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Using Trees and Light Surfaces to Cool Cities

Determining how to cool cities has been of interest at Lawrence Berkeley National
Laboratory, where scientists have been investigating the causes of “urban heat islands” -
cities whose summertime air temperatures are 6-8°F higher than the surrounding
countryside.  Urban areas are warmer for two reasons:

- they use dark construction materials which absorb solar energy,

- there are few trees, shrubs or other plants to provide shade and cool the air.

Not only are cities already warmer than they need to be, summertime temperatures keep
increasing.  Los Angeles in 1934, covered with irrigated orchards, reached a summer high
temperature of 97°F.  As buildings and pavement replaced these orchards, maximum
temperatures warmed to 105°F or more in the 1990’s - an increase of about one and a half
degrees per decade!  Los Angeles is not alone.  Scientific data show temperatures in cities
all over the world - including Baltimore, Phoenix, Tucson, Washington DC, Shanghai and
Tokyo - are steadily increasing by one half to one degree Fahrenheit every ten years.  

These higher temperatures lead to more than mere discomfort.  More energy is used to cool
buildings and automobiles, raising energy and gasoline expenses, as well as contributing
more emissions to the atmosphere.  The rate of smog formation increases with temperature,
so emissions on the hottest summer days “cook” into a thicker smog - dangerous for
people at respiratory risk, and adding to greater medical costs.  And the rising incidence of
urban heat disasters, as in Chicago in the summer of 1995, has been the cause of increased
mortality rates.  

Thankfully, researchers at LBNL have found some solutions.  Using construction surfaces
with higher albedo (reflectivity to solar energy) and strategically planting trees and other
vegetation can reverse this heat island effect.  A study of Los Angeles with trees and high
albedo surfaces added to about 15% of the city found peak summer temperatures dropped
by 6°F, and smog production decreased by 10% - equal to removal of 3 to 5 million cars
from the roads!

Typical urban materials have fairly low albedos (see Figure), ranging between 0.05 and
0.40.  Materials with albedos of 0.50 and higher, such as white paint, reflect away more of
the sun’s heat, which keeps buildings and pavement cooler.  Studies using high albedo roof
coatings in California and Florida found cooling energy use was reduced by as much as
67%.

Trees and plants don’t have very high albedo, but they shade buildings and pavement from
the sun’s heat.  They also “evapotranspirate” moisture through their leaves, removing heat
from the air in the process.  A mature, properly-watered shade tree with a 30 foot crown can
process 40 gallons of water in a day - equivalent to removing the heat produced by running
a small space heater for four hours.  Studies in Sacramento have found that shade trees
placed around buildings saved up to 60% of the cooling energy used.

How can we apply the results of this research?  Here are a few guidelines.

- Use white or lighter colors for building walls and surfaces.

- Use white or light-colored shingles on sloping residential rooftops, and white coatings on
flat residential and commercial roofs.
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- Use light-colored paving materials, such as concrete, instead of dark asphalt.

- Use ground covers or low-water use grasses around buildings, replacing pavement
wherever possible.

- Plant trees and shrubs to shade windows, roofs and walls from the summer sun, most
effectively along the south and west walls of buildings.

- Shade air conditioner condensing units from direct sun using non-damaging plants or
awnings which allow air flow.

- Group trees in groves and along corridors to create oases which cool nearby
neighborhoods.

Painting a building and coating a roof are fairly straightforward and require little
maintenance once they’re accomplished.  But planting a tree or a shrub is not so simple a
process.  Trees in the city are often subject to conditions that doom their longevity from the
start.  A tree needs at least 30 square feet of soil for its roots to grow, and should be allowed
to grow to maturity without being pruned away from buildings and electric lines.  Trees also
need good soil with adequate drainage.  And a tree mustn’t be just planted and forgotten -
for a good start a tree needs three years of watering, weeding and protection from
lawnmowers and vandals.  One caution about tree selection - watch out for trees with high
biogenic emissions.  Widespread use of the wrong tree type can actually exacerbate urban
smog.  

The steps needed to cool urban areas are simple and sensible.  But their application requires
some rethinking of the current use of trees, plants and construction materials.  Thoughtful
changes to design practices and zoning codes can improve urban comfort, save energy and
money, reduce smog, and perhaps even save a few lives.  

For more information, refer to “Cooling Our Communities, A Guidebook on Tree Planting
and Light-Colored Surfacing”, U.S. Environmental Protection Agency, January 1992, or
contact Dr. Lisa Gartland at Lawrence Berkeley National Laboratory (510) 486-7334,
LMGartland@lbl.gov.  


