underlying cause.
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Why is this indicator important?
Heat causes more reported deaths per year on average in the United States than any 
other weather hazard, yet heat-related illnesses and deaths are generally preventable 
(Luber et al., 2014; NOAA, 2021). A comprehensive analysis of heat-related deaths in 
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the US by the CDC found an average of 702 deaths occurred annually during 2004-
2018 (Vaidyanathan et al., 2020). CDC noted that understanding patterns of heat-
related deaths (for example, by race or ethnicity, age, or income level) is critical to 
developing more effective surveillance and intervention strategies. Their Heat and 
Health Tracker provides local heat and health information for communities to better 
prepare for and respond to extreme heat events.

Assessing how heat-related deaths and illnesses change with time provides a specific 
measure of how climate change-related temperature shifts are impacting human health. 
As noted above, the cases identified will represent only a small selection of heat-related 
health effects. Higher temperatures have been linked with increased deaths from all 
non-accidental causes, and more specifically cardiovascular and respiratory causes 
(Basu and Malig, 2011; Song et al., 2017). Heat waves and generally higher 
temperature exposures in California are related to increased health care usage for a 
wide range of diagnoses including electrolyte imbalance, diabetes, renal, cardiovascular 
and respiratory diseases (Basu et al., 2012; Guirguis et al., 2014; Green et al., 2010; 
Knowlton et al., 2009; Malig et al., 2019; Sherbakov et al., 2018). Increases in apparent 
temperature (measure of ambient temperature adjusted for relative humidity) have also 
been linked with adverse birth outcomes such as preterm birth, stillbirth, and low birth 
weight (Bekkar et al., 2020). Additionally, hotter temperatures may increase emergency 
department visits for mental health-related outcomes, such as for psychiatric conditions 
and self-harming or aggressive behaviors (Basu et al., 2017b; Liu et al., 2020; 
Thompson et al., 2018). 

Tracking heat-related illnesses and deaths provides critical information for developing 
adaptation plans and evaluating their successes, especially in relation to heat waves. 
State and local policies, plans, and programs focusing on heat are already in place in 
some locations. These may include heat wave early warning and surveillance 
(observation) systems, accessible cooling centers, public education campaigns on 
preventing heat-related illnesses, and worker heat-safety regulations. The use of air 
conditioning has been associated with significant reductions in heat-related hospital 
visits in California (Ostro et al., 2010). However, during periods of high heat, there is 
likely to be a greater risk of brownouts or blackouts from overuse of gas and electricity.

Periods of warmer temperatures and heat waves are expected to rise in frequency, 
duration, and intensity over the next century (IPCC, 2021; Luber et al., 2014). In 
California, annual average maximum daily temperatures are projected to increase by 
about 4.4 to 5.8 degrees Fahrenheit (°F) by mid-century, and by about 5.6 to 8.8°F by 
the end of the century (Bedsworth et al., 2018). These projections suggest an 
increasing public health burden from heat-related deaths and illnesses.

https://ephtracking.cdc.gov/Applications/heatTracker/
https://ephtracking.cdc.gov/Applications/heatTracker/


Indicators of Climate Change in California (2022)

Heat-related deaths and illnesses  Page VI-7

What factors influence this indicator?
Heat-related illnesses are affected by characteristics of the heat exposure, such as 
frequency, intensity and duration. Other factors relate to the exposed individuals 
themselves, such as age, health status, and the degree to which protective measures 
against heat are taken by individuals and instituted through policy on a broader 
population-level. 

High temperatures and heat waves can impact air quality and pose a threat to public 
health (Nolte et al., 2018; O’Lenick et al., 2019). Heat can accelerate the formation of 
ground-level ozone and also trap ozone, particulate matter and other harmful air 
pollutants. Exposure to these pollutants has been linked to adverse respiratory, 
cardiovascular, mental health, and reproductive outcomes (Bekkar et al., 2020; Nguyen 
et al., 2021; US EPA 2019). Air pollution may also work in synergy with extremely high 
temperatures to increase adverse cardiovascular, respiratory and other health effects 
(Anenberg et al., 2020).

As shown in Figures 1 and 2, heat-related illnesses and deaths in 2006 peaked during 
the prolonged heat wave that occurred from July 16 to 26 (Knowlton et al., 2009; 
Margolis et al., 2008). Average apparent temperatures ranged from 81°F to 100°F, 
which is 4°F greater than the average statewide temperatures in July. The Central 
Valley region had the highest number of uninterrupted hot days ever recorded, with 
each day reaching 100°F and greater. Multiple locations in California broke records for 
the highest number of uninterrupted days over 100°F ever recorded: 11 in Sacramento; 
12 in Modesto; and 21 in Woodland Hills near Los Angeles (Kozlowski and Edwards, 
2007). In 2017, California experienced record summer heat, with numerous daytime and 
nighttime heat waves and record high temperatures (DWR, 2018). Death Valley set a 
new record for highest average monthly temperature in July with a value of 107.4°F. In 
Redding, the temperature topped 100°F a record 72 times. Statewide, the 
June/July/August average temperature was also a record high.

Specific characteristics of prolonged heat events may influence the degree to which 
heat-related health effects are felt. Higher night-time temperatures during heat waves 
may incur greater effects by preventing respite from high daytime temperatures 
(Gershunov et al., 2009). Heat waves accompanied by high humidity are especially 
dangerous, as the humidity prevents sweat from evaporating to cool down the body. 
Studies report that even short periods of high temperatures are associated with health 
impacts (Gasparinni and Armstrong 2011; Sherbakov et al., 2018).

Studies of California heat waves found that health impacts were greatest in the 
Central Valley and along the coast (Guirguis et al., 2014; Knowlton et al., 2009). Coastal 
populations tend to be less acclimated to higher temperatures and have lower rates of 
air conditioner ownership. Buildings, dark paved surfaces, lack of vegetation and trees, 
and heat emitted from vehicles and air conditioners cause cities to generate and retain 
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heat, a phenomenon known as the “urban heat island effect” (CDPH 2007). Thus, urban 
residents may experience more heat than people who live in surrounding suburban and 
rural areas. Figure 5 shows emergency department visit rates across California in 2006 
(extended summer heat wave), 2011 (a cool summer season), and 2017 (exceptionally 
hot summer). Note the distinction between 2006 vs 2017 and which counties are most 
impacted.

Figure 5. Emergency department visits by county due to heat illness  
in 2006, 2011 and 2017*

* Maps present age-adjusted rates for emergency department visits by county during two unusually hot 
summer years (2006 and 2017) and a relatively cool summer (2011).

Source: Tracking California 2021

As noted above, certain demographic groups may be more vulnerable to heat illness 
(adults aged 65 and older, males, and non-Hispanic Blacks). Other factors that can 
increase susceptibility to temperature are young age (5 years and under), pre-existing 
health conditions (such as heart or lung disease) or certain medications or substances 
(Ebi et al., 2018; Gronlund et al., 2018; Vaidyanathan et al, 2020). Furthermore, socially 
isolated people, the poor, and those who have difficulty accessing medical care likely 
face increased risks during hot weather (Basu and Ostro, 2008; Luber et al., 2014). 
Pregnant women may be more likely to suffer adverse birth outcomes with heat 
exposure (Bekkar et al., 2020). 

Those engaged in vigorous physical activity, such as workers in construction, 
firefighting, and agriculture are also at risk. Over the past two decades, reported heat-
related illnesses have increased in California (see Occupational heat-related illness 
indicator). In contrast, occupational heat-related deaths has not been well studied. An 
analysis of worker death rates in the United States from 2000-2010 reported a rate of 
0.24 deaths per 1 million workers in California (Gubernot et al. 2016). Compared to the 
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states with the ten highest rates (Mississippi had the highest, at 1.05 per 1 million 
workers), California’s rate is relatively low, likely due to the promulgation in 2005 of the 
state’s enforceable regulation for prevention of heat illness in outdoor workers.

As adaptation measures are implemented and become more effective, the impacts of 
higher temperatures on heat illness rates may be mitigated. Measures – both planned 
and already under way –by state and local government and other entities include early 
warning and surveillance systems, access to air conditioning through cooling centers or 
through grants, and public outreach and education, particularly those targeting 
vulnerable populations. The state’s priorities and goals addressing the risks posed by 
warming temperatures and other climate change impacts are outlined in California’s 
Climate Adaptation Strategy. 

Technical considerations
Data characteristics
Heat-related hospitalizations and emergency department visits were identified for the 
months of May to September by the California Environmental Health Tracking Program 
(CEHTP, recently renamed “Tracking California”). Tracking California is a program of 
the Public Health Institute, in partnership with the California Department of Public 
Health. Cases were included when heat stress was explicitly listed as the primary 
diagnosis or any other diagnosis. Heat-related diseases were identified using 
International Classification of Diseases (ICD-9 for 2000-2015, ICD-10 for 2015-2018) 
codes for: heat stroke and sunstroke; heat syncope; heat cramps; heat exhaustion; heat 
fatigue; heat edema; other specified heat effects; unspecified effects of heat and light; 
and exposure to excessive natural heat or sunlight. Causes that were due to a man-
made source of heat were excluded. Hospitalization data were available for the years 
2000 to 2018, and data on emergency department visits for the years 2005 to 2018.

CEHTP also identified heat-related deaths for the months of May to September, from 
2000 to 2019, using ICD-10 codes for the following as the main or contributing causes 
of death: heat stroke and sun stroke; heat syncope; heat cramps; heat exhaustion; heat 
fatigue; heat edema; other specified heat effects; unspecified effects of heat and light; 
and exposure to excessive natural heat; and sunlight. As with the illness dataset, deaths 
due to a man-made source of heat were excluded. More information about data and 
methods, including rate calculations, can be found at the Tracking California website.

Strengths and limitations of the data
As noted earlier, the available data on heat-related illnesses and death likely 
underestimates the full health impact of exposure to heat. Heat-related health effects 
can manifest in a number of clinical outcomes, and people with chronic health problems 
are more susceptible to the effects of heat than healthy individuals. Heat-related 
illnesses and deaths are often misclassified or unrecognized.

https://www.climateresilience.ca.gov/
https://www.climateresilience.ca.gov/
https://www.phi.org/
https://www.phi.org/
https://www.cdph.ca.gov/
https://www.cdph.ca.gov/
https://trackingcalifornia.org/
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The number of heat-related deaths from coroners’ reports rely on deaths coded as 
“heat-related” without universally applied classification of these diseases, and often 
require knowledge of the circumstances around death to be communicated by other 
parties. Consequently, few deaths are recorded on death certificates as being heat-
related and heat is rarely listed as a main cause of deaths that occur in hospitals or 
emergency rooms, even when exposure to heat is a contributing factor (English et al., 
2009). It is likely that there were three to four times as many deaths in the July 2006 
heat wave than were actually reported (Ostro et al., 2009; Joe et al., 2016). Recent 
studies of annual heat-related deaths in the US explain how the number of deaths is 
substantially larger than what has been previously reported (Weinberger et al., 2020; 
Vaidyanathan et al., 2020). 

Non-fatal endpoints may similarly be undercounted, as it is often difficult to determine 
that an illness is heat-related when it involves other organ systems, and there is no 
standardized training among healthcare providers who make the determination 
(Madrigano et al., 2015). For example, during the 2006 California heat wave, over 
16,000 excess emergency department visits and 1,100 excess hospitalizations were 
observed. These were much larger than the 2,134 ED visits and 538 hospitalizations 
officially identified as heat-related, so the majority of cases were not explicitly diagnosed 
as heat illnesses (Knowlton et al., 2009).

For hospitalizations and emergency department visits, the change in usage of ICD-9-
CM to ICD-10-CM in the 4th quarter of 2015 may have resulted in differences in 
classification of heat-related visits that impact observed patterns in those indicators.

Despite these known limitations, heat-related emergency department visits, 
hospitalizations and deaths can be used to document changes over place and time, 
monitor vulnerable areas, and evaluate the results of local climate-adaptation strategies. 
They are tracked at the national level as part of the National Environmental Public 
Health Tracking Network, allowing comparisons across states. This tracking provides a 
better understanding of risks to specific groups, and helps with designing interventions 
and communication efforts (CDC, 2021). 
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