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ABSTRACT
Los Angeles is experiencing more heat waves and also more extreme heat 
days. 2ese numbers have increased by over 3 heat waves per century and 
nearly 23 days per century occurrences, respectively. Both have more than
tripled over the past 100 years as a consequence of the steady warming of 
Los Angeles. Our research explores the daily maximum and minimum temper-
atures from 1906 to 2006 recorded by the Department of Water and Power 
(DWP) downtown station and Pierce College, a suburban valley location. 
2e average annual maximum temperature in Los Angeles has warmed by 
5.0°F (2.8°C), while the average annual minimum temperature has warmed 
by 4.2°F (2.3°C). 2e greatest rate of change was during the summer  
months for both maximum and minimum temperature, with late fall and 
early winter having the least rates of change. 2ere was also an increase 
in heat wave duration. Heat waves lasting longer than six days occurred 
regularly a3er the 1970s but were nonexistent from the start of 1906 until 
1956, when the 4rst six-day heat wave was recorded. While heat days have
increased dramatically in the past century, cold days, where minimum
temperature is below 45°F (7.2°C), show a slight decreasing trend.  Recent
deadly heat waves in the western United States have generated increasing
electricity demands.  In light of the electricity response to recent extreme-
heat events, such as July 2006 heat waves in California, Missouri and New
York, these results suggest the future increase in peak electricity demand
will challenge current transmission and supply methods as well as future 
supply capacities when population and income growth are taken into acc-
ount.

 
R),)'( 1)$10. -)$( 5$*)/ in the western United States have generated 
a great deal of attention (Abdollah 2007). California, better known for its 
mild climate, experienced two deadly heat waves in a row. Hoerling et al. 
(2007) looked at the 2006 heat waves to determine the most probable cause. 
Kozlowski and Edwards (2007) analyzed the spatial and temporal vari-
ability in the July 2006 heat waves in California, while Maxwell (2007) did 
the same for San Diego County. 2e relationship between heat waves and 
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excess deaths in large U.S. cities has been reviewed by Davis et al. (2004). 
Global climate models have predicted more intense, more frequent, and 
longer-lasting heat waves in North America and Europe in the future (Meehl 
and Tebaldi). In this present study, we look at the problems involved in 
de4ning heat waves and in identifying trends in heat waves in the southern 
California urban area.

A number of recent studies have focused on the frequency and intensity 
of extreme weather events. Because of the long records available, several 
studies concentrate on temperature extremes. Among these are long-term 
temperature series of local, regional, and global surface-air temperature. On 
a global scale, Jones et al. (1999) found that the Northern Hemisphere has 
been heating at a rate of 0.5–0.7°C since 1860. And the possibility is that this 
warming is speeding up; the warmest eight years globally have taken place 
since 1983 (WMO 1997). Regional studies, such as ECSN (1995) looked at 
surface temperatures from 100 European stations over much of the 20th 
century. 2ey noted warming from the beginning of the century to the 1940s, 
a period of stability or even cooling until about 1970, followed by increases 
up to the present. ESCN also found that the decade of the 1990s was the 
warmest of the recent temperature records. Similar studies for the southern 
European area and for the Czech Republic look at heat wave frequencies 
and the atmospheric conditions that are associated with them (Baldi et al. 
2006; Kysely 2002).

Individual temperature records have been studied to show trends and 
variations in many parts of the world, with many of these long-term series 
being from cities. 2e 105-year record of surface temperatures for Athens, 
Greece, has been analyzed for trends in diurnal and seasonal warming 
patterns (Founda et al. 2004). 2e 4ndings show that urban centers have 
temperature warming trends above those of more rural surroundings. Oke 
(1987) has found that Urban Heat Island temperatures in general increase 
as population increases. In California, urban centers have warmed faster 
than the rest of the state (LaDochy et al. 2007), a pattern that seems to be 
occurring worldwide (Oke 1997). Our study explores how increasing tem-
peratures over the past 100 years in southern California, and Los Angeles in 
particular, has led to an increase in heat wave frequency and duration, and 
that cold spells have decreased. Additionally, we look at data from Pierce 
College in the heavily populated San Fernando Valley of metropolitan Los 
Angeles, to see whether similar trends exist. 
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As there is no universal de4nition of what constitutes a heat wave and 
extreme heat days, we chose de4nitions commonly used in climate research 
for our own de4nitions. Although these de4nitions are arbitrary, they can 
be used to show trends. Cold spells are de4ned using a similarly arbitrary, 
but commonly used, threshold. While there is no universal de4nition of a 
heat wave, a meteorological de4nition can be developed based on a run of 
extreme days, where the de4nition of extreme is linked to the local tempera-
ture distribution (Robinson 2001). In the United States, de4nitions vary by 
region, but a heat wave can be de4ned most commonly as a period of at least 
three consecutive days above 90°F (32.2°C). For our study, a heat wave is 
de4ned as three consecutive days with temperatures above 90°F as recorded 
at the downtown Department of Water and Power (DWP) station. It is our 
intention to discover whether there is a trend in the number of heat waves 
and the duration of heat waves over the past 100 years and, if so, what the 
magnitude of the trend is. In addition, we want to uncover any change in 
the number of days above our threshold of 90°F. 2us, we look at the trend 
in the number of occurrences of both heat wave events and days above 90°F 
threshold for DWP. Since minimum temperature is o3en increasing in cities 
faster than maximum temperature (Gallo et al 1999), we test the trend in the 
number of cold days per year by choosing an arbitrary minimum of 45°F 
(7.2°C). 2ese threshold values of 90 and 45 appear to be extreme enough 
throughout the DWP record that comparisons can be made. However, 
these values may not be extreme in other parts of the city. In assessing heat 
and cold days in the more inland valleys, such as Pierce College, we chose 
threshold values of 100°F and 32°F as extremes. Although these values are 
arbitrary, there is precedence in weather records to use them as measures of 
heat and cold waves, and they do provide data outside at least one standard 
deviation from the mean.

Our calculations used data recorded at the Department of Water and 
Power in Los Angeles, the o7cial weather station for downtown Los An-
geles until 1999, consisting of the daily maximum and the daily minimum 
temperatures spanning from 1906 to 2006. Except for some missing data 
from late 1907 to 1908 and a large gap from 1914 to 1921, these records still 
provide a 100-year record of Los Angeles climate history, making possible 
the discovery of any long-term trends. 2e Department of Water and Power 
was the o7cial weather station of downtown Los Angeles until 1999, when 
it was then moved to the University of Southern California (USC) campus, 
away from the downtown core and nearly four miles to the southwest of the 
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DWP location. It has been argued that this move has signi4cantly altered the 
weather readings from its original site (Patzert et al. 2007). However, this 
move did not impact the data used in this study because DWP observations 
are still being collected even a3er 
the o7cial move to USC. All of the 
data used from 1906 to 2006 is from 
DWP and does not include any 
data from USC. 2e Department of 
Water and Power weather station is 
located in the downtown core at a 
location that is not impacted by sur-
rounding buildings. For purposes 
of comparison, daily maximum and 
minimum temperature data from 
1949 to 2006 were analyzed from 
Pierce College in the western end of 
the San Fernando Valley (Figure 1). 
Pierce College is situated in one of 
the warmest locations in the urban 
portion of Los Angeles County and 
recorded the highest 
temperature ever in 
LA County, 119°F, at 
the peak of the July 
2006 heat wave.

When these data 
were analyzed, it be-
came evident that the 
average annual max-
imum temperature 
in Los Angeles was 
indeed warming by 
5.0±0.2 (standard er-
ror) degrees F over 
the 100-year period 
(Figure 2). 2e aver-
age annual minimum 
temperature is also 
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steadily warming at 
4.2±0.1 degrees F per 
century (Figure 3). 
When the 100-year 
data was broken down 
by months, it became 
noticeable that the 
greatest rate of in-
crease was during the 
summer months with 
peaks in June (6.13°F) 
and July (5.19°F) 
for maximum tem-
perature (Figure 4). 
However, when the 
number of days with 
daily maximum tem-
peratures above 90°F 
is shown by month, 
September leads by a 
far margin over Au-
gust, which happens 
to be the warmest 
month on average 
for DWP (Figure 5). 
Although most U.S. 
cities begin cooling 
in September, west 
coast cities still have 
some of their hottest 
days in early fall, as 
the Paci4c Sea Surface 
Temperatures usually 
reach their peak at 
this time and sub-

tropical Paci4c high-pressure systems tend to stall over the western states 
(Bruno and Ryan 2000).
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A dramatic in-
crease in heat days 
and heat waves was 
observed at DWP (a 
heat wave is de4ned 
as three or more con-
secutive days above 
90°F). Heat waves in-
creased by 3.09±0.8 
events over the 100-
year period (Figure 
6) and heat days (a 
single day above 90°F) 
increased by 22.8±4.7 
(Figure 7). Cold days, 
de4ned here as min-
imum temperature 
below 45°F, decreased 
over the same period 
by about 9 days. Pierce 
College also showed 
increases in heat days 
(days above 100°F) 
and a decrease in cold 
days (days below 32°F) 
of nearly 25 days and 
24 days, respectively 
(Figure 8). Further-
more, along with the 
increase in heat waves 
there was an increase 
in heat wave duration 
at DWP (Figure 9). 
Duration of a heat 
event is an important 

factor in its impact, and heat waves lasting longer than 6 days occurred 
regularly a3er the 1970s but were nonexistent from 1906 until September 
1956, when the 4rst 6-day heat wave was recorded. During the July 2006 heat 
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wave, Pierce College 
recorded temperatures 
of 100°F or greater for 
21 consecutive days, 
the longest such heat 
streak since records 
began there in 1949 
(Kozlowski and Ed-
wards 2007). 

Because of its lo-
cation, Los Angeles 
experiences mild win-
ters and hot summer 
weather. However, 
due to urbanization, 
Los Angeles has been 
steadily warming. Ac-
cording to the United 
States Census, the pop-
ulation in Los Angeles 
in 1910 was 319,198. 
By 2005 that number 
had jumped to a stag-
gering 3,844,829. 2e 
heating of Los Angeles 
can be attributed to 
the urban heat island 
e8ect. Mostly occur-
ring in metropolitan 
areas, the heat island 
can increase the tem-
perature of the urban 
air by 2 to 10 degrees F 
when compared to the 
surrounding country-

side (Landsberg 1981). 2ere are several causes of an urban heat island. 2e 
more the population increases in a city, the more the demand for buildings 
and roads and the more landscape is converted from natural settings to 
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concrete and asphalt. 
Since concrete and 
asphalt have differ-
ent heat properties 
than grass and trees, 
more thermal ra-
diation is absorbed 
and released slowly 
by these structures, 
thereby warming the 
surrounding air. 2e 
same applies to the 
increase in night-
time temperatures. 
Elements of urban de-
velopment are able to 
store more heat, and 
at night these build-

ings and roads slowly emit their thermal radiation into the night air (Oke 
1987). Although the urban heat island e8ect can be considered the greatest 
contributor to the gradual heating in Los Angeles, global warming does play 
a role. 2e global average temperature has increased by about 1.3 degrees F 
(0.74°C) in the past century (IPCC 2007), so we conclude that global warm-
ing contributes about 26.5 percent to the overall gradual heating occurring 
in Los Angeles.

A direct consequence of warming temperatures in Los Angeles is more 
frequent occurrences of heat waves and extreme heat days. We de4ne a heat 
wave as three or more consecutive days above 90°F and an extreme heat 
day as a single day above 90°F. 2us, according to the data, heat waves have 
increased by 3.09 events per year over the 100-year period (Figure 6). In 
1997 there were seven such events, with the longest event lasting a week. A 
close look at the data leads us to conclude that the duration of heat waves 
is increasing as well; in fact, the records show an increase in heat wave 
duration (Figure 9). Indeed, there were two 13-day-long heat waves, one 
beginning on August 12, 1983, and the other on August 25, 1995. Along 
with heat waves, heat days have increased by a staggering 22.8 occurrences 
per year over the 100-year study period (Figure 5). Also, cold days, where 
the high temperature is below 45°F, decline over the study period; minimum 
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temperatures at DWP actually increased about 2.4°F during the period of 
record for heat waves alone. 

Conclusion
Our study explores the changes in Los Angeles temperatures using hourly 
and daily records from di8erent weather stations in southern California. 
Our analysis of the data revealed the following:

1. 2e average annual Los Angeles maximum temperature has heated 
up by 5.0±0.2 degrees F over the 100-year study period, and the 
average annual minimum temperature has increased by 4.2±0.1 
degrees F over the same period. We attribute this warming to the 
urban heat island e8ect and, to a smaller degree, atmospheric global 
warming. 

2. Los Angeles is experiencing more heat waves (periods of three con-
secutive days above 90 degrees F) and also more extreme heat days 
(days above 90 degrees F). 2ese numbers have increased by 3.09±0.8 
and 22.8±4.7 occurrences over the study period, respectively. Both 
are a direct consequence of the steady heating of Los Angeles. 2ere 
is also some evidence that cold events may be decreasing.

3. 2e duration of heat wave events is also increasing.
2ese changes in Los Angeles climate will surely become a problem 

for residents of the city. A higher risk of heat-related deaths, an increase in 
wild4res, and more strain on water, power, and agriculture may be direct 
consequences of the rising Los Angeles temperatures. 
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