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EXTREME HEAT EVENTS
Extreme heat has become more frequent in California since 1950, especially at night. 
Across most locations studied here, the number and magnitude of extreme heat events 
have significantly increased. Heat waves – two or more consecutive heat events – vary 
from year to year, but have become more frequent in the past decade.

What does the indicator show?
Since 1950, nighttime extreme heat events have increased in magnitude and frequency 
more than daytime heat events, as shown in Figure 1. The maps show decadal trends 
in the magnitude and frequency of daytime and nighttime extreme heat events during 
the warm months between April and October at selected locations (see Figure 2 map of 
weather stations). 

Figure 1. Magnitude and frequency of extreme heat events  
(trend per decade, 1950-2021)

A. Daytime extreme heat events B. Nighttime extreme heat events

Source: Cal-Adapt, 2018, Dunn 2019, and RCC-ACIS, 2021

An extreme heat event occurs between April and October when the temperature is at or above a 
location-specific historical temperature threshold, set at the 95th percentile of daily maximum for 
daytime extreme events (Figure 1A), or of daily minimum temperatures for nighttime events 
(Figure 1B), during the 1960-1990 reference period. 

The rate of change (per decade) in frequency, the total number of extreme heat events each year, is 
the value in each shape (hexagon or oval); an asterisk indicates a statistically significant trend 
(p < 0.05). The rate of change (per decade) in magnitude, the annual sum of daily exceedances 
above the historical temperature threshold, in degrees Fahrenheit (°F), is presented using the fill 
colors (see legend); a hexagon denotes a trend that is statistically significant (p < 0.05), while an oval 
is not significant. The outlines on the map show the boundaries of the eleven climate regions, as 
defined by the Western Regional Climate Center.
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For a given location, a daytime extreme heat event occurs when the historical threshold 
for daily maximum temperature is exceeded, and a nighttime extreme heat event, when 
the historical threshold for daily minimum temperature is exceeded. There is no 
standard temperature for defining an extreme heat event. Researchers often apply a 
threshold between the 85th and 98th percentile of historical values. Here, the threshold is 
set at the location-specific 95th percentile of either the daily maximum temperatures (for 
daytime events) or the daily minimum temperatures (for nighttime events) from April to 
October during the 1960-1990 reference period.

From 1950 to 2021, the 
magnitude of extreme heat 
events increased by at least 
1.76 degrees Fahrenheit (°F) 
per decade during the day at 
10 of the 14 stations and at 
night at 8 stations (stations 
with orange to dark red fill in 
Figure 1A and B, respectively). 
During the same period, the 
frequency of heat events 
increased by at least 1 event 
per decade at 5 stations for 
daytime events, and at 7 
stations for nighttime events 
(values inside shapes in 
Figure 1A and 1B, 
respectively). Out of the 
stations analyzed, the number 
of daytime heat events 
increased the fastest in 
Edwards AFB and San Diego, 
with the latter also showing the 
fastest increase in magnitude 
(Figure 1A). Blue Canyon 
experienced the greatest 
increase in the number of 

nighttime heat events (with San Francisco Airport a close second) and magnitude 
(Figure 1B). 

The magnitude and frequency of daytime and nighttime extreme heat events each year 
at the selection locations are presented in Figures 3 and 4, respectively. The magnitude 
shown is the sum of daily or nightly exceedances above the historic threshold in a given 
year at that location.

Figure 2. Selected weather stations*

*At least one weather station is from each of California’s 
eleven climate regions (outlined in gray; refer to map, 
Figure 8). Data sources are discussed in “Technical 
considerations.”
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At Edwards AFB, San Diego, San Francisco Airport, and Santa Maria, the magnitude of 
daytime extreme heat in the last decade is especially notable with at least one year 
having reached at least 150°F (Figure 3A); note that this is the annual sum of the daily 
exceedance above the 95th percentile. Similarly, daytime heat events have become 
more frequent in the last decade, notably at Bishop, Edwards AFB, San Diego, and 
Thermal, where at least one year having reached 35 or more events (Figure 3B). 

Compared to daytime heat events, nighttime events have seen greater increases in 
magnitude and frequency (Figure 4). Blue Canyon, Edwards AFB, Long Beach,

Figure 3. Annual daytime extreme heat events at the selected locations  
(1950-2021)

A. Daytime Extreme Heat Events: Magnitude (°F)

B. Daytime Heat Events: Frequency (days)

Source: Cal-Adapt, 2018, Dunn 2019, and RCC-ACIS, 2021

Annual values for magnitude and frequency are presented for each location. Greyed out areas mean 
no data are available for that timeframe. A location-specific threshold of the 95th percentile was used 
to determine extreme heat events.
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San Diego, San Francisco Airport and Santa Maria had at least one year when the 
magnitude of nighttime heat events reached at least above150°F; San Diego and 
San Francisco Airport experienced one and three year(s) above 200°F, respectively, 
during this period (Figure 4A). The last decade also saw the same locations reaching 
over 35 nighttime heat events on at least one year, with San Diego, San Francisco 
Airport and Santa Maria recording over 50 nighttime heat events (Figure 4B).

There is no set definition for how many consecutive events make up a heatwave. For 
purposes of this indicator, a heat wave consists of two or more consecutive daytime or 
nighttime heat events. Figures 5 and 6 present location-specific averages by decade for 

Figure 4. Annual nighttime extreme heat events at the selected locations 
(1950-2021)

A. Nighttime Heat Events: Magnitude (°F)

B. Nighttime Heat Events: Frequency (days)

Source: Cal-Adapt, 2018, Dunn 2019, and RCC-ACIS, 2021

Annual values for magnitude and frequency are presented for each location. Greyed out areas mean 
no data are available for that timeframe. A location-specific threshold of the 95th percentile was used 
to determine extreme heat events.
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daytime and nighttime heatwaves, respectively; values presented for the last decade 
(“2020”) are for 2020 and 2021 only. For comparison, the frequency and magnitude of 
extreme heat events are also presented. 

Figure 5. Daytime heat wave and extreme heat by decade at the selected locations

The average annual values by decade for the number of daytime heatwaves and extreme heat events 
(bars) and their magnitude (the sum of daily exceedances above the historical threshold, in degrees 
Fahrenheit (°F)) (dots and lines) are presented for each station. A daytime heatwave is defined as two 
or more consecutive extreme heat days at a given location. Note: Values for the “2020 decade” include 
data from 2020 and 2021.
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Figure 5, continued
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Figure 6. Nighttime extreme heat wave and extreme heat by decade  
at the selected locations

The average annual values for the number of nighttime heatwaves and extreme heat events (bars) and 
their magnitude (the sum of nightly exceedances above the historical threshold, in degrees Fahrenheit 
(°F)) (dots and lines) are presented for each station by decade. A nighttime heatwave is defined as two 
or more consecutive extreme heat nights at a given location. Note: Values for the “2020 decade” include 
data from 2020 and 2021.



Indicators of Climate Change in California (2022)

Extreme heat events  Page III-16

Figure 6, continued



Indicators of Climate Change in California (2022)

Extreme heat events Page III-17

Since 1950, the average number of daytime heatwaves per decade at each station has 
been relatively constant, ranging between 1 and 3 at most stations, however certain 
stations have experienced more frequent daytime heatwaves in the 2010s and in 
2020/2021: Bishop, Blue Canyon, Edwards AFB, Red Bluff, and Thermal (Figure 5). 

The magnitude of daytime heat waves shows no clear trends, although several stations 
experienced more intense heatwaves in 2020/2021 (Arcata, Bishop, Blue Canyon, 
Edwards Air Force Base, Red Bluff, Sacramento, San Francisco Airport, and Thermal). 
Several stations have recorded more frequent nighttime heat waves in the 2010s and in 
2020/2021, including Bakersfield, Bishop, Blue Canyon, Edwards AFB, San Francisco 
Airport, Thermal, and Tahoe (Figure 6). Nighttime heatwave and extreme heat event 
magnitude are variable but appear to be increasing at San Francisco Airport and 
Thermal. In general, the magnitude of heat events and heatwaves are higher during the 
day than at night, but there are more nighttime extreme heat events and heat waves. 
For most of the stations, the magnitude and frequency of extreme heat events and of 
heatwaves are higher in the second half of the time series for both nighttime and 
daytime events. 

Statewide, the number of extremely hot days (Figure 7, right) – defined as days on 
which the maximum temperature was at or above 100°F – has been variable since 

Source: Figures 2a and 3 from Frankson et al., 2022

Left: Observed annual number of extremely hot days (maximum temperature of 100°F or higher) 1930 
to 2020. Right: Observed annual number of very warm nights (minimum temperature of 75°F 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.

Figure 7. Statewide number of extremely hot days and very warm nights
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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. A more 
pronounced increase is evident in the number of very warm nights (Figure 7, left), when 
minimum temperatures were at or above 75°F. 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. Figure 7 is based on 
statewide analyses conducted by the National Oceanic and Atmospheric 
Administration’s National Centers for Environmental Information (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, 2021). Heat waves accompanied by high humidity are especially dangerous to 
human health. Humidity prevents surfaces from cooling down at night, leading to higher 
nighttime temperatures (Gershunov et al., 2009). People, animals (including household 
pets) 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 accelerate the formation of ground-level ozone, and trap ozone, 
particulate matter and other harmful air pollutants (Peel et al., 2013). Temperature 
specifically is frequently the leading metrological driver to 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; see Heat related mortality and morbidity indicator). 

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, those with lower socioeconomic status, those who are 
socially, linguistically, or geographically isolated, or those who work in agriculture, 
construction, landscaping or other outdoor occupations (see Heat related mortality and 
morbidity and Occupational heat-related illness indicators). 

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. During hot weather, increased use of air 
conditioning and refrigeration increases electricity usage, thus straining the electrical 
grid (see Cooling and heating degree days indicator). Further, the increase in electricity 
generation to meet the demand for air conditioning during extreme heat events leads to 
increased emissions of nitrogen oxides (NOx) (Abel et al., 2017; Peel et al., 2013). NOx 
has been associated with decreased lung function, lung inflammation, asthma 
symptoms, and decreased immune response. It is also a precursor for ozone formation.
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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 (Yanez et al., 2020).

Agricultural systems across California and globally are experiencing the impacts of heat 
stress and decreased water supplies (Parker et al., 2020). 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 affects livestock by reducing weight gain or milk and egg 
production; in extreme cases, heat stress can lead to animal mortality (Walsh et al., 
2020). 

Climate scientists report that the Western United States has experienced a larger 
frequency of simultaneously occurring dry and hot years in recent decades (see 
Drought indicator). Multiple extreme events can amplify ecological and societal 
damages, as shown by the exceptionally dangerous wildfire seasons in recent years. 
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). A warming climate promotes concurrence of 
weather extremes, a higher risk of environmental disasters and greater reliance on 
emergency management and relief resources. 

Heat events are projected to become more intense, more frequent, and longer lasting 
(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). Recognizing the need for a comprehensive, statewide 
approach to extreme heat, California is developing a strategic framework of state 
actions to adapt and build resilience to extreme heat (CNRA, 2021). 

What factors influence the 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 hot extreme events would have been extremely unlikely without human influence 
on the climate system. Regional patterns are influenced by feedback processes 
involving land-atmosphere interactions (for example, between soil moisture and 
evapotranspiration), local land use and land cover changes, aerosol concentrations, and 
El Niño-Southern Oscillation events and other large-scale modes of climate variability. 

Air temperature varies according to the time of day, the season of the year, and 
geographic location. Urbanization can amplify the effects of global warming in cities, 
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especially at night (the urban heat island effect). However, rural locations see 
comparable increases in extreme heat days and nights and all regions of California are 
affected by regional climate change (see Annual Air Temperature indicator). The 
asymmetric increase in nighttime California heat wave activity and extreme heat nights 
compared to daytime heat extremes is consistent with impacts expected under global 
climate change.

As air temperatures rise due to anthropogenic emissions of other greenhouse gases, 
the water vapor content of the atmosphere increases. Water vapor absorbs outgoing 
longwave terrestrial radiation and re-radiates energy back to the surface, thus impeding 
radiative cooling. Therefore, there is less nighttime respite from heat when specific 
humidity is high. Moreover, humid heat waves tend to last longer due to the stronger 
coupling of maximum and minimum temperatures during humid heat waves (Gershunov 
et al., 2009).

Technical considerations
Data characteristics
This indicator uses station data from Hadley Integrated Surface Dataset (HadISD) 
global record, hosted by CalAdapt, and 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 
stations using the RCC-ACIS data include: Blue Canyon, Bishop, Tahoe, and Thermal, 
all the other data used here are from the CalAdapt dataset. Both the RCC-ACIS and 
HadlSD datasets have gone through quality control checks.

At least one station from each of 
California’s climate regions, 
preferably those located in large 
urban centers, was selected for 
the analysis. The climate regions 
are shown in Figure 8. Only 
stations with NOAA complete 
records were used in the 
analysis. All stations have data 
starting from at least 1950, 
except for Santa Maria where 
data are available starting in 
1954. Trends were calculated 
using the Mann-Kendall analysis. 

Figure 8. California’s Climate Regions

Source: WRCC, 2017

http://albers.cnr.berkeley.edu/data/hadisd/
https://wrcc.dri.edu/csc/scenic/
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Strengths and limitations of the data
The datasets hosted on CalAdapt consist of hourly observed historical station datasets 
with at least 30 years of observations from the HadlSD global record. The HadlSD 
dataset is compiled from NOAA’s Integrated Surface Database, which is a collection of 
highly quality-controlled weather data from various data sources. The RCC-ACIS (or 
SCENIC) dataset is 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 vast majority of the COOP observers are trained volunteers, and the 
network also includes the National Weather Service (NWS) principal climatological 
stations. The observing equipment used at all the stations, whether at volunteer sites or 
federal installations, are 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. 
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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