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(The cooling effects of shade trees in subtropical regions are most
influenced by foliage density and leaf thickness, leaf texture, and leaf

color lightness)
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Shade trees provide a cooling effect by blocking sunlight and increasing air moisture, but
not all trees offer equal relief from the heat. Tree species with rough, dense foliage and light
colored leaves provide the greatest cooling benefits to their surroundings.

During the day, the sun warms the earth as waves of sunlight are absorbed by all that it
touches. When sunlight falls on trees, the energy excites atoms in its leaves, triggering
photosynthesis and creating heating. Too little heat results in very slow growth, but excess heat
can be destructive to temperature sensitive molecules in the plant. Tree species are adapted to
their local sunlight regime by producing leaves with varying degrees of reflectiveness; i.e., dark
colored leaves absorb the most energy from sunlight, while light colored leaves reflect excess
sunlight. For example, conifer forests cover high latitudes where sunlight is limited. By having
dark needles, conifers are able to absorb the most energy from sunlight when it is available. In
contrast, cacti receive plenty of sunlight in low latitude deserts. To prevent scorching, cacti are
light colored to reflect some of the sunlight they receive.

Sunlight also heats the ground where it is exposed, causing it to collect the sun’s energy
during the day and release the energy as heat at night. This results in an overall heat increase in
exposed areas because nighttime cooling is minimized. Shade trees with dense foliage are able
to block sunlight from reaching the ground during the day, preventing the ground from
collecting energy. Because shaded areas do not release heat at night, ambient temperatures
remain cooler on average than exposed areas receiving the same amount of sunlight.

In addition to general heating, the energy from sunlight also excites water molecules in
leaves and transforms them from liquid to vapor, a process called evapotranspiration. Water
molecules are unique because they are able to hold a great deal of energy without releasing it as
heat. In the vapor state, water molecules have a pronounced cooling effect because they are able
to absorb heat from objects they come in contact with, including trees, the ground, and the
human body. To maximize this cooling effect, some trees are adapted to allow the greatest
amount of evapotranspiration to occur by producing leaves with high surface area. Rough leaves
have more surface area than smooth leaves, providing more space for evapotranspiration across
the surface of the leaf to occur. This results in greater cooling benefits due to the high humidity
surrounding trees with rough leaves.
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“Now, a research team from the Department of Horticulture at National Taiwan University
has published a comprehensive study in HortScience that offers recommendations for landscape
designers and urban planners in subtropical regions... The researchers analyzed four
characteristics of each plant related to cooling effect, determining that foliage density had the
greatest contribution to cooling, followed by leaf thickness, leaf texture, and leaf color lightness.
Regression analysis also revealed that solar radiation, wind velocity, and vapor pressure at the
site had significant effects on temperature reduction attributable to shade trees or bamboo.

Twelve species in the study provided 0.64 to 2.52°C lower air temperature and 3.28 to
8.07°C lower surface-soil temperature under the canopies compared with the unshaded open
site. When analyzed for ‘cooling effect’, Chinese elm (Ulmus parvifolia) and Rose wood
(Pterocarpus indicus) were the determined to be the most effective, while Golden shower tree
(Cassia fitula), Autumn maple (Bischofia javanica), and Swollen bamboo (Bambusa ventricosa)
were the least effective.” (Science Daily 2010)
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