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2.4 Extreme Heat Events 
 

Extreme heat events are days or nights when temperatures exceed a defined threshold. 
Since 1950, extreme heat days and nights have become more frequent at multiple 
locations in California, with the most widespread increases occurring at night. This has 
driven an increase in the number of heatwave days and nights, defined here as two or 
more consecutive extreme heat days or nights.  

 

Figure 2.4.1. Frequency of Extreme Heat Events.  
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The charts show the annual sum of extreme heat days or nights from 1950 to 2025 for 18 
weather stations in California, listed from north to south. Years for which not enough data was 
available are greyed out. For data to be included for the months of July and August, in a given 
year, there had to be fewer than seven days of data missing.  

Source: NOAA Regional Climate Center’s Applied Climate Information System (RCC-ACIS). 
Data retrieved April 2026. 

 
Figure 2.4.2. Locations of Selected Weather Stations. 

 

A) Cedarville 
B) Scotia 
C) Red Bluff 
D) Willows 
E) Blue Canyon 
F) Tahoe 
G) Sacramento 
H) San Francisco 
I) Bishop 
J) Fresno 
K) Death Valley 
L) Bakersfield 
M) Santa Maria 
N) Needles 
O) Pasadena 
P) Long Beach 
Q) Thermal 
R) San Diego 

The map shows the locations of the 18 weather stations used to calculate extreme heat days 
and nights.  

Source: Map created with Datawrapper and OpenstreetMap contributors. 

 

What does the indicator show? 
Extreme heat events broadly refer to individual days or nights or multiple days or nights 

when temperatures exceed a defined threshold for a designated length of time. While 

there is no standard definition for an extreme heat event, researchers often apply a 

percentile-based threshold from a set historical period to identify heat events. Here, 

extreme heat events are defined as days or nights from April to October where the air 

temperature is above the location-specific 95th percentile of either the daily maximum 

temperatures (for daytime events) or the daily minimum temperatures (for nighttime 

events) for the 1960–1990 reference period. Since 1950, the total number of extreme 
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heat events at multiple locations in California has increased, especially at night (Figure 
2.4.1; map of locations in Figure 2.4.2).  

Heatwaves, which are multi-day heat events, are also important to consider as the 

short-term accumulation of heat can have greater impacts. Since there is no set 

definition for how many consecutive extreme heat days or nights make up a heatwave, 

this report defines a daytime or nighttime heatwave as two or more consecutive daytime 

or nighttime heat events, respectively. Figures 2.4.3 and 2.4.4 present the decadal 

averages of the magnitudes (intensities of temperatures compared to historical 

averages) of daytime and nighttime extreme heat events, as well as the annual number 

of days and nights in a heatwave; values presented for the last decade (“2020”) are for 

2020 through 2025 only. For comparison, the frequency of extreme heat events is also 

presented. For most of the stations, the magnitude and frequency of extreme heat 

events and frequency of days and nights in heatwaves are higher in the second half of 

the time series (1988 to 2025) for both nighttime and daytime events. 

 
Figure 2.4.3. Daytime Heatwaves and Heat Events by Decade. 
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The average annual values by decade for the number of days in heatwaves and individual 
extreme heat events (yellow and grey bars) and the magnitude (the average of daily 
exceedances above the historical threshold, in degrees Fahrenheit (°F)) (dotted line) of 
individual extreme heat events are presented for each station. Yellow bars represent the 
average annual number of days in a heatwave, the grey bars represent the annual average 
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number of extreme heat days overall (irrespective of whether they were in a heatwave), and the 
red dotted line represents the average decadal magnitude of an extreme heat day for that year.  

Note: The decadal average for 2020s represents the average values for the years 2020 to 2025 
only. 

Source: RCC-ACIS (2026) 

 
Figure 2.4.4. Nighttime Heatwaves and Heat Events by Decade. 
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The average annual values by decade for the number of nights in heatwaves and individual 
extreme heat events (orange and grey bars) and the magnitude (the average of daily 
exceedances above the historical threshold, in degrees Fahrenheit (°F)) (dotted line) of 
individual extreme heat events are presented for each station. Orange bars represent the 
average annual number of nights in a heatwave, the grey bars represent the annual average 
number of extreme heat nights overall (irrespective of whether they were in a heatwave), and 
the purple dotted line represents the average magnitude of an extreme heat night for that year. 
The decadal average for 2020s represents the average values for the years 2020 to 2025 only. 
Source: RCC-ACIS (2026) 

Tribal Connection 2.4.1 

Tribal nations in Northern and Southern California alike have been experiencing 

more extreme heat events. The Big Valley Band of Pomo Indians, living around 

Clear Lake in Lake County, had a record-breaking heat event in July 2024, when 

they experienced 15 days of temperatures above 100⁰F (37.8⁰C) (Big Valley 

Band of Pomo Indians, 2026). The Pala Band of Mission Indians in San Diego 

County is also seeing higher temperatures during heat events. They write, “Over 

the past 3 decades, there have been an average of 35.75 days per decade with 

temperatures over 100⁰F (37.8⁰C) at Pala. The number of days of the most 
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extreme heat, above 105⁰F (41⁰C) and 110⁰F (43.3⁰C), are increasing over time” 

(Pala Band of Mission Indians, 2026). 

Similar to station-specific data, statewide averages show a variable but overall 

increasing trend in annual extreme heat days and nights. Figure 2.4.5 is based on 

statewide analyses conducted by the National Oceanic and Atmospheric 

Administration’s National Centers for Environmental Information. For this analysis, a 

state-average time series was created. First, California was divided into 1-degree grid 

boxes. Then, grid box time series were produced by averaging all stations within that 

grid box. Finally, a state-average time series was created by averaging the grid box time 

series (Frankson et al., 2022). Statewide, the number of extremely hot days (Figure 
2.4.5A) (days on which the maximum temperature was at or above 100°F (37.8°C)) has 

been variable since 1930, both in terms of annual and five-year averages. The greatest 

number of hot days were observed during the 2015–2020 period, followed by 1930–

1934 and 1935–1939 (the temperature spike during the “Dust Bowl” of the 1930s 

reflects large natural variability that can occur regionally; see Donat et al. (2016) for 

more information about anomalously high temperatures and severe drought conditions 

driven by abnormal sea surface temperatures during this time period). A more 

pronounced increase is evident in the number of very warm nights (Figure 2.4.5B), 

when minimum temperatures were at or above 75°F (23.9°C). As with extremely hot 

days, the 2015–2020 period had the greatest number of very warm nights; numbers 

have exceeded the long-term average on all five-year periods since 1995–1999. 
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Figure 2.4.5. Statewide Number of Extremely Hot Days and Very 

Warm Nights. 
A.                                                                    B. 

       
Left: Observed annual number of extremely hot days (maximum temperature of 100°F (37.8°C) 
or higher) 1930 to 2020. Right: Observed annual number of very warm nights (minimum 
temperature of 75°F (23.9°C) or higher). Dots show annual values. Bars show averages over 5-
year periods (last bar is a 6-year average). The horizontal black lines show the long-term (entire 
period) averages: 27 days and 12 nights, respectively. Source: Frankson et al. (2022) 

 

Why is this indicator important?  
Periods of extremely high temperatures have significant public health, ecological and 

economic impacts. Heat causes the most weather-related deaths in the United States 

(NOAA, 2026). Heat waves accompanied by high humidity are especially dangerous to 

human health. Humidity prevents surfaces (both environmental and the human body) 

from cooling down at night, leading to higher nighttime temperatures (Brown, 2025; 

Joshi et al., 2024; Gershunov et al., 2009). People, wildlife, domesticated animals, and 

plants adapted to California’s traditionally dry daytime heat and nighttime cooling are 

unable to recover from extreme heat, especially when humidity is high at night.  

Heat can also accelerate the formation of ground-level ozone, trap ozone, particulate 

matter and other harmful air pollutants (Peel et al., 2013; Rahman et al., 2022). 
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Temperature is also a leading meteorological driver of ozone formation (Nolte et al., 

2018). Air pollution may also work in synergy with extremely high temperatures to 

increase adverse cardiovascular, respiratory and other health effects (Anenberg et al., 

2020; Rahman et al., 2022; see the Heat-Related Deaths and Illnesses chapter).  

Although warmer temperatures are likely to impact a range of individuals and 

populations, certain subgroups are at greatest risk of health impacts from extreme heat 

due to intrinsic factors (such as age and health status), greater likelihood of exposures, 

or less capacity for adaptive measures (such as access to air conditioning). These 

include the elderly, children, pregnant individuals, people of color, those with lower 

socioeconomic status, those who have unequal access to green spaces, those who are 

socially, linguistically, or geographically isolated, or those who work in agriculture, 

construction, landscaping or other outdoor occupations (Berberian et al., 2022; Cheney 

et al., 2022; Jiao et al., 2023; Ma et al., 2026; Santodomingo et al., 2024; Syed et al., 

2022; Ye et al., 2024; Yin et al., 2023) (see the Heat-Related Deaths and Illnesses and 

Occupational Heat-Related Illnesses chapters).  

Tribal Connection 2.4.1 
Elders of California Native American tribes are one at-risk group in extreme heat 

who may lack the cooling resources. The Wiyot Tribe writes, “The temperature 

regime of Wiyot territory is relatively stable compared to other areas of California 

experiencing rapid warming, higher extreme heat, and higher variability. 

However, because Wiyot Tribal members are accustomed to low and consistent 

temperatures and most of them do not have air conditioning, even relative heat, 

such as extended temperatures in the high 70s or 80s ⁰F, can be dangerous for 

vulnerable Tribal members such as elders.” (Wiyot Tribe, 2026). 

Extreme heat impacts infrastructure and economies (LCI, 2021). Urban infrastructure is 

especially threatened by cascading effects of extreme heat stress on interdependent 

water, power, and transportation systems. High heat can deteriorate pavement, buckle 

railway tracks, and restrict aircraft operations (Janatabadi et al., 2025; Sias et al., 2025; 

Yu and Shi, 2025). During hot weather, increased use of air conditioning and 

refrigeration increase electricity usage, thus straining the electrical grid (see the Cooling 
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and Heating Degree Days chapter). The strain on the electrical grid has caused 

blackouts during extreme heat events, eliminating many of the methods for coping with 

extreme heat such as air conditioning and manual ventilation leading to increased heat 

morbidity and mortality (Stone et al., 2023). Further, the increase in electricity 

generation to meet the demand for air conditioning during extreme heat events leads to 

increased emissions of highly reactive nitrogen oxides (NOx) (Abel et al., 2017; Peel et 

al., 2013). NOx and the ozone it can form through a sunlight-driven process in the 

troposphere (i.e., the atmospheric layer near the ground) can significantly impact human 

health, affecting respiratory and cardiovascular systems. NOx also interacts with other 

air pollutants, amplifying their overall health impacts (Donzelli and Suarez-Varela, 2024; 

Taha et al., 2025). 

Tribal Connection 2.4.2 
Extreme heat can exacerbate pre-existing health disparities within California 

Native American tribes, and strain limited resources. For the Big Valley Band of 

Pomo Indians, “Rising temperatures also strain energy demand and 

infrastructure, increasing the number and length of the Public Safety Power 

Shutoffs (PSPS) the Tribe has seen. To protect Elders during these PSPS events 

the Tribe has purchased generators. Increasing air temperatures promote ozone 

formation leading to adverse health effects such as lung irritation, inflammation, 

worsening of asthma, and increasing mortality (US EPA, 2021)” (Big Valley Band 

of Pomo Indians, 2026). 

Water resources are strained during heat events due to increased domestic, industrial 

and agricultural demand. Extreme heat conditions can also influence tourism, such as in 

California’s Coachella Valley, where it is projected that hotter temperatures will deter 

visitors and pose a major financial impact to the local economy (Yañez et al., 2020). 

Agricultural systems in California and across the globe are experiencing the impacts of 

heat stress and decreased water supplies. Extreme heat exposure stresses plants and 

stunts development of agricultural crops, resulting in reduced quality and lower yields. 

Scientists fear that current heat adaptation practices such as enhanced irrigation and 

crop breeding may not be sustainable under future climate conditions. Heat stress also 
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affects livestock by reducing weight gain or milk and egg production; in extreme cases, 

heat stress can lead to animal mortality (Parker et al., 2020; Walsh et al., 2020). 

Extreme heat exposure may also cause mismatches between the timing and duration of 

crucial life stages for flowering crops and their pollinators (Walters et al., 2022). 

Droughts, heat waves, wildfires, and floods often result from interactions between 

various physical processes that in isolation might not be considered extreme but when 

combined result in significant impacts.  A warming climate promotes co-occurrence of 

weather extremes, a higher risk of environmental disasters and greater reliance on 

emergency management and relief resources (AghaKouchak et al., 2020; Zscheischler 

et al., 2018). The western United States has experienced a larger frequency of 

simultaneously occurring dry and hot years in recent decades (see the Drought 

chapter). Multiple extreme events, also known as compound events, can amplify 

ecological and societal damage, as shown by the exceptionally dangerous wildfire 

seasons in recent years (AghaKouchak et al., 2020). For example, the Thomas fire in 

December 2017 and the Woolsey fire in November 2018, which caused tremendous 

devastation in four southern California counties, were both preceded by record-breaking 

heatwaves and extraordinarily dry autumn conditions (Hulley et al., 2020). Extreme 

rainfall over the burned area in January 2018 led to the deadliest debris flow event in 

California’s history, killing 23 people, damaging more than 400 homes, and depositing 

large volumes of sediment, ash, and debris into the waterways, altering stream 

channels and degrading aquatic habitat (AghaKouchak et al., 2020). Severe wildfires 

also can disrupt aquatic ecosystems by altering streamflow, increasing sediment, and 

introducing pollutants like ash, fire retardants, and heavy metals—threatening species 

such as Chinook salmon (Alizadeh et al., 2021; Neary et al., 2008; see the Wildfires and 

Chinook Salmon Population Abundance chapters). Runoff from burned areas can carry 

such contaminants to the ocean, harming marine ecosystems for years (OPC, 2026).  

Heat events are projected to become more intense, more frequent, and longer lasting, 

globally and in California (Cal-Adapt, 2026; IPCC, 2021). Taking action to mitigate and 

adapt to the impacts of extreme heat in California is critical, particularly given the largely 

preventable adverse effects on public health (LCI, 2021). Due to the need for a 

comprehensive statewide response, California developed an Extreme Heat Action Plan 
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that coordinates action across state agencies to improve public awareness and 

preparedness, strengthen community services and emergency response, increase the 

resilience of the environment, and expand solutions to reduce heat risk (CNRA, 2022).  

What factors influence this indicator? 
The increased frequency and intensity of temperature extremes since pre-industrial 

times is attributable to human-induced greenhouse gas emissions (IPCC, 2021). Some 

recent heatwaves would have been extremely unlikely without human influence on the 

climate system. For example, the duration, spatial extent, and amplitude of an 

unprecedented “Heat Dome” that formed in late June 2021 over western North America, 

and which contributed to large wildfires across the United States and Canada, was 

exacerbated by climate change: the event is estimated to have been 59% longer, 34% 

larger and 6% higher in maximum amplitude than the same event would have been 

without a warming climate (Jain et al., 2024). Similarly, record-breaking extreme heat 

events observed during an early spring heatwave that developed across the 

southwestern United States in March 2026 (with temperatures more typical of summer 

than late-March) were also driven by a “Heat Dome” and determined to have been 

virtually impossible without climate change (Clarke et al., 2026). 

Regional heat extreme patterns are influenced by aerosol emissions, land use and land 

cover changes, feedback processes involving land-atmosphere interactions (for 

example, dry soils increasing temperatures due to reduced evaporation), and large-

scale modes of natural climate variability (Hulley et al., 2020; Kornhuber et al., 2024). 

Local temperatures are influenced by topography, elevation, proximity to the ocean, and 

global and regional atmospheric and oceanic circulations. Clouds have a cooling effect 

during the day and a warming effect at night (Cox et al., 2020; Luo et al., 2024). Very 

small airborne particles from human and natural sources can have various effects on 

climate. Sulfate aerosols, which result from burning coal, biomass, and volcanic 

eruptions, tend to cool Earth. Other kinds of particles, such as black carbon, have a 

warming effect. The net effect on air temperatures of aerosols, dust, smoke, and soot is 

cooling (NASA, 2023). In addition, as air temperatures rise, the atmosphere can hold 

more water vapor, which traps heat and reduces nighttime cooling, providing less relief 
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from heat. Moreover, humid heat waves, as can occur in coastal areas, tend to last 

longer due to the stronger coupling of maximum and minimum temperatures during 

humid heat waves (Gershunov et al., 2009). 

Urbanization is generally known to have a warming effect, due in large part to the heat-

absorbing concrete and asphalt in building materials and roadways and can amplify the 

effects of extreme heat in cities (the urban heat island effect) (Lasky et al., 2024), while 

expansion of irrigation has a cooling effect on summertime temperatures (Bonfils and 

Lobell, 2007). Climate change and urbanization are the most significant drivers of 

warming in cities. A major factor in the urban heat island effect in California (Figure 
2.4.6) is the scarcity of city trees (Figure 2.4.7), which provide shade and cooling, and 

can reduce energy needed to heat and cool buildings (McPherson et al., 2018). 

California’s urban tree canopy currently covers just 14.5% of the state’s urban areas 

(USFS and CAL FIRE, 2026).  

Research on urban tree cover shows that its distribution in the United States is unequal: 

In most U.S. cities, neighborhoods that are predominantly low-income or 

disproportionately people-of-color have less tree cover than high-income or non-

Hispanic white neighborhoods and often experience higher summer surface 

temperatures (McDonald et al., 2024). 
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Figure 2.4.6. Statewide Urban Heat Islands. 

 
Source: Bjorkman et al. (2015) 
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Figure 2.4.7. Percent of Urban Tree Canopy Cover. 

 

Source: Bjorkman et al. (2015) 

 

Technical considerations 
Data characteristics 
This indicator uses station data from the National Oceanic and Atmospheric 

Administration’s (NOAA) Regional Climate Centers (RCCs) cooperative observation 

network acquired from the Applied Climate Information System (ACIS). The RCC 

Program partners with public and private partners, as well as other state, regional, and 

national climate services providers, to provide access to regional climate information 

and support the advancement of applied climate research (Umphlett et al., 2024).  

  

https://wrcc.dri.edu/csc/scenic/
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Strengths and limitations of the data 
The RCC-ACIS dataset is hosted online by the Southwest Climate and Environmental 

Information Collaborative and comprised of station data containing minimum and 

maximum daily temperature. RCC-ACIS station data pulls weather information from 

various networks such as the Cooperative Observer Program (COOP) and the Weather-

Bureau-Army-Navy (WBAN). The network includes the National Weather Service (NWS) 

principal climatological stations. Observing equipment used at all the stations is 

calibrated and maintained by NWS field representatives, Cooperative Program 

Managers, and Hydro-Meteorological Technicians. 

The station data have received a high measure of quality control through computer and 

manual edits, and are subjected to internal consistency checks, compared against 

climatological limits, checked serially, and evaluated against surrounding stations. 

Values calculated from RCC-ACIS may differ from those in other high-quality station 

datasets due to methodological differences. In addition, station coverage is not 

uniformly distributed geographically, and a limited number of stations were analyzed. 

Recorded temperatures in urban areas can also be affected by the urban heat island 

effect due to land surface modification and other human activities. Since most of 

California’s population resides in urban areas, heat impacts from urban-induced 

warming on health are significant. Quantification of the specific magnitudes of station-

based urban heat contributions are beyond the scope of the present study but are the 

subject of ongoing research.  
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