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Urban Head Island 
Background Information

Living in the desert has always been a challenge for people and other living organisms. There is too little water and, in 
most cases, too much heat. Some of the highest temperatures on earth have been recorded in deserts, yet we also know 
that people have lived in deserts for thousands of years. Certainly the more than three million people who make metropoli-
tan Phoenix in Arizona their home are evidence of our ability to create livable places in harsh environments.

As Phoenix has grown, the natural environment has been transformed from the native desert vegetation into a diverse as-
semblage of built materials, from buildings, to parking lots, to roadways. Concrete and asphalt increase mass density and 
heat-storage capacity. This in turn means that heat collected during the day is slowly radiated back into the environment 
at night. While both the city and the Sonoran Desert are hot during the day, the desert cools down much more quickly 
at night than the city. Figure 1 shows the average minimum temperature in the Phoenix metropolitan area has increased 
(along with its population) since 1945, as compared to a nearby rural location. 

Figure 1. Annual Minimum Temperatures and Population Growth in the Phoenix Metro-
politan Area. Source: A. Brazel, 2004
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use alternative materials and designs that absorb and 
retain less thermal energy than conventional materials 
under identical environmental conditions (Carlson & 
Golden 2008). Individuals and city planners can play 
a role in making our urban environment more sus-
tainable by employing new design and construction 
techniques. 

The Urban Heat Island is an important topic of re-
search at Arizona State University. In particular the fol-
lowing research projects and groups have contributed 
to our understanding of this phenomenon in Phoenix.

Central Arizona Phoenix Long-Term Ecological 
Research Project (caplter.asu.edu)

Decision Center for a Desert City (dcdc.asu.edu)

Sustainable Materials & Renewable Technologies 
Solutions for Energy and Climate (asusmart.
com)

Neighborhood Ecosystems: Human-Climate Inter-
actions in a Desert Metropolis (shesc.asu.edu/
node/297) 

Urban Vulnerability to Climate Change: A System 
Dynamics Analysis (shesc.asu.edu/node/552)
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Temperature changes impact urban dwellers in many 
ways, influencing their health, comfort, energy costs, 
air quality, visibility levels, water availability and quality 
of life (Karl et al., 2009). Over the 20th century, average 
annual temperatures have increased 3.1oF in Marico-
pa and Pinal counties. In urban areas of the counties, 
however, temperatures rose over three times higher 
than in rural areas (increases of 7.6oF vs. 2.3o F). A 
high growth rate combined with clear, calm weather, 
low altitude with intense sun, and heat-absorbing 
surfaces explain our greater than normal urban warm-
ing (Brazel 2000). Scientists call this phenomenon the 
Urban Heat Island. While other cities also experience 
this type of heat, the Phoenix-area Urban Heat Island 
is a nighttime phenomenon in which the average low 
temperatures have increased over time. Because 
minimum daily temperatures have increased in the 
Phoenix area, it takes less time to reach uncomfort-
able temperatures during the day and longer to cool 
off during the night. The average number of hours per 
day with temperatures greater than 100oF between 
May and September has doubled since 1948 from 1.8 
to 3.4 hours per day. During July and August, the two 
warmest months of the year, the average number of 
hours per day with temperatures greater than 100oF 
has also doubled from 3.6 to 6.4 hours per day. Thus, 
the number of “misery hours” per day has nearly dou-
bled as the result of urbanization (Baker et al., 2002).

So what does this mean for living sustainably in desert 
environments? Some researchers have found that 
the pattern of the Phoenix Urban Heat Island is more 
complex than just a hot urban center surrounded by 
cooler rural locations. Researchers have found that 
temperatures are moderated by the density and diver-
sity of plants in neighborhoods (Stabler, et al., 2005). 
Thus, even in the urban core, some neighborhoods 
with lush landscapes are much cooler than adjoining 
neighborhoods with barren landscapes. These differ-
ences are due in large part to the distinct preferences 
for certain landscape-design features and plant com-
binations (Larsen & Harlan, 2006; Martin & Stabler 
2004). What this means in Phoenix is that climatically 
stressed neighborhoods tend to have fewer resourc-
es to cope with extreme temperatures (Harlan et al., 
2008).

Landscaping appears to be one way to mitigate the 
impact of the Urban Heat Island phenomenon. De-
signing the built environment with different materials 
is another approach. Cool roofs and cool pavements 
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