
Journal of Arboriculture 9(11): November 1 983 295

SHADING EFFECTS OF DECIDUOUS TREES1

by Robert J. Youngberg

The shading impact of trees on the energy con-
sumption of buildings, and in particular solar
systems is not easy to estimate. With support
from the Lincoln Electric system and the U.S.
Department of Energy a project was started to
monitor deciduous trees, both summer and winter
for two years. The project was designed to pro-
vide data on widely used tree species in the
Midwest. At the present time, information on the
effectiveness of deciduous trees to provide shade
in the summer but also allow sunlight penetration
in the winter is minimal.

This project measured solar radiation penetra-
tion through the canopy of six trees twice a year
for two years. Sites were selected which con-
tained 'modern' healthy tree species which were
currently popular and available from nurseries.
They were also selected for uniformity in size, age
and accessability for monitoring. Both the Lincoln
and state forestries were very helpful in the selec-
tion and location of these trees.

It is essential when monitoring sunlight penetra-
tion through the tree canopy that the measure-
ment reflect the average condition. Wide varia-
tions in measurements were experienced due to
bare branches, wind, sun flecks and reflection
from the surroundings. A mobile, track mounted
thermopile type pyranometer was used to
measure a grid 9 readings wide and 7 readings
long each hour under the tree canopy. Another
pyranometer was located in the full sun outside
the tree canopy and a battery powered data log-
ger intercepted three readings over 30 seconds
for each sensor. A battery powered 'tank' pro-
grammed to stop every 4.3 ft. for 30 seconds
provided the locomotion. In this fashion, 63
readings in a grid pattern were obtained each hour
for 6 to 8 hours per day. The track was moved
after each 'run' (9 readings) through the shade or
7 times each hour. The readings were recorded
on an audio tape recorder connected to the data
logger. Each day's data was then played through

an analog to digital converter and stored on com-
puter tape for further analysis.

The data were analyzed from three viewpoints
both summer and winter. First was how many
watts per square meter was being blocked by the
tree. This varied continuously from tree to tree,
time of year, time of day and location within the
tree itself. Although this information is in itself of
great value to plant scientists it was not of central
concern to the project. The following charts show
the amount of solar radiation blocked by a
sycamore tree in the full leaf condition (Fig. 1).
These figures show a blockage of about 700
watts per square meter during the summer. A
similar hour for the winter shows a 350-450 w/m2

blockage. Of interest is the general uniformity (ex-
cept for sun flecks) of blockage both top to bot-
tom and side to side within the tree canopy.

What we are more interested in for design pur-
poses, however, is the amount of solar radiation
penetrating the canopy. Figure 2 and 3 show
these figures are in the range of 500-600 w/m2

during the bare branch condition and typically less
than 100 during the full leaf condition. Of even
more interest for designers in applying this infor-
mation to other locations with trees of this type is
a percentage figure.
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Figure 1

1. Presented at the Trees for Nebraska Conference in 1982.
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This Is a typical one hour recording of data from 10:08 to 10:54 In September. SR#1 is the sensor reading in the shade of the
canopy and SR#2 is the full-sun reading in immediate area. The run distance is the track position from the tree trunk. 'X' and
'Y' are calculated coordinates for plotting purposes and Z1 is the unit difference between the two readings in watts per
square meter and Z2 is the percentage difference. Negative differences are due to local reflections and will be minimized
after calibration constants are applied to the data.
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Figure 2 Figure 3

Figure 4 Figure 5

Figure 4 shows this tree to block 40-50% of the
solar radiation in the bare branch winter condition
and in the full leaf condition block an almost
uniform 90%. It is interesting to note that this is
very close to the expected diffuse component (vs.
direct) of total solar radiation. Figure 5 shows this
information for the full leaf condition.

Preliminary analysis of the other monitored trees
show a typical 90% blockage during the summer
months and a winter blockage ranging from 25 to
60%. A statistical analysis including curve fitting
will be performed on the data to derive a model by
which this information can be applied to other
locations.


